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Virtual reality is quickly evolving technology which is starting to 
push not only in entertainment but also in other disciplines like 
an automotive, machine or aircraft industry. Due to ever higher 
teaching demands of these problematics virtual reality is one of 
the ways how to increase teaching efficiency. This paper aims 
to create a virtual laboratory with an interactive model of a 
machine tool. Head-mounted display and controllers from 
Oculus were used for the visualization and interaction with the 
machine tool. The interactivity of model lies in the opportunity 
of assembling and disassembling basic parts of the machine 
tool to elementary construction parts. This enables to the 
interested person better and faster understanding of 
construction problematics of machine tools which contribute to 
the improvement of the teaching effectiveness. 
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1 INTRODUCTION  

In the last decades, we have been increasingly confronted with 
the complexity of new technologies. [De Vries 2005]. This can 
cause increase of required time for understanding specific 
problematics and thereby complicate the study for an 
interested person for given topics. On the other hand, with 
increasing complexity of new technologies, the quality of 
education is increased as well by using new teaching trends. 
Informative-communication technologies (ICTs) have an 
irreplaceable role in an information society. Therefore, it is 
natural that this part of our life has started to use in education 
for example in form of electronic courses [Striezovska 2016]. 
These electronic courses do not have to contain only static 
materials. They could contain interactive elements like a 
numeric simulator of the cardiovascular system which is able to 
reproduce physiological and pathophysiological conditions of 
patients affected by cardiovascular disease [De Lazzari 2014]. 
The using of these electronic courses in the field of education 
have a positive effect on the efficiency of teaching [Ruiz J. 
2006].  
This paper is divided into the two parts. The first part describes 
general use of virtual reality (VR) in the field of machine tools 
and usage in educational purposes. The second part describes 
development and results of the designed virtual laboratory. 

2 VIRTUAL REALITY IN MACHINE INDUSTRY  

VR is used for different purposes in machine tools area for a 
long time. It helps reduce cost and time during the design 
phase of new machine tools by using virtual prototypes. These 
prototypes are used for validating functionality of new designs 
in virtual environment by Finite-Element-Analysis or Multi-
Body-Simulation [Altintas 2005].  

During the planning production phase, the VR can be used as a 
tool for quick prediction of collision between machine tool and 
workpiece [Tuma 2014]. Another implementation of VR within 
the planning production phase is realistic machine tool 
simulation. During the simulation, the machine tool control unit 
is connected with the virtual model of milling machine and the 
tool deflection and material removal are simulated 
[Neugebauer 2012]. 
From the perspective of maintenance, VR can be used for 
visualizing energies flows in the machine tools. Energy 
consumption becomes more and more important factor in 
electricity costs and also in rising environmental awareness. 
Visualization by VR enables an easier orientation and control of 
their energy consumption [Augste 2014, Pelliccia 2016]. 

3 VIRTUAL REALITY FOR EDUCATION PURPOSES 

Due to cost of procurement and maintenance VR was beyond 
the reach of schools. Nowadays, the rapid increase of 
performance of computers leads to the deployment VR in 
education [Merchant 2014]. It has a big potential for an 
improvement of effectiveness in education. This potential lies 
in attractivity of this technology for student community and in 
immersion to the virtual environment. Immersion could be 
defined as a state in which a participant becomes attracted and 
involved in a virtual space and his mind is separated from the 
physical space he is being active in [Muhanna 2015]. The 
degree of immersion is important factor which has big 
influence in learning effectivity. During the experiment which 
was focused on the comparation of two types of VR it was 
discovered following: the group using a Full-Immersive VR 
(Head mounted display) evinced significantly higher gain than 
group using a Semi-Immersive VR (computer screen). In both 
cases was proved that VR has an impact for an effectiveness of 
learning [Gutierrez 2007]. Therefore, two major ways were 
found to use VR within the education.  
The first way is to use it as visualization. Nanotechnology is one 
of the discipline which can be used as an example. It is not a 
trivial discipline and it is based on the understanding of the 
basic science about electrons, atoms and molecules. None of 
these microscopic objects are not visible in real life, therefore it 
can be difficult to imagine them and their behaviour. By 
visualization of these particles and their behaviour in virtual 
environment students gain deeper understanding of this 
problematic [Xie 2012]. The other disciplines where 
visualizations which can be used in engineering industry, 
medicine or civil engineering.  
The second way of using VR is simulation. From the education 
point of view, simulation finds application mostly in training 
activities which are expensive, or their training is dangerous in 
the real environment. Typical disciplines where VR is used for 
simulating are aviation and medicine. The Semi-Immersive VR is 
used for a long time simulations especially for training pilots,  
for the reason that they can practice dangerous situations like a 
recover from fully developed stall [Schroeder 2014]. In 
medicine VR is used especially for practicing surgical 
intervention. It could be useful in preparing for real-life 
surgeries [Kirkman 2014]. Experiment during which efficiency of 
cerebral aneurysm slipping simulator with real-time haptic 
feedback was evaluated. It was discovered that simulator is 
useful for preoperative surgical rehearsal and neurosurgical 
training for two thirds of the neurosurgical residents. For one 
third of the residents this technology in its current form 
provided very realistic haptic feedback for aneurysm surgery 
[Alaraj 2015].  
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The application of visualization and simulation can be found in 
virtual laboratories. It could be defined as a web application or 
software for interactive learning which is based on simulation 
or real phenomena, allowing to students to explore a topic by 
comparing and contrasting different scenarios [Kuleshov 2008]. 
They find use of it in a lot of disciplines: like a science (physic, 
biology, chemistry), process technology, engineering or 
robotics. The advantages of virtual laboratories are: cost-
efficient way how to get a high-quality laboratory, flexibility, 
multiple access and damage resistance. On the other hand 
there are some disadvantages like a request imposed to 
computer resources, lack of seriousness, responsibility and 
carefulness from students and finally, a fact that the final stage 
in training usually requires real equipment [Potkonjak 2016]. 

4 VIRTUAL LABORATORY DEVELOPMENT 

With the increasing requirements on the machine tools 
capabilities, the construction complexity of them is also 
increased [Shagluf 2014]. This can increase required time to 
learn and understand this problematic. Due to this reason 
virtual laboratory was developed. The following section 
summarize the process used to develop the virtual laboratory 
and the implementation in VR. 

 

4.1 Objectives 

The main idea lies in creating a tool which will help students to 
better understand machine tools construction. Before the 
implementation of virtual laboratory, several objectives which 
should be fulfilled were specified. These objectives are: 

 

• VR support 

• Freedom movement in the laboratory 

• Visualization of basic parts of machine tool 

• Opportunity to rotate specific parts of machine tool 

• Assembly/disassembly animation for each basic part 

 

On the impact base of the teaching efficiency between Full-
immersive and Semi-Immersive VR [Gutiérrez 2007] it was 
decided to use Full-Immersive VR for designed virtual 
laboratory. The virtual laboratory aims on the visualization of 
basic construction parts of machine tool and interaction with 
them. These basic construction parts are frame, table, cross-
beam, ram and automatic tool changer (ATC). Students have 
the possibility to study all these parts in detail. For this purpose, 
basic parts can be disassembled to the elementary construction 
parts. Free movement in the laboratory, together with 
possibility of rotation with chosen parts are important features 
which enables to study parts of machine tool with unfavorable 
accessibility. 

 

4.2 Machine tool model 

Model of multifunctional machining centre is shown in Figure 1. 
which was used for our virtual laboratory. This centre is 
designed for machining rotating and prismatic parts by three 
basic technologies of machining. These technologies are milling, 
turning and drilling. The kinematic structure of centre is upper 
gantry with rotary table with 4 axes. By using NC milling heads 
the machine becomes a fully-fledged 5 axes machine. It also 
contains ATC which is placed out of the working area. The 
individual tools are placed in the disc magazines which contains 
19 tools.  

The original model of machine tool contains an enormous 
quantity of polygons. Due to the high requirements of VR on 
hardware, the parts which are not relevant, like a bolts, nuts 
and non-visible parts are removed. This reduce quantity of 
polygons and hardware demands of the scene. 

 

 

Figure 1. Multifunctional machining centre used for virtual laboratory 

 

4.3 Development environment and VR hardware 

The choice of development environment depends on the choice 
of the platform for virtual reality. Therefore, the first step is 
selection of virtual reality technology. The market has several 
types of VR devices. There are CAVE and PowerWall solutions 
or HMDs like Oculus Rift or HTC Vive. For the purposes of 
virtual laboratory is chosen HMD Oculus Rift with controllers 
Oculus Touch. The reason for this choice is to fulfil 
requirements for the project and its low price. Oculus Rift 
support developing in game engines like a Unity3d, Unreal 
Engine or developing applications by using Oculus SDK. For the 
implementation was chosen game engine Unity3D. Reasons 
are: 

 

• Support of several types of VR devices like HMDs from 
Oculus, HTC, CAVE and PowerWall 

• Support of C# scripting 

• Opportunity to use free license 

 

This virtual laboratory can be reworked to another virtual 
platform by using the minor changes if it’s necessary because 
the Unity3D supports other types of VR. 

5 RESULTS AND DISCUSION 

Unity3D engine is powerful tool for developing applications 
which enables importing 2D and 3D scenes and also provides 
animation tool, physic engine etc. However, program algorithm, 
user interface and animation of parts had to be developed 
separately. Teaching support of construction of machine tools 
is the major purpose but the application is designed as a 
universal software tool for decomposition of any assembly in 
VR. 

The interaction system of designed application is based on the 
event-driven programming. Main program script is responsible 
for handling the events by triggering appropriate methods 
when one of those events are detected. 

The machine tool model consists of five basic parts, specifically 
frame, table, automatic tool changer, cross-beam and ram. A 
laser pointer was implemented to the virtual environment as a 
tool for selection of these basic parts. If the laser pointer is 
aimed to one of these parts, event is invoked. Two kinds of 
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events could be invoked by interaction between laser pointer 
beam and machine tool part. First event is initiated by entering 
collision and second one by exiting collision. The focused part is 
highlighted when OnEnterCollision event is invoked. When the 
part is highlighted, it could by selected by pressing the 
corresponding button on the controller. After the selection the 
remaining parts hide and only the selected part is visible on the 
scene. The process of selection and interaction with machine 
tool part is shown in Figure 2. It is possible to disassemble or 
assemble the selected part. This action is accessible through 
the VR menu which is displayed by pressing the menu button 
on the controller. 

 

 

Figure 2. Interaction process with machine tool ram, a) part selection 
by using laser pointer, b) part is isolated and moved to more 

convenient position after part selection, c) at this point user can rotate 
with selected part, d) disassembling 

One of three items from VR menu can be selected by touching 
it. These items are disassembly/assembly, reset rotation and 
close button. Button highlighting is implemented for easier 
orientation of hand position while focusing on the button. The 
VR menu is shown in Figure 3. 

 

 

Figure 3. Demonstration of user interface. VR menu is shown in the left 
picture. The menu is controlled by touch gesture which is shown in the 
right image 

The selected part can be rotated by using 'grab' gesture. 
Default part rotation can be set by pressing 'reset rotation' 
button in VR menu. In order to move around the laboratory, a 
teleport function was created. Teleportation is controlled by 
thumbstick. If the thumbstick is not in the central position, 
teleportation mark is shown on the place where the controller 
is pointing. Direction of the thumbstick tilt represents new 
camera orientation after the teleportation. The teleportation is 
executed when the thumbstick is released. The teleportation 
system is shown in Figure 4. 

 

 

Figure 4. Example of teleportation system used for free movement in 
the virtual environment 

6 CONCLUSIONS 

The virtual laboratory for construction learning of machine 
tools is developed and described. The lab is based on the 
Unity3D game engine which allows to create interactive 3D 
laboratory with support of VR. HMD Oculus Rift is used for the 
visualization of virtual laboratory and interactions are possible 
by using Oculus Touch controllers. The developed laboratory 
contains fully interactive model of multifunctional machining 
centre, which can be disassembled/assembled by the user. It 
provides a possibility to rotate selected parts and also free 
movement around the laboratory. This solution enables 
decomposition of any assembly in VR. Except in educational 
purposes the solution can be used for verification of 
construction design by designers. The following aim is to deploy 
a virtual laboratory in teaching and evaluate benefits from its 
deploying. In the future work the VR application will be 
connected to database system containing information about 
individual parts of assembly. With this solution it will be able to 
show information about parts in virtual reality. Thanks to this 
application it will be possible to use it for checking of diagnostic 
data from machine tools as well. 
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