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Abstract 

In this paper we present the application of particle filters for state estimation on a humanoid robot. 

These filters are used for self-localization and ball tracking in a competitive soccer scenario using 

robots with limited perceptual and processing capabilities. Some extensions have been applied to the 

basic algorithms to adapt them to the special needs of this domain which is a subject of high noise and 

dynamic changes. Different experiments have been carried out to confirm the applicability and the 

precision of the approach. 

Introduction  

The RoboCup initiative is an international joint project to promote artificial intelligence and robotics. 

It is an attempt to foster AI and intelligent robotics research by providing a standard problem where a 

wide range of technologies can be integrated and examined [1]. The RoboCup domain is divided into 

several different categories and leagues. The approaches described in this paper have been applied the 

RoboCup Soccer Humanoid Kid-Size League in which teams of humanoid robots play soccer against 

each other. Two important sub-tasks in this domain (among stable walking, action selection, and 

several others) 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 environment is ï for our application ï a camera 

inside the robotôs pan-tilt head. Several properties of this set-up let accurate state estimation become a 

challenging task: 

1. The robotôs field of view is limited and only a section of the environment can be perceived at 
once. 

2. All perceptions are noisy, perceiving false positives is also possible. 

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

robots by a referee. 

4. The computational resources are limited, but data needs to be processed in real-time to react 

successfully on changes of the environment caused by the opponent team. 

One widespread approach for robot state estimation is the Monte Carlo Localization [2]. This 

probabilistic algorithm approximates a state by maintaining a set of hypotheses, denoted as particles as 

well as samples. The approach is able to deal with noise and non-linear changes of the environment 
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(e.g. kicked balls or ñrobot-kidnappingò). Different implementations of this algorithm have been used 

for localization by several RoboCup teams before, e.g. by [3].  

In this paper, we describe its application on the two above-mentioned estimation tasks in the humanoid 

soccer scenario, realized on the robots of the B-Human team [4,5]. A closely related approach for 

humanoid self-localization has recently been published by [6], however using a robot with superior 

perceptual capabilities. A sophisticated ï but for out application demanding too high computational 

efforts ï approach for tracking a ball in a soccer environment was presented by [7].  

By using extensions [8] of the basic Monte Carlo Localization approach, we show that it is possible to 

compute sufficiently accurate estimates even on platform with comparably low perceptual capabilities. 

The results of our robot experiments document the precision of the approach and its performance 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 Monte-Carlo-Localization algorithm and its extensions is given. This is followed by the 

description of their adaption and application to this domain. The paper is concluded by a presentation 

of experimental results. 

 

a)   b)   

Fig. 1: a) A robot of the B-Human team in detail. b) A scene from a robot soccer match. 

The Domain of this Research 

As afore-mentioned, this work is settled in a competitive robot soccer scenario. This section gives a 

short introduction into the RoboCup Soccer Humanoid Kid-Size League and describes our robots and 

their perceptual capabilities and limitations. 

The RoboCup Soccer Humanoid Kid-Size League 

In this RoboCup league, two teams of two robots each play against each other on a 5.7m x 4.4m large 

soccer field
1
. To reduce complexity for computer vision, all elements of the environment are color-

coded: the ball is orange, one goal is yellow, and the other goal is blue. In the corners of the field, 

additional beacons for localization are placed. The floor is an even green carpet with wide white field 

lines (see Fig. 1b) at specified positions. To avoid disturbances with this color scheme, all robots have 

to be mostly black. 

                                                      
1
 For 2008, it is intended to enlarge the field to 7.4m x 5.4m and to increase the 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 human intervention is allowed. The players can to communicate with each other, 

but additional external control computers are forbidden. 

The Humanoid Robots 

The robots have a maximum height of 60cm and must have human proportions. This means that they 

have to walk on two legs and fulfill a set of constraints regarding, e.g., their center of mass and the 

size of their feet. Special devices for holding or kicking the ball are not permitted. External sensing is 

only allowed via cameras; active sensors such as laser range finders are not allowed. 

For our research, we used the robots of our B-Human team, which participated in RoboCup 

competitions in 2007; one of these robots is shown in Fig. 1a. Each robot is equipped with 20 servo 

motors (6 per leg to allow omni-directional walking gaits, 3 per arm, and 2 in a pan-tilt unit which 

carries the head). The total height of the robot is 48cm; its weight is 2.5kg. It is based upon a Bioloid 

construction kit which already includes a microcontroller for controlling the servo motors. The main 

software runs an on a PDA (Fujitsu-Siemens Pocket LOOX 720) that has 128 MB RAM and an 

XScale processor with 520 MHz. These are quite limited processing capabilities, but still allow 

running the cognitive parts of the software (including vision, the localization algorithms presented in 

this paper, and action selection) with 15 Hz and the motion control with 50 Hz.  

The Robotôs Perceptual Capabilities 

Our robotôs only external sensor is a camera inside the head. We use the PDAôs original camera that 

has been lead outside the case. This camera provides 15 images per second with a resolution of 320 by 

240 pixels; its opening angles are 45.1° by 34.8°. This is a quite limited field of view, as apparent in 

Fig. 2. To keep track of the own pose as well as of the ballôs position, the camera needs to be moved 

constantly by the pan-tilt unit. Currently, many teams avoid this problem by using cameras pointed at 

omni-directional mirrors (that provide a field of view of 360°) or a set of cameras pointing in different 

directions. Having these perceptual capabilities, localization becomes trivial. But these non-human-

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

changes. 

The vision software running on the PDA is able to extract some basic features that provide 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 based on the detection of significant color changes in the picture. Since 

the cameraôs perspective is known, it is possible to differentiate between features which actually 

belong to the field and those that donôt (e.g. spectators). Nevertheless, the computation of the feature 

positions relative to the robot is subject to heavy noise, since the camera is on top of a walking (and 

shaking) robot. 

   

Fig. 2: Two images from the robotôs camera. Some drawings in the images depict perceived elements 

of the environment: orange circles for balls, white dots for field line elements, and yellow and blue 

dots for the lower edges of goals. 


