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PRZEGLAD POSTACI ROBOTOW GRAJACYCH W FOOTBALL
STOLOWY

Streszczenie: Artykul ten dotyczy idei footballu stotowego robotéw w ujgciu ogdlnym.
Dokonano chronologicznego przegladu dostgpnych, istniejacych rozwigzan oraz zestawiono
ich indywidualne historie. Ponadto, skrétowo opisano jak dzialaja zestawy z footballem
stolowym robotéw. Zestawiono takze zalety i wady oméwionych rozwigzan. Na zakonczenie
artykutu dokonano oceny, i réwnoczesnie, analizowano mozliwe modyfikacje — aby osiagnaé
zupelnie automatyczne systemy footballu stofowego robotéw dla wybranych, poszczegélnych
rozwigzan.

Stowa kluczowe: football stotowy robotéw, istniejace rozwiazania, zalety i wady

OVERVIEW OF DEVELOPED ROBOTIC TABLE FOOTBALL
SOLUTIONS

Summary: This article focuses on table football in general. It points to a chronological
overview of the developed solutions and their history, to a brief description of how robotic table
football works and in the end to describe the advantages and disadvantages of the solutions. At
the end of the article, the overall solutions are evaluated and at the same time, possible
modifications for the complete automation of robotic table football in the individual developed
solutions are presented.
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1. Introduction

Machinery is a common part of everyday life. However, a major breakthrough in the
use of these devices was brought about by the industrial revolution. People's responses
to change have been diverse. Some saw machines as a threat, others as a chance and
an opportunity to make life easier. Nowadays, we can talk about a similar situation,
but this time in connection with intelligent machines and their processes. The so-
called ubiquitous revolution will take us where machinery can be installed really
everywhere, for example in the human body, robots as helpers will be a common part
of every household, and we can undoubtedly say that robots will become companions
for lonely people. However, new technologies not only bring new benefits
and opportunities but also come with new costs and threats. The pace at which the
industrial revolution has begun is becoming more and more unstoppable, and the
future may seem like a big unknown to us. Every week, new innovations
and inventions are introduced, as a result of which there is a need for constant
education in the field. Nowadays, the automation of almost all devices and processes
has become a big trend. Even the most popular area of people, such as entertainment
and sports, did not escape this.

Table football, which belongs to the category of board games, definitely belongs to
the group of the most popular entertainment and at the same time sports. However,
many people still think that it has nothing to do with sport, but in 2002 it was
recognized by the establishment of the International Table Football Federation (ITSF),
whose main mission is to promote table football as a sport and also to be included
among the Olympic disciplines in cooperation with the International Olympic
Committee and the International Sports Federation [1].

2. Developed solutions

In the last few years, this area has grown significantly compared to the following years
(Fig. 1). The quality has improved, whether in the case of a software or hardware
solution. Much of the solution was developed on the grounds of universities around
the world in order to prepare final theses at various levels of study.
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Figure 1. Timeline of developed solutions, Source: Own research
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One of the first robotic table football (RTF) solutions was developed at the University
of Freiburg in Germany. The aim of the game strategy is to take pictures of the playing
area with a high-frequency camera located above the playing area, which captures the
position of the ball and also the position of the players. The entire cycle in which this
detection takes place takes 20 milliseconds. This time includes data processing and
system feedback [2]. However, the disadvantage of the camera being located above
the playing area is the possibility of the player shielding the ball during the game.
However, this problem has been solved by assigning the last known position of the
ball to the nearest player in this case and then placing all players in the field in the
basic position as at the beginning of the game. In 2005, this mechanism and design
were modified by Gauselman AG to a subsequent form (Fig. 2), where the designers
focused mainly on safety when manipulating in the playing field [3].

Figure 2. Final form of RTF from Gauselman AG, Source: [3]

Constructed RSF at the Ecole polytechnique fédérale de Lausanne in Switzerland by
students and teachers can be divided into two parts. The first version dates from 2013
and was made by a pair of Martin Savary and Cyril Picard, which focused mainly on
the dynamic movement of the axis. The first servomotor is located to the sliding axis,
is connected by a belt to a gear wheel and is thus connected to a fixed table structure.
A sliding support is connected to the belt, on which the second servomotor is placed.
The position of the ball is detected by a camera located at the bottom of the table [4].
However, the pair of designers did not focus on detecting the opponent's position in
this solution.

The second version from 2016, in which student Léo Sibut and Dr. Christophe
Salzmann, has been improved with greater speed and accuracy. This pair was the first
to come up with a solution for detection using laser sensors, and their game strategy
was supplemented by the detection of the opponent's position. The principle of
detecting the position of the game axis is to detect two distances. At the end of each
opponent's axis, there are snail-shaped plastic handles. The front of the shaft is flush
and level with the first laser sensor. The detected distance does not change during
rotation. However, due to the rotation between the sensor and the handle, the distance
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measured by the second sensor changes. The difference between these distances
determines the angle of rotation, which can be calculated based on the pitch of the
shaft [5]. Linear motion is controlled by dynamic motors with an accuracy of less than
1 mm and can generate acceleration of up to 9g, which means that they provide much
higher speeds than a human player can. The rotary motion is taken care of by a rotary
servomotor. The detection of the ball is provided by a camera, which is located under
the playing surface of table football. The camera detects a colored ball visible through
the transparent playing field and can produce up to 300 frames per second. (Fig. 3)
With the help of these images, the system evaluates and processes its own image and
with the help of lasers that detect the opponent's position, the system evaluates, based
on the obtained data, the best way to score to the opponent's goal [5].

Figure 3. EPFL - Robotic table football, Source: [5]

Among other universities, we have the Technical University of Denmark, which
officially ended the development of the RSF in 2007. The project was fully functional
and ready to compete with a human opponent. The table has all four axes automated
on one side. The drive is provided by two rotary motors located on one side of the
table. One motor provided linear motion and the other motor rotary motion.
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Figure 4. RSF made at the Technical University of Denmark, Source: [6]
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In Figure 4 we can see that the whole structure is massive and heavy. The general
principle of the solution of this type of RSF is very similar to the solution given by
the University of Freiburg. It is also a camera located above the playing area, which
captures the position of the ball. The camera used in this solution sends images
to a computer at a rate of 25 frames per second. Until this time, the data processing
time is already included. The aim of this solution was mainly simple assembly
and disassembly of the whole system. According to the available information, this
whole solution is able to compete with a human opponent [6].

The Department of Cybernetics and Artificial Intelligence at the Technical University
in Kosice (TUKE) in the years 2012 - 2014 participated in the production of a smaller
version of robotic table football. Even since the technical means for making the RSF
are not a cheap affair, TUKE provided material for the production and modification
of table football for only two-game bars. The RSF model is located in the main TUKE
building in the 1.9-536 / A laboratory (Fig. 5). The construction is very similar to the
model from Denmark. The camera is placed above the playing area and captures the
ball. Servomotors are located on the two-game bars, which perform sliding and at the
same time rotary movement. This whole system is complemented by a computer,
which controls the modified rods using an algorithm and moves them so as to prevent
the opponent from scoring and at the same time to place the ball in the opponent's
goal. Since the playing area is much smaller than the usual one, the game runs very
fast [7].

Figure 5. RSF model at TUKE, Source: [7]
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3. Prons and cons of developed solutions

The above-mentioned descriptions of robotic table football point to what needs to be
done for their creation and implementation. Everything has its advantages
and disadvantages, and this certainly applies to the mentioned developed solutions.
One of the first disadvantages would certainly be the load of the RSF scanning camera
in Freiburg. The speed at which the camera processes the acquired images decreases
due to a large amount of received data. This reduces the response speed of the control
system itself. The Technical University of Denmark provided us with a very similar
solution to the University of Freiburg. As a clear disadvantage of the models at the
universities of Freiburg and Denmark, we would definitely include a camera located
above the playing area. Since the axis of rotation has two positions, the camera cannot
recognize whether the player is pointing down or up. In this case, the control system
must assume that the player's position is downwards, thus preventing the ball from
passing, although in reality, it may be the other way around when the ball has no
problem passing through the player (Fig. 6).

Figure 6. Ball in line with a player, Source: [8]

EPFL in Switzerland has developed two solutions. While in the first solution they did
not focus on the detection of the opponent's position, in the second solution they
improved it by laser scanning of his position and also increased the speed and accuracy
of the whole system. I consider it a great advantage that the camera is placed under
a transparent playing field, so the problem that was mentioned in the model of
a university from Denmark does not arise. Last but not least, a model made on TUKE,
which shows that one can invent in every adverse situation. The fact that the funds
provided were not ideal did not stop the students from bringing the model to the final
version. Although it is a model with a camera located above the playing area, in this
case, I see as a clear advantage the determination of students to reduce the playing
area, to deal with the design and development of the algorithm and especially to adapt
their capabilities to what was provided [9].
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Conclusion

Based on these developed solutions, we learned how robotic table football works and
described ways to perform automation of table football, the use of drives, control unit
and all components that are needed for the implementation of robotic table football.
We have given several examples of developed solutions, their shortcomings
and, conversely, their benefits. Every year, robotics and automation move forward by
leaps and bounds, so in terms of future prospects, it is necessary to focus on current
technological procedures and innovations in individual areas. It is important to focus
on creating the right algorithm, choosing the right control unit and choosing the right
camera. The pace set by the industrial revolution has become more and more
unstoppable, and the future of robotic football at such a pace may not seem one-sided
due to technological innovations that appear periodically in the fields of automation
and robotics.
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