Zeszyty Naukowe ISSN 2956-6673
Akademii Gornoslaskiej e-ISSN 2956-6681

Nr 1/2024 (13), s. 138 - 145 @@@
DOI: 10.53259/2024.01.15 @

Tomasz Grzejszczak, Maksymilian Gorzelak
Politechnika Slgska,

Gliwice, Polska

e-mail: tomasz.grzejszczak@polsl.pl

ORCID 0000-0002-1114-3619

CZY ROBOTYKI MOZNA UCZYC ZDALNIE? POROWNANIE
ZAGROZEN BEZPIECZENSTWA ORAZ EFEKTOW
DYDAKTYCZNYCH DLA STANOWISKA WIRTUALNEGO
I STACJONARNEGO

CAN ROBOTICS BE TAUGHT REMOTELY? COMPARISON OF SAFETY THREATS AND
TEACHING EFFECTS FOR A VIRTUAL AND STATIONARY STATION

Stowa kluczowe: rzeczywisto$¢ wirtualna, robotyka, interfejs Cztowiek-Komputer

Keywords: Virtual Reality, Robotics, Human-Computer Interface

Abstract

This paper presents a simulation of robotic cell used as an alternative for robot programming training.
This simulation is created to work with Virtual Reality (VR) environment with use of specially designed
teaching pendant — that is used as a common robot programming device. Three main components,
which are: software, VR set and dedicated teaching pendant, are described. The experience of students
participating in the training with use of this simulation is presented.

Streszczenie

Przedstawiono symulacje celi robotycznej, stanowiqcq alternatywe dla szkolenia z zakresu programowania ro-
botéw. Symulacja ta wykorzystuje srodowisko wirtualnej rzeczywistosci (VR) oraz specjalnie zaprojektowany
panel operatora - bedgcy powszechnym urzqdzeniem do programowania robotéw. Opisano trzy gtowne kom-
ponenty, ktorymi sq: oprogramowanie, zestaw VR oraz dedykowany panel operatora (pendant). Przedstawiono
doswiadczenia studentow uczestniczqcych w szkoleniu z wykorzystaniem tej symulacji.

INTRODUCTION

Training program, in form of the simulation, covers issues related to the operation and programming of
industrial robots, as well as security aspects in a robotic cell. The training — instead of in a “traditional”
robotic station — takes place in a virtual reality (VR) environment, and the people participating in it
use virtual reality goggles. The course takes place in comfortable and completely safe conditions. The
trainees use a physical model of the robot’s keyboard (handheld programmer, so-called teach pendant),
which allows user to track and show the position of their hands in the VR virtual world, and also gives
them the impression of extraordinary reality during training (so-called immersiveness). Training allows
training of one or more people at the same time. It can be done fully automatically, i.e. without the help
of an additional person (instructor). Participants can freely repeat specific issues from the subject of the
training. The entire course lasts up to three hours and covers the following topics:
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* Basics of navigating the virtual reality environment;

¢ Safety rules in a robotic cell;

¢ Manually moving the industrial robot arm in different motion modes;
* Basics of creating programs for industrial robots.

During the development of the training project, studies on the effectiveness of learning using the VR
environment were carried out. The surveyed people included both students of technical schools, students
of automation and robotics and related majors, but also employees from the industrial sector, working
with physical robots on a daily basis. The presentation of the training met a very warm reception among
all the deputies. The research results showed the potential of the selected method. Since the summer
semester 2022/23, the product has been used as part of laboratory classes at the Faculty of Automatic
Control, Electronics and Computer Science of the Silesian

LITERATURE REVIEW

Although the virtual reality is not a new concept, because the first VR devices such as the stereoscope,
invented by Charles Wheatstone and David Brewster was created in the 30—40s of the 19th century
[Paro, 2022], the rapid development of this technology can be observed in recent years, mainly thanks
to technology development. In the case of each new technology, there is an increased search for areas
in which it could be used. Similarly, VR has found application in many areas of everyday life, such as
medicine [Szekely, 1999], tourism [Yung 2019], education [Kavanagh, 2017] or even in business [Brunner
2020]. It was also obvious that VR was present in industrial robotics and its teaching [Burdea 1999].

VR in robotics

There are two main types of programming in robotics — online and offline. Online programming involves
real-time control, offline robot programming (OLP) uses virtual simulation, and there is subtype of OLP
containing VR programming, which combines virtual reality with robot programming. The basic premise
of this article is to present the possibilities of programming industrial robots through VR OLP to check
applicability to the real environment [Holubek, 2019] and the use of such a solution in robotics education.

Offline robot programming can be carried out safely and without disruption to real production robots
through the use of Augmented Reality (AR) and Virtual Reality (VR). By wearing a VR headset (goggles)
and using handheld pointers, operators can teach the entire task workflow within a virtual environment.
This allows them to guide the robot’s movements from one point to another. The resulting program can
then be transferred and uploaded to the physical robot for execution [Bolano, 2020]. A great example of
VR OPL can also be training surgical operations [Albani 2007].

VR can be also used in teaching robotics using various methods. For example, students can participate in
virtual robotics experiments, program and test robot behavior in simulated environments. VR interfaces
enable immersive control of robots, allowing students to operate virtual robotic arms or navigate robotic
platforms using hand gestures or controllers. VR simulations can also be used to teach robot assembly tasks
where students practice assembling virtual robots and learn proper techniques. In addition, collaborative
VR robotics enables students to work together in virtual environments, collaborating on programming
and solving tasks regardless of their physical location [Takahashi, 1992; Dimitrokalli, 2020].

Robotics simulators

Robotic simulators are software tools used for simulating and testing robots in virtual environments.
They allow to experiment with various robot designs, control algorithms, and environmental conditions
without the need for physical prototypes. These simulators provide realistic physics engines to simulate
robot movements and interactions, sensor models to simulate robot perception, and visualization tools
to observe and analyze robot behavior.
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Among the well-known robotic simulators are Gazebo, Webots, V-REP (now CoppeliaSim), and
MORSE. Gazebo is a popular open-source simulator that supports different robot platforms and has
a strong user community [Sokolov, 2016]. Webots, another widely used simulator, offers a user-friendly
interface and supports a wide range of robot models and sensors [Michel 2004]. V-REP provides
a versatile platform with comprehensive tools for robot programming and simulation [Rohmer 2013].
MORSE focuses on rapid prototyping and offers a modular architecture for testing robotic systems
[Michel 2004]. Each simulator has its unique features and capabilities, and the choice of simulator
depends on the specific needs of the project.

Robotic simulators are highly beneficial in the realm of teaching robotics, as they offer a safe and
cost-effective learning environment. By providing hands-on experiences, ensuring safety, enhancing
accessibility, and utilizing visual representations, simulators facilitate a deeper understanding of abstract
concepts [Teixeira 2015]. Students can actively engage in experimentation, iteration, and exploration
of complex scenarios, thereby honing their problem-solving skills and preparing themselves for future
careers in the field of robotics.

MATERIALS AND METHODS

The simulation used for training is built with 3 main components. The first component is the software,
that is a training application. The VR experience is supported by a ready solution: HTC VIVE. An
important part of the simulation is the teaching pendant that is connected with VR and can be used
to control the robot in the simulation. Each of those parts are described in details in sub-chapters.

Software

The main aspect of the whole training program is the software with simulated robotic cell. The overall
view of the robotic cell is presented in fig. 1. The room in the simulation was built with the greatest
care to imitate a real room found in industry. It consists of operational PLC with safety implemented,
a 6-DOF manipulator and a set of instructions for tests and training.

Figure 1. Virtual robotic cell
Rysunek 1. Wirtualna cela zrobotyzowana

tyzag
5518 Zaawansowana palety
MO5S0!
Przestaw stacyjke robota w
ryb T1

e, ze wigczony jest

Odblokuj robota i uruchom S
program przyciskiem PLAY,

Zrodto/Source: Simtech

In the simulation, it is possible to control the manipulator by the means of forward kinematics, inverse
kinematics and it is possible to write a program for the robot within this simulation by means of classical
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robot teaching technique. This means that the pseudocode compiler is implemented in the simulation.
The language is similar to other robot programming languages.

The forward kinematics is implemented directly with use of simulation engine. Adequate button on
teach pendant increases the position of adequate robot motor on one of the joints. In robotics it is called
a joint control. Joint control is presented in fig. 2.

Figure 2. Robot programming with use of pendant
Rysunek 2. Programowanie robota z uzyciem panelu operatora
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Zrodto/Source: Simtech

The inverse kinematics is more difficult. Operator moves the end effector in changing its (x, y, z, &, 3,
Y), that is a translation and rotation angles. The inverse kinematics problem is that in order to change
the position of end effector, one needs to find a translation function

0,0, ..,0)=f(xy,2z0ap7) (1)

where O angles are the positions of 6 motors in the 6-DOF manipulator. This function in fact finds the
position change of motors, when the translation or rotation of end effector is changed.

Robot programming by teaching means that user navigates a robot into a desired position and saves
this position in program. User can also choose the type of trajectory that is: Point-To-Point, Linear or
Circular.

HTC VIVE

The simulation runs with use of commercially available HTC VIVE with additional tracker equipped
to a pendant, that is described in this chapter. It is possible to use the basic cable version, however we have
implemented the wireless goggle connection. The VR equipment, presented in fig. 3 consists of:
1. Power bank to supply VR goggles
2. Dedicated teach pendant with HTC tracker on top
3. One of the HTC Controller to track hand movement
4. Additional power bank, charged during training
5. HTC VIVE goggles
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Figure 3. VR Equipment
Rysunek 3. Urzadzenia VR

Zrédto/Source: zdjecie wiasne/personal photo

Pendant

The teaching pendant is the most important device in the whole setup, because it is the hardware
that makes the Human-Computer Interface. It is presented in the fig. 4. The aim of the construction is
to imitate the shape of real teaching pendant with the proper buttons position and usage.

Figure 4. Visualisation of pendant in VR
Rysunek 4. Wizualizacja panelu operatora w przestrzeni VR

D
P EFOEEDAM®

&
i
OO

Zrédto/Source: Simtech

The pendant consists of an emergency stop button on top that works in the same way as all emergency
knobs, two dead man switches at the back, that user needs to press while operating robot and a set of
buttons on a touch plate. The touch plate is used in the simulation, so the user can see in VR where
is his/her finger while looking for a proper button. This can be noticed in fig. 4. Moreover, all of the
physical buttons are displayed in VR and an additional screen is displayed on top of the pendant in VR

There is also a HTC Tracker installed on top to track the movement of the pendant and place it in VR.
During the training user holds the pendant in hand and sees its reproduction in VR.
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TESTES

The Virtual Reality Robotic Cell was set up and used for teaching Robotics course in semester 2022/2023.
During the course, students had an opportunity to perform several laboratory topics, among which two
were similar. The aim of both was to write a simple program on industrial robot. One was performed on
VR and the other was performed on a real COMAU industrial robot. After the semester, students were
asked to fill a survey.

From a group of over 100 students, only those were selected who, during the classes, first underwent
training on a VR station and then underwent training on a real station with the COMAU robot. The
survey was voluntary. Ultimately, 44 students decided to complete it. The survey had a set of closed
questions with answer options: definitely yes, rather yes, I don’t know, probably no, definitely no.
Table 1 shows the percentage of positive responses excluding neutral ones

Table 1. User survey
Tabela 1. Ankieta przeprowadzona na uzytkownikach

Score Question
| D| 86,36% Overall, the VR station helped me prepare for the next COMAU classes.
| !| 95,45% The VR station is easy to use.
| I:| 88,64% The laboratory instructions are precise and well prepared.
| I:| 81,82% The VR course is well programmed, the instructions during the training are clear.
| Ij| 29,55% The VR station is able to completely replace the COMAU station.
| I:.| 59,099 If I had to choose only 1, I would rather convert the VR station in the laboratories than
o COMALU.
| !| 86,36% The VR station improves safety.
| g’ 75,00% The VR station is a good solution in the event of restrictions during the pandemic.

The main aim of the survey was to find out what is the potential of VR training with comparison
to training on real robot.

The courses were aligned in such way that first students attended VR and then a real robot. Majority
of students agreed that VR helped them to prepare to work with a real robot. The simulation software
is prepared in such way that all of the training instructions are pre-programmed. Majority of students
agreed that the instructions were clear and the VR was easy to use with some minor requests to fix
some bugs.

However, most students disagreed that this kind of teaching can fully replace the experience gained
from learning from operating on real robot. Those answers were connected with the 6th question stated
that if there was a need to choose just one way of learning robotics: on real robot or with VR, which one
would you chose? The respondents were divided rather in half.

In case of safety, majority of students agreed that they praised the fact that they were unable to damage
the equipment. Moreover, this group of students remembered limitations in teaching due to COVID-19
pandemic and stated that it can be a good solution to future similar problems.

When asked about advantages and disadvantages, students pointed nearly 5 times more advantages.
The noted advantages were: easiness of knowledge gaining, well prepared training, equipment safety
and fun experience. The main disadvantage was some cases of simulator sickness.

Despite the students answers, some additional conclusions were drawn from a teacher site, comparing
this group to previous years. There were less questions to teacher, as the students had a better theoretical
background from a VR training. Moreover, there were significantly less equipment damage after VR
training. In previous years, it was common that students by mistake pressed a wrong button causing the
robot to collide with other objects damaging them.
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CONCLUSIONS

This paper presented the way of teaching robotics with use of Virtual Reality. A robotic cell with industrial
robot, similar to a classical training station is simulated in VR. Three main aspects were presented, that
are: simulation software with training instructions, a dedicated controller that imitates a robotics pendant
which is projected in simulation and VR commercial equipment to enable the VR experience.

This training station was set up by Simtech in Silesian University of Technology and was added to the
didactic program of Robotics course. Students in 2022/23 semester started learning robotics with use of
this simulation and the conclusions were presented. Among the most important, there VR simulation
training was found as save, intuitive and well prepared. The knowledge gained during training helped
with next exercises on real robots, however the need of working with real robot is irreplaceable.

Moreover such equipment can be easily scaled and is much cheaper than industrial robot. This proves
that such solutions can be used widely as a part of Robotics training program with only few additional
hours of training on real station.
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