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1 Introduction

In this paper we present the state of the development of the Team Zadeat, after
a year of being engaged in RoboCup’s Standard Platform League. The most
important milestone in the last year clearly was the participation in RoboCup
2008 in Suzhou, where we could make first experiences of the stability of the
hardware platform, and the bunch of problems that exists beyond our own soft-
ware project. The bottom line of the state of the team Zadeat is that we actively
started our cooperation over the quite long distance between the tip of Africa
and central Europe.

The achievements we made during that year, besides providing the ground
for a research cooperation on an administrative level, are, that our robot control
software framework Fawkes is up and running, and that low-level modules for vi-
sion and object detection as well as localisation are prototypically implemented.
As soon as the new hardware platform will be available, we will concentrate
on the motion design of the robot. The integration of these patterns into the
software will be rather easy as one focus of Fawkes lies on the execution and
monitoring of basic behaviours. Besides a brief report on what we achieved so
far, we also want to give some outlook on future work here. Our research inter-
est are on combining logical reasoning with reactive control mechanisms on the
robot platform.

2 The Team

Active team members are (in alphabetical order): Alexander Ferrein, Tobias
Kellner, Greaeme McPhilips, Stephen Marais, Tim Niemiiller, Anet Potgieter,
Chritof Rath, Gerald Steinbauer. The working group consists of the Knowledge-
based Systems Group of RWTH Aachen University [1] with their RoboCup team
“AllemaniACs” [2], the Institute for Software Technology from Graz University



of Technology [3] with their RoboCup team “Mostly Harmless” [4], and the
Robotics and Agents Lab at the University of Cape Town [5]. In the following,
we give a brief overview of the different institutes working in this research co-
operation: The Knowledge-based Systems Group focuses, among other things, on
intelligent high-level control of robots and agents acting in dynamic domains.
With their team “AllemaniACs”, the group participates in RoboCup tourna-
ments in the Middle-Size League, the 2D and 3D Simulation League, and in
the RoboCup@Home League since 2003. Notable results were achieved in the
RoboCup@Home league with 1st places at the 2007 and 2008 German Open,
the 2006 and 2007 RoboCup World Championships, and a 2nd place at the
RoboCup 2009. The Institute for Software Technology is engaged in the field of
intelligent robust control of autonomous systems with a best paper award re-
ceived for their robotics research in that field [6]. Their team “Mostly Harmless”
participates since 2003 in the Middle-Size League, but also in 2D Simulation
League and in RoboCup@Home. Furthermore, the institute organised the Aus-
trian RoboCupJunior participation in RoboCup 2007 and 2008. In 2007 the
RoboCup@Home team came second at the German Open. The Robotics and
Agent Research Lab at the University of Cape Town is engaged in hardware de-
velopment and control of all kinds of different robots. Current projects include
inter alia rescue and duct inspection robots. Also small-size robots have been de-
veloped, though, they did not participate in international RoboCup tournaments
up to now. Moreover, there is experience with the development of autonomous
agents in the field of sensor networks including RFID tags and video surveillance,
social networks, and gaming.

3 The Fawkes Framework

The experience of around six years of RoboCup participation were amalgamated
into our new software framework Fawkes. This new framework, which will also
be deployed for the AllemaniACs Middle-size robots, aims at providing a light-
weight, fast, and easy-to-use software framework for mobile robots and agents.

Besides general software characteristics with features such as providing a
(robot) hardware abstraction, being extensible and scalable, causing a limited
run-time overhead, or a proper documentation, we particularly set our goals to
providing tools and methods for controlling robots with today’s hardware spec-
ifications. Some of Fawkes’ design ideas are given in the following: (1) Multi-
Threading. The system is designed with modern multi-core CPUs in mind. Mul-
tiple threads have to be able to process data in parallel. (2) Data Transport. A
corner stone for a software architecture is the way different components commu-
nicate with each other. We decided to use the blackboard architecture, where
different components write to a central storage system via well-defined inter-
faces. It has proven to be easy to use, fast, robust, and easy to monitor and
log, because all the important data is stored at a single place. Other compo-
nents can access the information in the same well-defined way. The blackboard
is realised by shared memory segments. (3) Program Flow. One of the major de-



cisions made was to eliminate the former multi-process architecture and replace
it with a single-process multi-threaded environment. Especially since the advent
of multi-core CPUs with reduced power consumption it was a hard criterion to
exploit this with a massively multi-threaded architecture. Experience has shown
that most of the computational work is done in a sequential recurring loop at
least roughly following the classical sense-think-act cycle. But within one of the
sequential step the work can usually be done in parallel. (4) Runtime Recon-
figurability. For an efficient development environment components must be able
to be loaded and unloaded at runtime. It avoids the need to reload the whole
software every time, possibly going through lengthy (hardware) initialisation. It
also allows to exchange components with similar functionality for easy testing.
(5) Script-based Behaviours. As mentioned in the introduction, an important
topic in robotics besides the low-level system of a robot is behaviour control.
This ranges from reactive components controlling execution of a certain sub-
task like locomotion to a specific destination to deliberative agents planning the
overall strategy for the robot. The experience with behaviour programming in
the past has shown, that C++ is not a suitable language for this task. In the
future the scripting language Lua with its run-time system is used to ease this
task.

4 Future Work

4.1 High-level Reasoning and Reactive Behaviours

One accepted paradigm for the high-level control of autonomous mobile robots
is the paradigm of knowledge-based AI. Many successful applications prove the
usefulness of this class of approaches to exhibit goal-directed and intelligent be-
haviour of a mobile robot. The robot is equipped with a program which allows
for goal-directed behaviours. Some approaches rely on programming techniques
such as [7,8], other approaches combine programming with planning (delibera-
tion) algorithms (e.g. [9, 10]). These approaches have in common that the robot
has a representation of the goal which it should fulfil. These methods often make
use of logical formalisms to represent the goals of the agent or robot and to rea-
son about the world the robot is acting in. On the other side of the spectrum
are behavioristic approaches following the lines of [11-13]. These approaches are
mostly biologically inspired, and the idea is that intelligent behaviours emerge
from the system. Unlike the knowledge-based approaches has the single agent
no representation of the overall goal, goal-directed behaviours emerge from the
acting of the single robots without a particular representation of the goal. The
advantage of these approaches is that they are more reactive as they do not rely
on a complex reasoning machinery. Finally, for many applications, where knowl-
edge about the application domain exists, it seems to be beneficial to make use
of it. Here, the representation of the domain knowledge in the reactive decision
mechanism (e.g. state machines, Bayes nets) will improve the behaviour of a sin-
gle agent; seen from a different perspective can behavioristic techniques also be



beneficial for logic-based high-level control strategies of a robot as they improve
the reactivity of the decision-making.

We aim at studying the border line between both approaches and how both
worlds can be connected with each other. In particular, we aim at extending the
logic-based robot programming and planning language Readylog [14, 15] with re-
active approaches. Readylog was developed as the high-level control language for
robots acting in dynamic real-time domains like robotic soccer. While until now
the focus of the development of Readylog was on deliberative decision-making,
we now want to integrate behavioristic methods into the robot programming and
planning framework as a means to approach reactive control. First ideas how de-
liberation can be brought together with reactive control were already presented
in [16]. In a recent paper we presented how fuzzy control techniques could be
integrated into the logical formalism of the situation calculus [17]. Along these
lines, the combination of reactive control and deliberation seems to be possible.

4.2 Improved Odometry

Another important aspect we will work on in the next season is to provide the
Nao with a more accurate odometry. A precise odometry can form the foundation
for a improved self-localisation and can be used for better low-level behaviours
like ball dribbling. The idea is to investigate and evaluate the potential of the
sensors of the Nao in a first step. We believe that the build-in sensors like the
gyros and the accelerometer can be used to estimate the motion of the robot.
In order to evaluate the performance of the sensors we plan extensive motion
experiments with the robot using a high-precision three-dimensional tracking
system. The collected ground truth data will be the basis for the evaluation
of the sensors itself and will be used as a test suite for the odometry methods
we will develop. In a second step we will use the collected data to develop an
improved version of the odometry. In particular we have two ideas how we can
tackle the problem to estimate the motion of the robot based on the data form
the robots internal sensors.

The first idea is to use techniques from machine learning in order to learn
the odometry. In detail we have to learn a mapping between the inputs of the
sensors and the true motion of the robot recorded in the tracking experiments.
In previous work we obtained very good results in the prediction of time series
using biologically inspired neural networks [18]. An import question we have
to answer in this context is, if we are able to learn a good general odometry
suitable for a greater population of Nao robots. Here we have to keep an eye on
the generalisation capabilities of our used learning methods. The second idea is
to use technique from signal processing. Because of the nature of a humanoid
robot like the Nao we expect that the signals form the sensor will be noisy and
uncertain. For instance we expect spikes in the signal of the accelerometer if
the robot puts a foot on the ground when taking a step. We will work out how
filtering techniques from the domain of signal processing can improve the quality
of the data provided by the sensors.



4.3 Self-Localisation and Object recognition

A precise estimation of the position of the robot itself and the other objects like
the ball in respect with the field is a very important requirement for a good
robot soccer game. Because of the computational restrictions and the different
kinematic of the Nao robot we have to adapt our methods for self-localisation
and object recognition we have developed for our teams in the middle-size league.

Therefore, we will work on two aspects in this context. The first aspect is to
provide the computer vision module with a good estimation of the position and
orientation of the head of the robot which carry the camera. Such a good estima-
tion of the posture of the camera enables a precise mapping of the coordinates
in the camera image to the coordinates in the real world which is used in object
recognition and self-localisation. For this estimation we will develop a method
which is based on an inverse kinematic model of the robot and estimation of the
position where the feet of the robot touch the ground.

Moreover, we will work on a computational inexpensive self-localisation ap-
proach feasible for the Nao. The idea is to use mainly pose tracking with Kalman
filter instead of the more expensive particle filter. For the required measurement
or update step of the filter we will adapt the ideas of scan matching previously
used in localisation approaches using laser range finder [19]. In combination with
the improved odometry we believe that this computational cheaper method will
be accurate enough for an autonomous soccer game. For the initial estimation
of the pose we work on a triangulation-based approach.

5 Conclusion

In this paper we briefly described the work done so far as well as sketched some
ideas for future work. While some of the work will be finished until the next
RoboCup 2009 in Graz, other projects have a longer horizon. The practical im-
plementation work of the Fawkes framework done so far as well as the planned
improvements on the odometry and the localisation and object recognition are
due to the next tournament, while the combination of reactive control and delib-
eration are longer term funded research projects. With this very brief overview
of the state of the development and the future research directions we presented
a programme for the next two to three years. With it we hope to have shown
our sincere interest to further participate in the Standard Platform League.
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