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Abstract  
This paper deals with the proposal for the implementation of innovative approaches in teaching based 
on interactive learning models. One of the outputs of the project is a documentation that uses the 
principles of the Best Practices for the preparation of interactive training applications, teaching models 
and interactive publications of selected subjects, for example Design of Manufacturing Processes, 
Business Administration, Production Control, and Management Information Systems. The paper also 
discusses the laboratory which aim is to identify the potential of innovative technologies and their 
utilization in industrial engineering. In laboratories are 3D imaging devices operating on the principles 
of stereoscopy, as a new tool of the industrial engineering. This technology allows for better 
presentation of results and it can be also used for analyses. The outcomes of the project were 
evaluated in the laboratory of industrial innovations and subsequently used as a supportive tool when 
teaching the subjects like Innovation Management, Ergonomics and Work Measurement. 

Keywords: Teaching Methodology, Virtual Reality, Teaching Models, 3D Applications, Laboratory of 
Industrial Innovation. 

1 INTRODUCTION 
Technical progress is characterized by key drivers - digitalization and total automation. The digital 
factory is a set of new technologies that presents all the elements of an enterprise in the form of their 
digital models. It is possible to create a digital model of parts, product, production technology, 
production process, people, management, etc. Simply put, a digital enterprise is actually a digital 
image of a real business.  

The evolution of digital technology presents opportunities and threats for all businesses and allows for 
creation of a virtual environment that truly shows the real business and, at the same time, enables 
engineers to make changes while using computer experiments to find out how the real system will 
respond to these changes. 

Such experiments are not possible in real-world production systems because it would have been very 
expensive, dangerous, or even impossible. Most often, a digital enterprise is used in the conceptual 
phase of designing a production system, that is, at a time when a real production system does not 
exist yet, but it is in the process of creation. Thus, a new user can, before investing his money in the 
factory, "see" the how future system would look like. And of course, it can also provide information on 
the return on investment. 

The main goal of the first phase was to integrate different software platforms under one roof of a digital 
factory. 

The second phase (a phase of virtualization) is focused on virtual commissioning of automated 
manufacturing systems - first industrial applications of the Internet of things, cloud computing and 
strong pressure on standardization, a new logical and data model for the digital enterprise. 

Germany is currently developing a new corporate operating system which should support the 
deployment of digital business and accelerate the implementation of changes in production. The next 
phase of development, (a phase of optimization) is open systems that will accelerate innovation in the 
digital factory. They include such features as inheritance, modularity, widespread use of simulation, 
evolutionary methods and optimization. This stage will be followed by the intelligence phase, the 
research will be oriented more towards the wider application of artificial intelligence methods, 
knowledge systems. It will respond to the revolution expected in the areas of digitization, 
computational systems, biotechnology and nanotechnology and artificial intelligence. The 
development of the digital factory is inseparably linked to the development of factory of the future. The 
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digital factory is a service for advanced production. In digital factory, the latest trends are linked 
together with advanced technologies. 

2 LITERATURE SURVEY  
Immersive Technologies mean technologies that induce a state of consciousness in which the 
physical perception of oneself and the surrounding environment is suppressed by the fact that the 
observer is partially or completely surrounded by virtual environment. The aim of immersive 
technologies is to draw users into the virtual environment as much as possible, allowing the user to 
use these technologies in the most simplest way possible and to interact with the displayed objects 
and move them in the virtual environment. The most popular immersion technologies include: 

• Virtual reality systems – the technology completely replaces the real world with the virtual one      
and thus draws users into an unreal world [1], [2]. 

• Augmented Reality Systems – these systems do not completely replace the real world but 
rather they add virtual objects to the real world and modify real world perceptions. Augmented 
reality technologies enable people to perceive virtual objects made in the real world [3], [4]. 

• Holographic systems - waves spreading through the environment are carriers of optical 
information about the displayed object. When the waves hit the recording material, the waves 
coming from different points will join together and create an image [5], [6]. 

3 PROBLEM DEFINITION 
Production systems are becoming more complex, thus putting pressure on the quality of university 
graduates. The arrival of foreign investors increased the need for rapid adaptation of graduates in 
these manufacturing companies. Managers expect graduates to bring results as soon as possible [7].  

The assessment of the success rate of a university graduate in an employment is based on assessing 
his/her ability to engage in dynamic processes and work in the field of innovation (innovation of 
systems, processes and products). [8]. Rapid adaptation of university graduates is possible only 
through trainings where they solve practical problems reflecting the conditions of the competitive 
environment.  

The question "Why is it necessary to implement an innovative approach in the education system 
based on interactive training apps using Best Practices?" has several answers:  

• There is a myriad of methods and techniques that streamline planning and management 
techniques in pre-production and production stages [9], [10].   

• There is no review of the techniques supplemented by the real results obtained by applying 
these methods, for example by changing the performance indicators (KPIs), which may 
represent knowledge of the use of the given method.  

• The choice of method to solve the problem is in this case based on a subjective opinion and not 
on the knowledge provided by the real experience.    

• The amount of information submitted overloads students who then are not able to solve the 
problem or find an effective solution. 

The effort to improve the learning and preparation process leads us to middle management training 
applications (production manager, maintenance manager, technical manager, etc.). Each of these 
managers has roles and responsibilities within their department and must also respect the goals and 
intentions of the company.  

The success of future managers depends not only on a wide range of knowledge from areas such as 
economics, logistics or production preparation, but also on the use of this knowledge in a the real-life 
situation. One of tools that would help graduates is an interactive training application based on Best 
Practices. 
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4 DESIGN METHOD: TRAINING APPLICATIONS - INDUSTRIAL ENGINEERING 
The following chapter includes interactive training applications developed for students of Industrial 
Engineering at the Department of Industrial Engineering, Faculty of Mechanical Engineering, 
University of Zilina, Zilina (Slovakia). 

4.1 Projection system (CEIT table) 
The first interactive training application is the CEIT table (Fig. 1a). The table designs production and 
logistics processes. The system helps to eliminate decisions in the preparation process that would 
result in inefficiency of the project, and thereby saves funds in the implementation phase. The system 
is used of this system is in a single piece or large-scale production.  

Any color image can be used for positioning and rotation of a 3D model. For markerless imagery, 
more complex software such as BuiltAR is used. Since any object can be used as a tag to define 
location of an object, these systems can also be combined with VisTable. The 2D machine model 
serves as a marker. If we move the 2D model in the software VisTable, a 3D machine model for 
example in Unifeye Design will move as well (Fig. 1b). 

Industrial Engineering students as well as researchers can use it to teach the subject Designing of 
manufacturing processes and systems. The software allows student or research team members as 
well as PhD. Students (Fig. 1c) to jointly engage in designing the layout of a production facility, to 
create different solutions, to discuss production layouts, and to optimize production in real time (Fig. 
1d). 

 
Fig. 1 Projection system [11] 

The second interactive training application allows for virtual viewing of the production layout in a 3D 
environment in the 3D Cave (Fig. 2a), using the Tecnomatix Teamcenter VisMock Up module and 
ergonomic analyzes (Fig. 2b).  
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The 3D Cave is located at the joint workplace of the University of Zilina in Zilina. For better orientation 
and visualization of the future workplace our students can use the immersive technology tool - a virtual 
cave (3D CAVE) that creates a virtual reality and draws the viewer into the virtual environment. The 
device consists of three walls onto which are projected 3D images using the rear projection 
technology.  

 
Fig. 2 Immersive Technology Tool – 3D CAVE [12] 

The third interactive training application (Fig. 3a) working in the augmented reality is to be created as 
follows: 

− Exporting models to a suitable graphic format. 
− Creating markers 
− Assigning 3D models to individual markers. 
− Creating layout variants. 

Markers need to be inserted into the field of view of the camera, online image recording through the 
camera should be set up as well, because the software can detect markers even from the video. 
Sofwer recognizes a specific marker and assigns a 3D model to it. We can arbitrarily move and shoot 
markers and create different layouts (Fig. 3b). 

 
Fig. 3 Examples of creating workspace variants [12] 

We can use also the mobile information system based on augmented reality technology that is shown 
in Fig. 4a. This Augmented Reality Mobile Information System (ARMIS) was created by a Ph.D. 
student of the Department of Industrial Engineering [13]. 

New Generation Robots will work with people using cobots which are equipped with a special sensor 
and can learn from the operator – the operator shows the robot certain moves and the robot will repeat 
them.  

But it's not just about mechanical actions - intelligent cobots can decompose large inputs into smaller 
steps and divide tasks between machine and man based on who will do the task faster.  

There are several types of cobots. Our department own a humanoid cobot Baxter (Fig. 4b) from 
Rethink Robotics which our students use when writing their theses or solving research tasks.   
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Fig. 4 ARMIS and cobot Baxter [13] 

There are several software solutions for the design of manufacturing and assembly systems. At the 
Department of Industrial Engineering we use the following software:  

For the conceptual design we use the following:  

− VisTable – serves for a static design 
− FactoryFlow – software package Tecnomatix.  

Besides these, there is other similar software such as Factory Design, Plant Layout or Malaga V3. 

For detailed design we use the following: 

− Jack – software package Tecnomatix. It uses a biomechanically accurate human model. 
− Delmia V5 Human – – software package Delmia. 

Besides these, there is other similar software such as. Ramsis,ErgoMAS, TiCon, ErgoEASE, eM – 
Human, Sammie, etc.  

5 RESULTS 
The results and benefits of the project were evaluated in the laboratory of industrial innovations and 
subsequently used as a supportive tool when teaching the subject Innovation Management as well as 
Ergonomics and Work Measurement. 

5.1 Practical application in the Laboratory of industrial innovation 
Stereoscopic glasses switch lenses for the left and right eye. The infrared switching signal transducer 
is usually located above or below the monitor and is used where the visibility is guaranteed. It is 
captured by the detector and placed in the glass frames. A pair of images is generated in the monitor 
for the left and right eye. The newer type of glasses features a microphone. With this microphone, it is 
possible to scan the head of a user's head and change the projection parameters in the application. 

A stereoscopic image can be created in multiple ways. The most used methods are: 

• Anaglyph – it is enough to have a red and blue (green) filter on glasses to create a 3D image. 
However, the image must be created only from the two colors. Image matching takes place in 
the brain - it evaluates what both eyes see. 

• Passive stereoscopy - works on the principle of polarization filters. One lens permeates the light 
oscillating horizontally and the other vertically. The image is projected using two projectors, 
each with a polarizing filter positioned in front to direct the oscillation of light.  

• Active stereoscopy - works on the 120Hz screen projection principle, the movie is projected to 
show the image alternately once for the left and once for the right eye. Active electronic glasses 
are used for image separation - they alternately block out the image once for the right and once 
for the left eye. The viewer sees the picture with a standard frequency of 60 Hz.  

The laboratory is focused on identifying the potential of innovative technologies and their potential use 
in industrial engineering. The main area of interest is the use of 3D imaging devices working on the 
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principles of stereoscopy as a new tool of the industrial engineer (Fig. 5), which allows for a better 
presentation of the results while serving as a tool for analytical activities at the same time. 

The laboratory is used when teaching the subject Innovation Management. The laboratory is also used 
in the subject Ergonomics and Measurement of Work. Students, with the support of the 3D video 
recording of the assembly site, draw up individual analyzes of the workers’ physical load (eg RULA). In 
this way, they can not only evaluate the benefits of spatial vision but thanks to the support of virtual 
reality tools they can also look at real production in laboratory conditions. 

5.2 The method of determining the convergence point and the size of the 
stereoscopic base with the converging axes of the cameras  

In the field of stereoscopic recording, two basic approaches can be identified, namely stereoscopic 
recording by a single camera using a special attachment for duplicate lenses, or suing duplicate 
lenses directly in the body of the camera, or using two independent cameras. 

One camera solution is a commercially successful solution for not very experienced users of this 
technology. The primary disadvantage is the zero variability of camera’s technical parameters such as: 
the lens distance and the angle of the lens. These drawbacks pose some limitations. The main limit is 
the minimum distance limit of the closest recorded object. The minimum distance depends on the 
particular model of the camera, most often the distance is one meter. 

These drawbacks disappear when two independent cameras are used. However, the approach 
requires considerable skill or the user because of the need to set the basic parameters of the camera. 
When using two independent cameras, there are two basic types of camera setup - parallel and 
converging axes of the cameras. The point of convergence of the axis determines the space displayed 
before and behind the imaging device when it is reproduced. In the first case, it is necessary to set the 
correct distance of the cameras. In the second case, apart from the distance it is also necessary to set 
the right angle of convergence. Correct parameter settings allow for recording objects from any 
distance. 

The camera system setting has to respect the biological limitations of human sight while watching the 
recording. Quantification of the recommended parameters of a reproduced stereoscopic video is 
generally known. The method of transforming the reproduced image parameters into the camera 
system setting (parallel axes) is also known.  

However, such a method does not work for converging camera axes. This fact, however, prompted a 
suggestion to look for a solution. As a result of this effort, a method of determining the point of 
convergence and the size of a stereoscopic base in an autonomous CCTV system was developed. 

The method of determining the convergence point and the size of a stereoscopic base with converging 
camera axes is protected by a utility model G03B 35/00, G03B 5/00. [14] 

 
Fig. 5 Using 3D imaging devices working on the principles of stereoscopy [14] 
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5.3 Application in Laboratory of Ergonomics and Work Measurement 
The laboratories are also used when teaching Ergonomics and Work Measurement. The laboratory is 
also equipped with Siemens Tecnomatix Jack's specialized software for complex ergonomic analyzes 
and design of work systems with an emphasis on people. The laboratory also allows for 3D projection 
of works and outputs using Tecnomatix Jack environment. 

5.4 Connecting Tecnomatix Jack with MS Kinect and Motion Capture 
technology 

Tecnomatix Jack can connect to Tracking Systems like Kinect and Motion Capture suits. Motion 
Capture technology is a tracking system, the so-called body tracking. Time savings were verified on a 
specific case. In the case study, we compared a manual way of creating working posture, creating 
these positions with Kinect Plug-in and by combining these two. We evaluated three parameters: the 
time needed to create a working posture, the closeness of the recreated working posture to the real 
position, and the comparison of the outputs from the ergonomic analyzes. Tab. 1 features a 
comparison of the time it takes to create a motion animation. 

Table 1.  Comparison of the time it takes to create a motion animation 

Way of 
creating 
motion 

Time needed 
to create 
motion 

Closeness to 
the real 
position 

Comparison of 
outputs from 
ergonomic 
analyzes 

Note 

Manually 100 % 85 % 100 % No limitations 

MS Kinect 1,6 % 70 % 90 % A significant drawback is that the motion 
cannot be recorded and subsequently 

played back in the Jack program; the motion 
can only be recorded from the screen using 

another software. There is also a space 
limitation of about 2x2 meters 

Combination - - - Not possible to carry out 

 
Fig. 6  Recreating working postures [10] 
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6 CONCLUSIONS 
Production systems are going to be revolutionized, their design will no longer be possible without the 
use of advanced technology. Future production systems will have completely new features such as 
self-organization, reconfigurability, autonomy, self-optimization, self-replicability, learning ability and 
autonomous work with knowledge creation and utilization. Changes will be very fast.  

It is hard to imagine them today because the revolution in production will change the very nature of 
production activities. A good example of first-type changes is today's automation of inter-operational 
traffic.  

The main outcomes of the project are the following: 

• better teaching of the subjects, 

• increase in professional knowledge of graduates attending the subjects Technical preparation of 
production, Production management Production process planning, Enterprise economics and 
Management information systems, 

• improving employability of graduates, 

• easier access to industry practice and the latest knowledge regarding the subject area. 

Implementation of the presented project and the subsequent use of project outputs in the process of 
teaching university students had a positive impact on the quality of knowledge and skills of students in 
the field of production management and pre-production.  

Students are now able to adapt faster from the university environment to corporate environment. 
Nowadays graduates are expected to adapt to the working environment and create values as soon as 
possible.  

Employability of university graduates in a business environment is based on the ability to engage in 
dynamic systems and product innovation processes. This requires high flexibility, adaptability to new 
conditions, good knowledge and the ability to apply the latest approaches to real conditions. 
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