
Tech United Team Description 

G. Hommen, B. J. S. v. Putten (eds.) 

Technische Universiteit Eindhoven 
PO Box 513, 5600 MB Eindhoven 

     The Netherlands 
http://www.TechUnited.nl 

TechUnited@tue.nl 
 
 

Abstract. Tech United is the Robocup Middle Size league team of the 
Technische Universiteit Eindhoven. The team is set up mid 2005 and has 
successfully competed in the 2006 Robocup World Championship. This paper 
provides insight in the hardware and software structure of the team’s robots and 
describes recent developments in the field of automation, vision, sensor fusion, 
ball handling, and shooting. With the described and many other small but 
significant changes, the team aims to improve their soccer playing abilities for 
the 2007 Robocup World Championships in Atlanta.  

1 Introduction 

Tech United is the Robocup team of Technische Universiteit Eindhoven (TU/e) 
that participates in the Middle Size league. The team is set up mid 2005. After only 
one year, the team competed in the 2006 Robocup World Championships [1]. Team 
Tech United now consists mainly of MSc, BSc and PhD students of Technische 
Universiteit Eindhoven.  

 
This team description paper is prepared based on the status of Tech United in 

January 2007, as part of the Qualification package for the World Championships 2007 
in Atlanta. The paper describes the most significant advancements with respect to the 
status as described in our 2006 Team Description [1]. 

 
After a short introduction of the hardware and software structure of the robots, a 

number of recent developments are covered. These include the TURTLE Remote 
Control (TRC) user interface, the improved and automated vision calibration, the 
improved sensor fusion, the new ball handling and shooting hardware, and the 
development of a multi-body simulation environment. 

2 Mechatronics: the TURTLE platform (overview) 

Tech United developed the TURTLE (Tech United RoboCup Team Limited 
Edition) platform; a closed-box, modular robot platform allowing independent 
development activities on different aspects of the robot. The platform consists of the 
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modules omni-wheel motion platform, ball handling and kicker, signal acquisition 
(TUeDACs), notebook and omni-vision camera, as shown in Figure 1. This modular 
approach has allowed Tech United to quickly comply with the requirements of 
competing in the Middle Size league. In its first year, the team competed in 
Roboludens 2006 and the 2006 Robocup World Championships in Bremen.  

 
 

 
Figure 1. Overview of the TURTLE platform 

 
The power and drive module is a three wheeled omniwheel motion platform, 

driven by three 150 W motors. The power supply consists of two 24 volt batteries, 
placed in the lower module to obtain a low center of gravity. On top of the motion 
platform, a ball handling and kicking mechanism is mounted. Recently, the pneumatic 
kicking device [1] has been replaced with an electromagnetic solenoid kicker. For 
improved ball handling, a system based on actively rotating wheels has been 
developed. The kicker and ball handling devices, developed in both BSc and MSc 
projects, is discussed in more detail in Section 5. The signal acquisition and 
processing module contains two TUeDACs MicroGiants [2], providing the interface 
between the laptop and the various actuators and sensors. The MicroGiants are 
connected to the laptop via a standard USB port. The omnivision unit, consisting of a 
camera and parabolic mirror, is located on top. 

3 Software Architecture 

For proper functioning of the TURTLEs, software has been developed to smoothly 
handle parallel tasks like image processing, action planning, team communication, 
motion control and ball handling. An overview of the different modules that make up 
the TURTLE software is shown in Figure 2. 

 
The process controller, implemented in the TURTLE Remote Control (TRC), is at 

the head of the software tree, deciding on role assignment for all TURTLEs and 
providing the interface to the user. The process controller can run on any laptop; 
TURTLE or coach.  
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Figure 2. Software structure overview 

 
Two main modules can be distinguished in the individual TURTLE software; 

vision and motion, both implemented in Matlab/Simulink. The vision module is the 
nerve center of the TURTLE. It is responsible for team communication, gathering 
world information through the various sensors, action planning, path planning and 
task execution.  

 
The motion module takes care of smoothed motion control, ball handling and 

shooting. A recent addition to this module is the sonar (ball) sensor. This allows short 
range, high speed and accurate ball tracking, useful for quick and agile ball handling.  
 

As part of the software development, a shared memory infrastructure has been 
created that lets all TURTLEs and coach applications share the same data. It consists 
of a single multi-server host application that handles all incoming memory read/write 
actions over TCP/IP. Both a C-API and a Matlab-API are provided at the client side 
to access the shared memory pool. The C-API is used by the TURTLEs, and the 
Matlab-API is used by the tuning and monitoring applications outside the field. 
Locking of shared memory variables is provided for the purpose of atomic read/write 
cycles. On top of this shared memory infrastructure, a Matlab toolbox for task 
management is built to effectively mimic multi-threaded applications under Matlab. 
The latter is heavily used in TURTLE Remote Control. 
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The TURTLE   software runs on a real-time Linux distribution using a standard 
small-size notebook and communicates with the sensors and actuators through 
standard PC interfaces (USB, IEEE1394). Own developments in software 
infrastructure include improved real-time components for USB as well as the 
architectural framework for the process controller. Parts of the software are 
implemented in a high-level modeling environment (Matlab), other parts are written 
in C.  

4 TURTLE Remote Control 

A useful tool during development is the TURTLE Remote Control (TRC). From 
this Matlab application, the TURTLEs can be fully controlled and monitored. It 
features all necessary tooling to calibrate, tune, monitor, and operate the robots. The 
graphical user interface of the TRC is shown in Figure 3. 

 

 
Figure 3. The TRC control panel 
 
The starting and stopping of the robots can be done either individually or 

simultaneously. Monitoring features for the individual TURTLEs include laptop 
battery status, electronics battery status, instantaneous power consumption, CPU load, 
memory use and motor status. The motor and battery status monitoring functions are 
based on a Velleman K8055 USB experimenting kit with specially adapted drivers for 
use in the TURTLEs. This helps detecting power related problems during 
development and competition. 
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A powerful development tool integrated in the TRC is the Greenfield which is a 
real-time graphical representation of a TURTLE’s momentary world model as seen in 
Figure 4. Combined with vision monitoring, which provides real-time video streams 
from every TURTLE, this provides insight in the behavior of the robots and facilitates 
fast analysis of behavior routines.  

 

 
Figure 4. Greenfield 
 
Other TRC features include: starting the autonomous mirror and color calibration 

and the ability to give refbox commands to test match situations. The high level of 
integration of all necessary tools speeds up both development and game setup. 

5. Multibody simulation 

A rigid body dynamic simulator is being developed using the Matlab library 
SimMechanics. From this application, the strategic behavior of the TURTLEs can be 
tested and tuned before being applied to the soccer game.  Simulations are visualized 
using the greenfield. 

 
To simulate the robot soccer game, kinematic and dynamic relations for the 

TURTLEs and the ball have been derived. Special attention is paid to collision 
detection and reaction, since no surface modeling is possible in SimMechanics. 
Useful strategies to treat collisions are either a spring-damper approach, or the use of 
an impulse force. An advantage of the first approach is that during the collision the 
change of the velocity is continuous, which is less problematic for simulation than the 
discontinuous change obtained by an impulse.  
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6 Vision to motion: sensor fusion 

Although the TURTLE is, like many robocup designs, based on the proven 
concept of omnidirectional vision, the implementation used is unique to Tech United. 
Whereas most teams use camera vision as the main position sensor for their motion 
loop, the TURTLEs rely on encoder signals for their position information. The vision 
data is only used to update the position when a periodic check reveals the position 
error has surpassed a given threshold. The use of encoder signals instead of vision 
algorithms allows for superior speed and accuracy of movement [3]. 

 
A key element of robot vision is color calibration. The ability to identify obstacles,  

the goals, and the ball heavily relies on accurate color information. Challenges are the 
low contrast colors like black and blue and spatial as well as temporal light intensity 
variations. Color classification is done in the YUV space, based on a lookup table in 
which polygon shaped volumes are stored that mark colors as shown in Figure 5a. 
These color volumes are currently manually identified using the color calibration 
utility in the TRC. Presently, automatic color calibration that is robust against light 
intensity variations is under development. 
 
 

 
 

Figure 5. a) Color segmentation b) Vision mapping 
 

For localization purposes, each TURTLE calibrates its camera and mirror 
individually. Considerable effort is directed to reduce the influence of color 
calibration. The calibration of green and white, used in the detection of field-lines, is 
avoided by observing fast changes in light intensity instead. Along several “search 
directions”, the intensity peaks are marked as candidates for line-points. Line points 
are detected in the camera image and via a parameterized mapping fitted to a field 
map, as shown in Figure 5b. From this fit the robot’s center point is derived, the red 
cross in Figure 5b. Manufacturing tolerances may cause this point to be slightly ‘off 
center’. Correcting this offset by manually placing the robot center, the white cross in 
figure 5b, compensates for any errors. This method is robust against field size 
variations, simply by scaling of the camera mapping algorithm [3]. 
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Object detection is performed with a guided grid search for specific color labels, 
followed by a blob-growing algorithm to detect object size. In the current set-up, this 
allows real-time ball tracking, object recognition and line identification. 

 
The recent addition of an electronic compass reduces the influence of color 

calibration. By providing constant directional information combined with position 
data and knowledge of field dimensions, the position of both goals can be determined 
without color recognition in the vision algorithm. Blue and yellow therefore no longer 
need to be recognized or calibrated. This also paves the way for netted instead of 
colored goals.  

7 Ball handling developments 

The pneumatic ball kicking device [1] is being replaced by a solenoid based kicker. 
The solenoid kicker is driven by the 24 volt batteries, which eliminates the need for 
additional air tanks. An electric scheme is developed that provides the possibility to 
kick the ball at various speeds. Instantaneous adjustment of the ball kicking speed is 
used for passing purposes. Optimization studies are performed to shape the solenoid 
such that the kick is most energy efficient with the smallest possible dimensions and 
weight. With an adjustable kicking ‘leg’, both straight and drop shot kicks can be 
performed. The kicking leg can be adjusted autonomously by decision of the strategy 
through an electric signal of the TUeDACs MicroGiants. 

 
For ball handling and dribbling purposes, a system based on two rotating wheels is 
developed. The wheels are velocity controlled and are activated based on the ball 
tracking of the sonar sensor. The velocity control adjusts the speed of the wheels by 
the local velocity of the TURTLE while dribbling, thus handling the ball while 
maintaining its natural rolling direction. The orientation of the wheels makes sure the 
ball is always centered in front of the kicking device. Ball contact sensors indicate the 
ball possession even when the sonar or vision sensors do not see the ball. 

8 Conclusion 

Compared to the status as described in [1], Tech United has made significant 
progress with respect to automation, streamlining, sensor fusion, and ball kicking and 
handling. These and many other small but significant developments add up to a 
stronger Robocup Middle Size League team. 
 

Although only in competition for one year, Tech United has managed to compete 
already in the 2006 World Championships and aims to improve its soccer playing 
ability this year. The efficient, modular approach in both hardware and software has 
allowed the team to keep up a very high rate of development resulting in robust and 
competitive robots.  
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