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Abstract

This paper describes the design and implementation
datus of the ISePorto robotic footbal team for
participation in Robocup Middle Size League (F2000).
The objectives guiding the project were the
goplications and research in hybrid control and
coordination sysems. The sysem has dso an
educationd support role. A specid attention is made to
the custom design to dlow the execution of complex
manoeuvres and team coordinated behaviours. The
robot has different pass, shot, and manoeuvre
capabilities providing high leve tacticd and drategic
planing and coordination. The current team atus is
also covered.

1 Introduction

The ISEP Autonomous Systems Lab. (LSA) robotic
footbal team provides an excellent tool to develop and
demondrate the research in the areas of interest
associated with autonomous systems. These are mainly
sensor fuson, mobile robotics navigation, nonlinear
hybrid feedback control and coordination. Additionaly
to the research interests, the laboratory has a strong

educational purpose, being the robot team a good
support to curricular and extra-curricular work in the
areas of mechatronics, eectronics and embedded
systems.

The remaining of the paper overviews the robot design,
the control and navigation issues, coordinaion and
drategy guiddines finishing with the current team status.

2 Robot Design

The team robot was designed and implemented from
scratch in order to be a suitable testbed for advanced
multirobot coordinated control. The mechanicd design
has taken in account the requirements to execute
complex manoeuvres and therefore not posing harsh
limits on the control, navigation, or coordinaion
developments.

The robot is condituted by three parts a circular
mobile base, a kicker connected to a structure that
rotates around a centrd vertical axle and on top a
computationa an dectronics module fixed redively to
the base with a pan mounted camera The system is
mechanicdly modular; it can be used in different
configurations, such as different kicker designs with the
same base. The base contains two differentia traction
24 V DC motors with optical encoders for motor
control and vehicle odometry, two 12V lead acid



batteries, the kicker rotation motor and the motor
power drives. The kicker uses a DC motor and
mechanica spring with a camber and was designed to
alow different kick strengths ranging from small passes
to goa shots. This, coupled with the rotation alows the
robot to perform complex manoeuvres.

The main computational system is condgts of a 5.25”
SBC (ICP NOVAG00 with an AMD K6-2 300MHz
or ICP NOVA7896FW with a 900Mhz Celeron) and
IDE 24Mb Flash disk. Each robot communicates with
the team and the host visudisation computer by an
ethernet wirdess modem (OTC AirEsy2405 a 2.4
GHz), to be changed to new modems compliant with
|[EEE 802.11.

The motor control is made in a custom designed multi-

axis control board, comprisng a FPGA (FLEX

10K10) and dedicated microcontroller (T89RD2). It

communicates with the main CPU trough a PC104
connector (ISA bus). The PC104 form factor reduces
gze and it is a rdiable connection system. The board

implements 4 axis PID control & 2 KHz (traction,

kicker rotation and shot), receiving encoder informeation
and providing a Sgn magnitude PWM control sgnd to
the power drives. Additiondly, this board interface a
magnetic compass (Vector 2X), and an optical switch
to calibrate the angle of the rotating kicker with respect

to the robot base.

The onboard computer runs a Linux operating from the
flash disk, with a modular and hierarchic threaded
software architecture [3], [4].

3 Vision System

The vison sysem uses two USB cameras (Philips
PVC740K with a new wide angular lens from Marshall
Electronics optics). One mounted on a central pan unit
and used mainly for long range vison and locdisation
and the other fixed to the kicker to be used for fine ball
control.

Vision data

_______ A
Request

Vision System Sensor Manager

Object detection

Color classification

Hardware

Figurel - Vison sysem architecture

The man characteridic of our vison system is the
ability to perform afast globa andyss of the dl image
in order to decide where to conduct a more detailed
one. An additional improvement is accomplished with
the integration of the prediction the landmarks in the
grabbed image or where the camera should point.
Additionally the robot has a cusom developed ring of
IR range measuring sensors for short distance obstacle
detection (up to 0.8m) and a magnetic compass.

4 Localisation

In the Robocup to achieve good team play capabilities,
is required agood robot localisation and control.

Besdes the robot self-localisation it is aso necessary to
perform adequate ball (and if possble other players)
localisation.

The bl postion estimation uses a Kaman filter tanking
in account the robot mode and the information
receéved from the vison sysem. Adgptive bal
detection agorithms are used for different cases of ball
position and occultation in the image.



Figure 2 - Different bal postion and partid view within
the image frame.

An updated bdl pogtion esimate is maintained in the
robot internal state.

Ball
Detection

X Xball ref. robot (timage)
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Figure 3 - Bdl localisation process.

The sdf-locdisation is manly done by the fuson of
vision measures of world landmarks (gods, corner and
ground marks), interna sensors (odometric  and
magnetic compass) and externa vison measures, usng

Kamen filtering methods We plan to test fuson

agorithms based in covariance intersection [6].

Furthermore, each robot have a world state with some

knowledge of position, attitude and his derivatives, with

some uncertainty messure for al the game moving
objects. This is accomplished with distributed sensor
fuson, where the vison sensors play a key role in

sensing. Also, a digtributed dynamic camera dlocation

and managing is under study.
In the presence of communications problems, the

desired information must be percaived individualy by

each player. In the last case, in spite of an obvious

degradation of the world modd, some team
coordination must be accomplished by the percelved
information of our robots.

5 Control

The motion control architecture approach [1] is based
in aomic parameterised hybrid feedback controller,
dso known a manoeuvre. These controllers
incorporate both continuous and event driven
feedback. This gpproach involves the atomic
parameterised hybrid controllers synthesis. A set of
manoeuvres solving specific classes of motion problems
is defined and implemented. These ae classfied
according to the patterns of the associated congraints
and objectives. Those manoeuvres are the resources to
the coordination level. The sets of manoeuvres that are
being synthesised are:

Motion without ball:
- Moveto location avoiding obstacles
- Block goa path
- Approach bal with defined attitude
- Moveto maximise target vison information
Goa keeper block goa path

Coordinated robot and kicker motion:
- Smooth bal reception
Ball guidance:
- With robot rotation around ball centre
- Sraghtline
- Curve
With directiond shoot and defined strength
- Interception and kick
- Laterd passwith kicker rotation



Figure 4 - Robot photo

In the following figure overdl

architecture is presented.
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Figure 5 - Robot subsystems

6 Coordination Strategy

The team game evolution is coordinated in Structura
way [2], [5], by defining the tactical function (god
keeper; defence; middle field; attack) for each robot
.The robot adopts the corresponding tactica policy
accordingly to its perception about the companions in
the fidld. The player has one main place in the overdl
Srategy (as consequence of its tactica podition), but
this can be reconfigured dynamicaly. Only one robot
has the possibility to adopt the goa keeper position.

The ovedl drategy solution results from the
compoasition of the decisions taken in a distributed way
by the operationa robots in the fied. The andyss of
the vectors. game phase, bal possession and current
topology formation in conjunction with the current
robot game role and its perceived topologica position
determines the coordination level for each robot. An
evauation of the next action to be taken is made by the
maximisation of hypothes's success.

The coordination levd is implemented by a modular
and didributed controller synthess trough the
composition of discrete observers (corresponding to
the andyds vectors) and a discrete controller
parameterised by the adopted tactical functionaity

7 Current Team Status

We have afull team plus a spare robot ready. We have
dable versons of the axis control, motors power
drives, compass, kicker control, power distribution,
and power monitoring boards. The old NOVA-600
SBC are being replaced by the new NOVA-7896FW
boards, and anew IR range finder ring isin find tedts.



8 Conclusions and Future Work

The robotic soccer team | SePorto design is presented.

This complex mobile robatics is a mativating example
to the research and development of control and
navigation. The control and navigation architecture for
the robots is described.

This hierarchic architecture entalls the use of hybrid
control automata in order to achieve complex
behaviours.

The coordination and game drategy issues are aso
referred.

The team datus is ill a an initid development stage,
with a vast number of areas to be developed. In these
we could name the other players locdisation, game
datus observer development, team topologica
formation classfier, additiona control manoeuvres and
game control/API software development.
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