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Abstract. This paper documents the current technical situation and
upcoming changes at B-Smart’s hard- and software in the near future.
As an overview, existing systems and their principles will be outlined
briefly, whereas most texts concentrate on planned and already com-
pleted modernizations since summer 2006 [1].

1 Introduction

B-Smart is a project for students in the advanced study period at the Universitit
Bremen. The team is competing in the RoboCup Small Size League, a mechan-
ically simplified but fast and tactically challenging version of robot football.
After the RoboCup world championship in 2006, the project was re-launched as
a sequel to several similar named projects. B-Smart takes part in world cham-
pionships since 2003 and hopes to improve its best ranking, which was reaching
the quarter-finals in 2005.

2 Hardware Architecture

2.1 Mechanical Design

Resulting from the need of several reconstruction issues, we decided to rebuild the
chassis and most parts of the kicking units. For that reason, everything described
here is currently in development and might differ from the final version being
used in the competition.

Chassis The chassis is used to hold all other components and also works as
heatsink for the voltage converter. It consists of two laser-cut aluminum plates,
which are connected by the four motor mounts (c.f. fig. 2). The top plate serves
to hold the electronic tower, which consists of several different electronics boards.
To carry the electromagnets for normal and chipped kicks, the bottom plate is
caved in the middle.

The robot chassis has a diameter of 176mm and a height of 145mm.
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Fig. 1. The current B-Smart robots with old top covers. See 3.3 for the new ones.

Kicking system The kicking system consists of the main kicker (c.f. fig. 3),
which is designed for hard forward shooting, and the chipkick, which allows the
ball to be kicked over a defense line of opponent robots. Both kicking systems
have their own electromagnets. The magnet of the straight kick has a maximum
stroke of 17.2mm and hits the ball directly, the chipkick magnet (with a stroke
of 12.3mm) has the same construction (pushing) and lifts the chipkick shovel by
pushing it down on the other side like a compensator over two joints.

The mechanical changes necessary for the new chipkick and dribbler have
reduced the amount of space inside. Because of this, we have replaced the coil
for the straight kick with the above-mentioned electromagnets. In the course of
this all the data for the chipkick’s coil also had to be reviewed.

In the meantime we are experimenting with the current kicking module, the
straight kick electromagnet, in order to optimise the distance between the kick-
inghead and ball, to find the best setup. Eventually both kicks will be executed
by two capacitors with 5000uF, each loaded at about 100V — 400V, depending
on how the robot has been adjustmented. Using this, the ball reaches speeds of
up to 10m/s, allowing for proper gameplay but also high-speed shooting in case
of a shot on goal.

Since we still want to be able to make passes, the power of the straight kick
can be adjusted by the software. This is done simply by adjusting the voltage,
which is induced from the

capacitor to the electromagnets, shortening the time the capacitor’s voltage
is induced into the electromagnet. Unfortunately, at this time we cannot make
any further specifications about the chipkick because it is still in development.

Driving system The Driving system is based on four wheels with 36 sub-
wheels mounted on each of them. The wheels are actuated by four Faulhaber
23425006CR. DC-Motors, powering the gearbox that consists of only two spur



Fig. 2. 3D CAD figure of the B-Smart robot’s base

Fig. 3. 3D CAD figure of the main kicking system



Fig. 4. 3D CAD exploded view of the driving system

wheels. These form a transmission ratio of 10 : 1 achieved by a small gear with
ten teeth and a big gear on the wheel-axis with 120 teeth (c.f. fig. 4).

Besides the good results, the arrangement of the wheels led to some worries.
The best solution we found was an angle of 90 between the wheel axes. Unfortu-
nately, the kicking device in the front part of the robot prevented us from using
this angle. We have chosen an angle of 45 to the roll-axis of the robot for the
back wheels and an another one of 53 for the front wheels. This setup leaves
enough space for the kicking system.

For the sake of completeness we mention that a motor with attached encoder
is about 53.7mm long. The two front motors are placed near the groundplate
while the rear motors are located under the top chassis plate, because we were
not able to put all four motors at the same level without violating the diameter
rule.

Dribbling system The last system is a dribbling device (c.f. fig. 5) for the
robot to handle the ball in-game. This dribbling system consists of a rubber
cylinder made out of foam rubber with a grade of 15 Shore. This foam rubber
was punched out in rings which were slid on the dribblers axis, which is driven
by a Faulhaber 2224U006SR DC-Motor.

To comply with SSL rules, the dribbling system and the chassis conceal only
15 percent of the ball.

2.2 Electronic Design

The electronic design consists of four major parts: The Fozboard for high-level
control and communication, the Rabbitboard for low-level motor control and sen-
sory usage as well as the Motorboard for actually driving and monitoring the four
attached motors via H-Bridges (VNH2SP30). The fourth part is the Kickerboard,
which is used for for activating the shooting-mechanism.

This modular design gives us the opportunity to switch damaged devices fast,
an advantage not just usable for competitions. Furthermore the error-detection
is more accurate, because checking just one of four parts is faster and not as
error-prone as a complete system check.



Fig. 5. 3D CAD figure of the dribbling system

For communication with the control software we use an embedded Linux
device - the Fozboard (http://www.acmesystems.it). This development board
includes a USB controller to which a USB WLAN adapter is attached.

The Rabbitboard is controlled by an Atmegal28, which controls the speed of
the four motors using a PID control loop at 100Hz, continuously monitors all
important hardware states and manages the activation of the kicking device. To
control the battery voltage, an Attinyl3 is placed on the board, which detects
the voltage and communicates via the SPI interface with the Atmegal28.

To improve the kicking, we decided to integrate a light barrier. It detects, if
the ball is in a position to be kicked. This is controlled by a second Attiny13
which sends an interrupt to the Atmegal28.

For a better control of the wheelspin, we also integrated a gyroscope and
an accelerometer. These two chips are also be connected via the SPI interface.
We are just working on the software for integrating them which will grant an
automatic way to adjust the PID values.

The Rabbitboard and the Fozboard communicate with each other over a serial
interface.

The Kickerboard basically consists of two parts: A supercharger for loading
the capacitor and an actuator for releasing the power via time triggered IGBTs.
The capacitor is currently charged to a maximum of 100 Volts, but we are
working on an improved version with higher voltages.

3 Software Architecture

3.1 Communication

We use UDP multicast sockets for communication between the system compo-
nents. This allows to start the programs on different computers without changing
parameters and work in small groups in the same physical net without influenc-
ing each other.



Fig. 6. A robot without cover.

The robots receive their commands via WLAN IEEE 802.11b. Current devel-
opment tries to speed up the communication and explore more failure tolerant
systems as the b-standard WLAN may be disturbed on RoboCup events too
easily.

In the future, arbitrary information (e. g. acceleration and rotation) should be
sent by the robot to adjust mechanical parameters, improve position prediction,
and simplify debugging. Additionally, a webserver on the robots should host an
interface to control the robots directly and manipulate robot specific parameters
as every robot has its own physical behavior slightly different from others.

3.2 Behavior Control

To control the robots on the field, we use the Extensible Agent Behavior Spec-
ification Language (XABSL) [2] to make decisions in the B-Smart Agent. The
potential field approach [3], which has been used during the past years, is kept
since it complements the new architecture with its abilities of continuous mo-
tion planning and action evaluation. A new component is a planning system for
offensive situations. Both easily integrate into the XABSL framework.

XABSL XABSL is an XML based behavior description language and can be
used to describe behaviors of autonomous agents. It simplifies the process of



specifying complex behaviors and supports the design of both very reactive and
long term oriented behaviors. It uses hierarchies of behavior modules that contain
state machines for decision making. XA BSL has been successfully applied in the
Four-Legged league by the GermanTeam [4]. The usage of XABSL grants a good
overview to the available behaviors and also offers extended debugging features.

Behaviors are specified in a C-like programming language and transformed to
an intermediate code which is interpreted by the XABSL engine. This shortens
the compile time of the system, allows more effective behavior development, and
gets very handy when changes have to be applied in the halftime of a running
game.

Plan Execution System In offensive situations, the standard behavior control
can be interrupted by a plan execution system. This offers more tactical decision
capacity during the game. Especially in conjunction with improved passing abil-
ities through hardware enhancements (see 2.2), this system should improve the
cooperative gameplay, based on Plays as Effective Multiagent Plans Enabling
Opponent-Adaptive Play Selection [5]. The system works in two steps.

The Strategist is a GUI-based stand-alone tool (c.f. fig. 7) which offers the
ability to define game situations and connect them with proper actions for the
team. Figure 7 shows the visualization in the Strategist. To each area, different
constraints may be added to define at what situation a specific plan should be
chosen. These definitions will be saved into a XML file which can be loaded by
the Coach component.

The Coach component is realized as a module in the B-Smart Agent. If
our team is in ball possession, it searches for matching plans at runtime like a
case-based reasoner. When an initial plan step‘s invariant is satisfied, the Coach
“asks” a previously chosen set of Ezxperts to execute the plan or not. Their
opinion is based on the success of each plan in former situations.

Potential fields Artificial potential fields, originally developed by [6], are a
quite popular approach in robot motion planning, because of their capability to
act in continuous domains in real-time. Especially in the RoboCup domain, there
also exist several applications of potential functions for the purposes of situation
evaluation and action selection [7, 8]. In the B-Smart software, the movement of
an agent is influenced by artificial potential fields after a robot action has been
selected by the behavior control.

All motion behaviors are mostly based on the standard motion planning
approach by [6]. Some of the main extensions are the integration of relative
motions that allow the robot to behave in spatial relations to other objects, e. g.
to organize in multi-robot formations, and the implementation of a path planner
to avoid local minima.

Assigning force fields to single objects of the environment allows avoidance of
obstacles and provides an approach to reach desired positions e. g. near the goal.
Nevertheless, moving to more complex spatial configurations, e.g. positioning
between the ball and the penalty area or lining up with several robots to build
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Fig. 7. GUI of the Strategist

a defense line is not directly possible. Therefore a technique, quite similar to [9],
has been integrated to map complex spatial configurations to potential fields.

Due to the increasing robot speed, it will probably soon be necessary to
extend this approach for a more anticipatory obstacle avoidance. For example
force fields could be influenced by the movement of an object.

3.3 Vision

As almost every team in SSL, we use a global vision system. Pictures from two
AVT Marlin F046C fire-wire cameras are combined to provide an internal world
model to other software components. Therefore, simultaneous threads read, con-
vert, process and provide the image data in a modular vision framework.

New features are currently implemented to improve the quality of the world
model data. One of these will be a chipkick detection in the way the FU-Fighters
[10,11] team introduced it. We are currently trying to adapt this solution to
improve our chances against strong teams with sophisticated chipkick modules.

Another already built feature is a more flexible module for the computation of
the camera perspective. With this module we hope to reach more independence
from a good camera position for the object recognition to work. Theoretically,
it might now be possible to place cameras on lower angles than the standard 90
degrees without losing possibility to recognize all objects.



Fig. 8. Latest cover of B-Smart robots

Additionally, a shading correction was implemented that adjusts the color
of the blue and yellow blobs on the robots. The results are uniform blue and
yellow color values independent of the robots position on the field. This method
decreases problems with dark edges and static shadows.

A new concept of top cover profiles improves the detection of the robots.
The orientation as well as the identity of a specific robot is now detected more
accurate and reliably. The circular cover (c.f. fig. 8) consists of four colored areas
of the same size. The order of the colors (black, white, magenta, green) encodes
the ID, whereas the black field is located left of the front to detect the robots
orientation. Furthermore to ensure a reliable detection of the blobs center a black
ring separates the four fields from the blob.

3.4 Driving Dynamics Prediction

Due to the fact that there is a significant delay between sending commands to a
robot and seeing the corresponding movement on the field, prediction methods
had to be implemented to improve the driving capabilities. To cope with this
issue we use an approach by [12] to reduce the control delay. This is done by
utilizing multi-layer feed-forward networks for prediction. After recording an
example data set with typical driving commands, the network can be learned
using the RPROP algorithm [13].

3.5 Simulation

Our old simulator - based on the Open Dynamics Engine - simulates the robot
as one rigid body using ODE motors controlling the speed in world coordinates.
This gives good performance but ignores several effects, e.g. friction between
subwheels and ground.



1500

T
robot position
racing line ----++-

1000

500 |

y-position (mm)

-1000

1500 L L L L
-3000 -2500 -2000 -1500 -1000 -500 0

X-position (mm)

1500

T
robot position
racing ling «---+-+-

1000 —

500 |- N I

y-position (mm)
)
T

-500 [

-1000 q

1500 L L L L L
-3000 -2500 -2000 -1500 -1000 -500 0

x-position (mm)

1500 T

T
robot position
racing line ----+-+

1000

500 |

y-position (mm)
o
T

-500 |

-1000

-1500 L L L I I
-3000 -2500 -2000 -1500 -1000 -500 0

X-position (mm)

Fig. 9. Comparison between a real robot (top), the ODE-Simulator (middle) and the
new Neuralsim (bottom). Task in all three measurements was to drive a star shaped
figure whereas the edges are arranged in 45 degree angles. You can see the far more
realistic simulation with the new Simulator compared to the old one.



Being aware of the significant differences between the simulated movements of
our robots and the behavior in reality, a new simulator based on neural networks
has been developped (following the idea of [14]).

The neural networks used for the simulation are created from a logfile con-
taining the world model and the commands sent to the robot for each frame.
The logfile should contain records of a robot moving in all directions at different
speeds. Using this log data, we train the network.

Additionally to the more realistic behavior, we could also bridge the delay
from the captured picture to the robot with this simulation. This was ignored
within the old ODE-based simulator. This is because the last 10 driving com-
mands and robot parameters are given as input to the networks.

Of course this method is not a perfect solution and there are still problems
to solve, especially as the quality of the simulation is significantly influenced by
the provided log data.

A comparison of the driving behavior in the two simulators and on a real
robot is shown in fig. 9.
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