Particle Filter-based State Estimation
in a Competitive and UncertainEnvironment

Tim Laue Thomas Rofer
Universitat Bremen DFKI-Labor Bremen
Fachbereich 8 Mathematik/ Informatik Sichere Kognitive Systeme
EnriqueSchmidtStralie 5 EnriqueSchmidtStralie 5
Bremen, Germany Bremen, Germany
Tel.: +49 / (42})1 218 64 209 Tel.: +49 / (421) 218 64 200.
Fax:+49/ (421)i 218 9864 209 Fax: +49/ (421) 218 9864 200.
E-Mail: timlaue@informatik.unibremen.de E-Mail: Thomas.Roefer@dfki.de
Acknowledgements

The authors would like to thank the Deutsche Forschungsgeamaft (German Research Agency) for

supporting this wor k t MCooparagve MaobieeRobpts inglarnnic vy pr o
Environment§ as wel | as$r anhsrroeuggithontahe Col | ab Gpatat i v e R
Cognitiord .
Keywords

Robotics Noise,Modelling.

Abstract

In this paper we present the application of particle filters for state estimation on a humanaid robot
These filters are used for sédfcalization and ball tracking in a competitive soccer scenaging

robots with limited perceptual and processing capabilitesne extensions have been applied to the
basicalgorithms to adapt them to the special naddhkis domain which is a subject of high noise and
dynamic changedDifferent experimentshave been carried out to confirm the applicability #mel
precision of theapproach

Introduction

The RoboCupinitiative is an international joint project to proteaartificial intelligence and robotics.

It is an attempt to foster Al and intelligent robotics research by providing a standard problenawhere
wide range of technologies can be integrated and examined [1]. The RoboCup domain is divided into
several diffeentcategorieaand leaguesThe approaches described in this paper have been afijied
RoboCup Soccer Humanoid Kidlize League in which teanf humanoid robots play soccer against
each otherTwo important suliasksin this domain(among stable walkingaction selection, and
severabthers)are the estimation of the own pose as well as the estimation of the position and velocity
of the ball.The main source of information about the environmeintfar our applicatiori a camera

insi de t paatilt headSeuverdl properties of this sep letaccuratestate estimation become a
challenging task:

1. The robotds field of view is | imited and onl
once.

2. All perceptions are noisyerceiving false positivas also possible

3. Imperceptible changes of the environment may occur, e.g. a replacement of the ball or the
robotsby a referee.

4. The computational resources are limited, but data needs to be processedinmerealeact
successfully on changes of thevieanment caused by the opponent team.

One widespread approach for robot state estimation isMinete Carlo Localization[2]. This
probabilisticalgorithm approximatea statdoy maintaininga set of hypothesedenotedasparticlesas
well as samplesThe appoach is able to deal withoise andhontlinear changes of the environment
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(e. g. ki crebstikidnapaihg .)Biffeemtimg@lementations of this algorithm have been used
for localizationby several RoboCup teams befoeey.by [3].

In this paer, we describis applicatioron thetwo abovementioned estimation tasksthe humanoid
soccer scenarjaealized on the robots of theHluman team [&]. A closely relatedapproach for
humanoidselflocalization hagecently been published by [6], Wever using a robot with superior
perceptual capabilities. A sophisticatedut for out application demanding too high computational
effortsi approach for tracking a ball in a soccer environment was presented by [7].

By using extensions] of the basidVlonte Carlo Localizatiompproachwe show that it is possible to
compute sufficiently accurate estimates even on platform with comparably low perceptual capabilities
The results of our robot experimemtscumentthe precisiorof the approackandits peformance in
dynamic situations.

This paper is organized as follows: First, we describe the scenario to which this work applies to, i.e.
the environment as well as the robots and their perceptual capabilities. Thereafter, a short introduction
on the MonteCarlo-Localization algoritm and its extensions is giveihis is followed by the
description of their adaption and application to this doniBi® papeis concluded by a presentation

of experimental results.

Fig. 1: a) A robotof the BHumanteamin detail. b) A scene from a robot soccer match

The Domain of this Research

As aforementioned, this work is settled in a competitive robot soccer scenario. This section gives a
short introduction into the RoboCup Soccer Humanoid &itk League andescribes our robots and
their perceptual capabilities and limitations.

The RoboCup Soccer Humanoid KidSize League

In this RoboCup league, two teams of two robots each play against each otherimrxa.dmlarge
soccer field. To reduce complexity focomputer visionall elements of the environment are celor
coded: the ball is orange, one goal is yelland theother goal is blue. In the corners of the field,
additional beacons for localization are placed. The floor is an even green carpet withhitedéeld
lines (see Fig. 1At specified positionsr'o avoid disturbances with this color scheme, all robots have
to be mostly black.

! For 2008, it is intended to enlarge the field to 7.4m x 5.4ndto increasehe number of players to three per
team.



One match consists of two halves, 10 minutes each. During this time, the robots operate completely
autonomously, no huam intervention is allowed. Thalayers carto communicate with each other,
but additional external control computers are forbidden.

The Humanoid Robots

The robots have a maximum height of 60and must have human proportiofifiis means that they

have towalk on two legs and fulfill a set of constraints regardimg, their center of mass and the
size of their feet. Special devices for holding or kicking the ball are not perntitteztnal sensing is

only allowed via cameras; active senssush adase range finders are not allowed.

For our research, we used the robots of odduBhan team, which participated iRoboCup
competitions in 2007; @ of these robots is shown in Fig. 1a. Each rabetjuipped witi20 servo
motors (6 per lego allow omnidirectional walking gaits3 per arm, and 2 in a pdilt unit which
carries the head). The total heigfitthe robot is 48cm; its weight is 2.5kg. It is based upon a Bioloid
construction kit whichalreadyincludes a microcontroller for controlling the semwmtors. The main
software runs an on a PDA (FujitSiemens Pocket LOOX 72@hat has128 MB RAM and an
XScale processor with 520 MHZ hese are quite limited processing capabilities, but still allow
runningthe cognitive parts of the software (includingion, the localizationalgorithms presented in
this paperand action selection) with 15 Hz and the motion control 8ftiiz.

T h e R oPeroeptbasCapabilities

Our robotds only external sensor i s a eaathater a i n
has been lead outside the case. This camera provides 15 images per second with a reg#0tgn of

240 pixels; its opening angles are ¥#5by 34.8°. This is a quite limited field of view, apparenin

Fig. 2.To keep track of the owposeasw e | | as of the ballds position,
constantly ly the pantilt unit. Currently, many teams avoid this problem by usiageras pointed at
omnidirectional mirrorgthatprovide a field of view of 360 or a set of cameras pointingdifferent

directions. Having these perceptual capabilities, localization becomes trivial. But thekanmam

like solutions will be disallowed in the future. The solutions presented in this paper anticipate these
changes.

The vision software runningxahe PDA is able to extract some basic feattiraiprovide the base for

the localization algorithms. These features (i.e. the ball and significant points on the field) are depicted

in Fig. 2.Their recognition is baseah the detection ddignificant cdor changesn the picture Since

the camerads perspective is known, it i s possi |
belong to the field and thogkatd on 6t (e. g. spectators). Neverthel
positions relativao the robot is subject to heavy noise, since the camera is on top of a walking (and
shaking) robot.

Fig.2Two i mages fr om t hdrawingslndhe tinagescdepicepereeived Slenams
of the environment: orange circles for balls, widtgs for field line elementgndyellow and blue
dots for the lower edges of goals.



