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Fieldbus Controlled Table Football Robot
Based on FPGA Technology

INTRODUCTION

In order to demonstrate the performance capability of
modern freely programmable circuits or FPGAs (Field
Programmable Gate Arrays), the Laboratory for Motion
Control and Digital Signal Processing at Cologne University
of Applied Sciences, headed by Professor Jens Onno Krah,
has developed a table football game that is automated on
one side.

EBV Elektronik was a partner in the project. The mechanical
structure of the football robot was produced by the Faculty
of Information, Media and Electronic Technology, which
was deliberately given an open design in order to ensure
a high degree of transparency. The conception, wiring and
programming were devised and implemented by three dis-
sertation students.

HOW THE TABLE FOOTBALL
ROBOT FUNCTIONS

The traditional pitch, a green-painted wooden board, was
replaced by transparent, impact-proof 8 mm frosted security
glass. Lighting was implemented below the football game
using white ADJD-WD20 ‘JukGaRak’ LED modules provided
by Avago. This enables a camera to detect the yellow foot-
ball from below using a tilted mirror. Once the ball has been
detected, it is identified on the service monitor as a red dot.
Image-processing algorithms calculate the co-ordinates and
the speed of the football, which are then sent via UDP broad-
cast to four EBV Elektronik DBC2C20 Altera-Cyclone-lI-FPGA
development boards using a G-bit Ethernet switch. Each of
these boards controls the two servo drives of one axis of the
football game. One motor positions the players while the
other is used to turn the players, i.e. to enable them to kick.

This is an innovative solution due to the freely program-
mable FPGAs that are used, instead of dedicated integrated
circuits. The Ethernet Media Access Controller, a 5-in-1
Ethernet package from MaCo Engineering, the EtherCAT and
CANopen field bus activation, as well as the processor are
coded in VHDL (Very High Speed Integrated Circuit Hardware
Description Language) and therefore form part of the FPGA
configuration. A 32-bit, 50 MIPS NIOS®ll processor with
on-chip cache memory (2 kB data and 8 kB instructions) is
configured. As part of the Segger EmbOS real-time operat-
ing system, this processes both the playing strategy and the
activation of the servo drives using the field bus activation.
The programs are translated with the NIOS-II-GNU-C cross

compiler from Altera, within the Eclipse IDE development
environment. The goalkeeper is moved with an iron-free
linear drive from Danaher Motion using an EtherCAT field
bus connection. The two defenders are activitated by two
KEB servo drives using CANopen, the five mid-field play-
ers by Beckhoff servo drives using EtherCAT. CANopen and
Lenze servo drives are used for the strikers.

The various servo drive systems were provided free-of-
charge by the manufacturers. It is also impressive that the
EtherCAT master was implemented for the first time on an
embedded system with soft-core CPU rather than on a PC.
A fifth FPGA development board counts the goals scored
and displays them on the connected 8.4-inch TFT screen.
Light barriers are installed in both goals for this purpose,
for which the criterion ‘behind the line’ counts. The goal also
counts if the ball rebounds onto to the pitch. The game lasts
until one team has scored 10 goals.

The game strategy is simple and yet effective, as each
football axis plays independently. The behaviour depends
solely on the position of the ball. If the ball is directly in
front of a player, it is kicked in the direction of the opposing
team’s goal. If it is not possible to reach the ball between the
football axis and the opposing team’s goal, the appropriate
figure is positioned at ball level with the aim of blocking. If
the game algorithm detects a ball position between the foot-
baller’'s axis and the opposing team's goal, the player’s feet
are raised, thus making room for a goal to be scored.

In the first version of the table football robot, it was possible
to win against the football robot thanks to the slow image
processing of only 20 images per second.

All statements are without any engagement. Subject to modifications and amendments.



The standard camera has now been replaced by a Pike high-
speed camera produced by Allied Vision Technologies. Via I Firewiire =
a fire-wire interface, up to 70 colour images with 640x480 T‘TZ“S?L‘,’,"S‘“ IEEE 1394b Imagies:::?mq
pixels can be processed per second. The fire-wire driver, a Ball postion - UDP Data Frame
Windows proprietary driver which is all-purpose but too X, Y, VX, VY (mm or mm/Cycle)
slow, was replaced by installing a fire package. Fast Ethernet GBItSETe;net
The table football game, which is unique in its technical
implementation, can be seen regularly at EBV Elektronik 2 —
trade fair stands. (\] MAC - MAC
5 NloS I1° | = S Nios 1 | =
= Soft Core | ¢ - Soft Core | ¢
© CPU S © CPU S
TECHNICAL DETAILS 5 3 5 3
g Eclipse E g Eclipse g
The central control unit is the DBC2C20 development board 5 b g GNuc |«
produced by EBV Elektronik: e © MAC
Hardware
e Cyclone Il FPGA from Altera® with 20,000 logic elements CANopen® EtherCAT®
* 16 Mbytes SDRAM
e 8 Mbytes flash
e 2* Ethernet PHY (fast Ethernet & EtherCAT) Either the EtherCAT or the CAN configuration is used on the four FPGA deve-
¢ Fieldbus transceiver (CAN) ::7;7(:151;1:: boards. The 'C' for the NIOS Il is adapted to the four different drive
e 'Glue Logic’ and 1/0
FPGA configuration with IP-Cores (intellectual property)
e NIOS Il soft core CPU 50 MHz cycle frequency NIOS Il Software
from Altera fast configuration with 2 Kbytes e emBetter TCP/IP protocol suite,
data cache and 8 Kbytes instruction cache Steinbeis Transfer Centre, Lorrach
e 5-in-1 Ethernet Media Access Controller from e EtherCAT master with 2 ms cycle time,
MaCo Engineering, Karlsbrunn Cologne University of Applied Sciences
e CAN (IP core) from IFl, Wertheim e CANopen activation, event-controlled,
e EtherCAT (IP core) from Beckhoff, Verl Cologne University of Applied Sciences

PC Pasition
UD# Brosdoast
Mz Rane
Wislon
WS W White
LED Modules
= B m | @ ! !
W
E & ¥ ¥
CANopen Servo Drives CAMapen \S-N.'n I:lriu:-:./
DERC2CHD
Altera Cyclone 2 FPGA
Ewaluatice Baard

Schematic structure of the EBV kick robots: the four kicker axes are activated by eight industrial servo drives.
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