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Abstract

One of the reasons for organizing robotic games is that they allow researchers to
evaluate their systems and approaches on a level playing field. This evaluation is
important in a quickly developing field such as robotics with few real world
applications. This paper investigates through a case-study how much participating at
the RoboCup-99 competition has benefited a MSc. student at the University of
Auckland. Although the participation was certainly stimulating, its influence on the
research was indirect. The paper makes a number of suggestions that will make it
easier to quantitatively evaluate research at these competitions and thus influence
research more directly.
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Abstract. One of the reasons for organizing robotic games is that they

allow researchers to evaluate their systems and approaches on a level

playing �eld. This evaluation is important in a quickly developing �eld

such as robotics with few real world applications. This paper investi-

gates through a case-study how much participating at the RoboCup-99

competition has bene�ted a MSc. student at the University of Auckland.

Although the participation was certainly stimulating, its in
uence on the

research was indirect. The paper makes a number of suggestions that will

make it easier to quantitatively evaluate research at these competitions

and thus in
uence research more directly.

1 Introduction

Robotic games are extremely popular. Apart from their entertainment value,
the ability to evaluate research progress and compare one's own approach in a
competitive environment against that of other teams is often cited as one of the
reasons for organizing competitions.

However, there is only anectodal evidence of the impact of robotic games on
research programmes.

This paper describes the experiences of a student, Nicholas Hildreth, partici-
pating in the RoboCup robotic soccer competitions and how they in
uenced his
research in path planning for mobile robots.

Section 2 gives a short introduction to the All Botz, the University of Auck-
land RoboCup team. The adaptive path planner is brie
y introduced in section 3.
Section 4 discusses how the robotic games were used to support the empirical
evaluation of the adaptive path planner. Section 5 summarizes the paper and
suggests some ways in which robotic games could have better supported the
evaluation of our research.

2 History of the All Botz

Nick's �rst experience with robotics was when he took the graduate course on
\Intelligent Active Vision" at the University of Auckland starting in February
of 1998. The course description of this paper reads as follows:



Control of autonomous mobile agents in a realistic, dynamic, and uncer-
tain environment. It covers a variety of di�erent areas including robotics,
planning and machine learning.

The paper was o�ered for the �rst time and things were a bit chaotic. We used
remote controlled toy cars for the practical work in the paper, since there was
insuÆcient funding to purchase a \real robot." We designed and built parallel
port interfaces to the remote control transmitters so that the cars could be
controlled from a computer. Position and orientation information for the robots
are provided by a global vision system mounted on the ceiling.

It was a real eye opener to see how diÆcult it was to do even simple things,
such as driving a straight line, with these toy cars. However, the course turned
out to be very motivating in the end. The culmination of the project was a
race amongst di�erent groups of students, the so-called Aucklandianapolis. To
complete this challenge successfully, a team of students had to implement a
complete mobile robot system including video processing, path planning, and
path tracking control. Figure 1 shows our �rst mobile robot competition.

Fig. 1. The First Aucklandianapolis Competition

After the course �nished in June 1998, Nick started a project on the design
of an agent architecture for a mobile robot. The project resulted in some pre-
liminary work. However, at the same time, we learned about the PRICAI-98



RoboCup competition. Since we had had good success at the Aucklandianapolis
competition, we decided to extend the current architecture to create a team to
enter the competition. After having implemented a striker and a goal keeper, we
thought we were ready for the competition.

Two weeks before the competition, we found out that our toy cars were too
large. However, with luck we managed to buy some used smaller toy cars that
operated on the same frequency and could be controlled with the parallel port
interfaces that we had built.

After recalibrating the system for the new cars, we managed to be ready for
our �rst international competition. Our team consisted of only two players: a
striker and a goal keeper.

At the competition, we realized that our approach to the problem was di�er-
ent from that of other teams. The di�erence in hardware became apparent. The
All Botz were the only team that used non-holonomic robots and a camera that
is mounted on the side. All other teams used holonomic robots and mounted
the camera directly overhead. However, not all teams were following this trend
and had developed their own approach. For example, the CIIPS glory team from
UWA, Perth, was the only local vision team at the competition. It was interest-
ing to see the wide variety of approaches. Some teams focuses on the mechanics
on their robots, putting a lot of e�ort into the selection of motors and tires.
Other teams focused on the embedded controller and the electronics. The main
emphasis for these teams are additional sensors, such as ultrasound, infrared,
or even local vision. yet other teams emphasize the cooperation amongst the
individual players of a team.

At the competition, we noticed our path planner, an extension of Bicchi's non-
holonomic path planner ([1]), did not perform well in the dynamic environment.
Our robots would spent most of their time planning, but before the planner
would �nish, an object would move in the domain and the path planner hat to
be restarted.

One of the disappointing aspects of the games were the amount of set plays
that were used by some of the teams. Some teams spent a long time manually
positioning their robots for free kicks and other stoppages in play. This was
disappointing, since our main goal was to advance our research, not to take part
in a game of robot chess.

3 Adaptive Path Planning

The experiences at the PRICAI-98 RoboCup competition motivated Nick to
work on his Master's thesis and he chose the topic: \the problem of path planning

for car-like mobile robots in highly dynamic environments" [3]. This section is
a brief introduction into the basic idea behind adaptive path planning and the
methodology used for evaluating this research.

At the PRICAI-98 competition, we used a version of Bicchi's path planner
that was optimized for the RoboCup domain. This planner proved to be too slow
for a soccer game. On a Pentium 200MMX running the Linux operating system,



the planner would take more than one second to create a path. The level of the
competition in Singapore was such that the ball would rarely sit still for more
than a second, so that our path planner would spent a lot time replanning. In
few cases would it actually start executing a plan.

The main motivation for the adaptive path planner that he developed in his
thesis was the realization that:

{ Path planning is an expensive operation, so the result of this work should
be reused if possible.

{ The result or output of a path planner is a path
{ Assuming that changes in the domain are small between individual planning
episodes, the current plan will be structurally similar to the plan for the new
situation.

This motivation is similar to Hammond's case-based planning ([2]) with some
important di�erences. Firstly, case-based planning assumes that a plan database
exists with previous plans and that the most similar plan to the current situation
can be found by using a similarity metric. Secondly, the database of previous
plans needs to be maintained; new plans need to be added so they can be reused
in the future or old plans that are not useful must be removed. So, a lot of work
on case-based planning focuses on the design of suitable similarity metrics and
on database policies.

In adaptive path planning, we assume the existence of a albeit slow static
path planner that can be used to create an initial plan. The previous plan is the
most similar one to the current situation and that therefore, there is no need to
maintain a plan database.

At the heart of any path planner is the plan representation. A plan consists
of a sequence of path segments. Most other path planners use a representation
with di�erent segment types such as straight lines, turns to the left, etc. This
representation makes it diÆcult to adapt a path, since the adaptations will need
to be speci�c for a given segment type.

To simplify the adaptation, the adaptive path planner uses a uniform repre-
sentation for all path segments. Each segment contains the following information:

{ start point I
{ initial bearing �
{ length of the segment L
{ radius of the segment R
{ time limit to traverse the segment T
{ A possibly empty attachment A. An attachment is used to attach an object
to a path segment, so that if the object moves, all attached path segments
will move as well.

This representation, shown in Fig. 2, proved very useful, because plans in this
representation can be easily adapted to compensate for movements of objects or
goal locations in the domain.



ILocation:  Start point for segment

L: Length of segment
R: Radius of curvature
T: Time that segment is valid for
A: Attachment of segment

: Start bearing for segmentα
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Fig. 2. Path Description Language

Objects are attached and detached from path segments dynamically. If an
obstacle moves too close to a path, the path is split at the closest point to the
obstacle and a new segment is inserted which is attached to the object. As the
object continues to move the attached segment will move as well. Once the object
is too far from the path, the object is detached from the path segment.

3.1 Evaluation Methodology

Although an intuitive argument can be made for the advantages of the adaptive
path planner, to quantitatively evaluate the performance of such a path planner
is diÆcult. For example, it is also intuitive that an adaptive path planner will
perform poorly if there is no relationship between the current state and the next
state of the world.

Firstly, the adaptive part of the path planner is not complete, that is there
are situations in which the adaptive planner will �nd a suitable combinations
of adaptations to create a valid path, but such a path exists in practice. In this
case, the static path planner is called to create a new plan from scratch. This
usually occurs when the world state changed dramatically from the current one.
The worst case run-time of the adaptive path planner is thus worse than that
of the static path planner. The motivation is that for sustained planning, the
adaptive path planner can avoid calling the static path planner often.

It is true, that in principle any adaptive path planner that can delete and
insert segments into a plan can be converted into a complete path planner. In
the worst case, the planner would delete all segments from the path and then



start creating a new path from scratch. However, if this is done, the worst case
complexity would be similar to that of other static path planners. This would
be missing the point of an adaptive path planner completely. One would replace
one search problem with another one in a similar space. The main point is that
there is a small set of highly speci�c repair strategies that can adapt a path to
the new situation quickly. The success rate of these repair strategies must be
high and they planner must be able to apply them quickly.

This argument then relies on a sequence of path planning problems that
re
ect the dynamics of the application environment.

Through an empirical evaluation of a simulated world and a number of case-
studies, the evaluation of the adaptive planner shows that this set of adaptations
is suÆcient to �x a plan in most cases, yet small enough to not increase the
run-time of the path planner signi�cantly. The repair strategies have speci�c
pre-conditions, which when met result in the new path having a high chance of
being able to be completed.

However, the method used to create the random path planning problems and
case studies is under control of the designer of the algorithm to be tested. Even
with his best intentions, it is diÆcult to prevent subconscious assumptions from
entering both the design of the synthetic as well as the path planner. It would
be far more convincing to have a standard environment for mobile robots that
could be used to compare the di�erent path planning approaches on realistic
problems.

There are few real world applications for mobile robots that are convincing
and general enough to allow di�erent robots to take part in them. The state
of the art in mobile robots is currently a vacuuming robot that can maneuver
through an unstructured environment.

Therefore, it was decided that the research should be evaluated at the RoboCup
competition. The motivation was that a complex robotic competition is the next
best thing to an unbiased environment.

4 Evaluation at RoboCup-99

A prototype version of this path planner was �nished just in time for RoboCup-
99. It was the intention, that we would use the competition as an opportunity
to test the new path planner under real world conditions.

However, this turned out to be much more diÆcult than expected. The main
problem is that every team has only a few games and there was no opportunity
for practice games. The �rst few games were very important, so we used our best
path planner. For a proper empirical evaluation, we needed to play two sessions
against each team, one with the adaptive path planner and one with a standard
path planner.

Another disappointment was that the promised video tapes of our games
were not made available, so we had no possibility to view our games afterwards.

Nevertheless, the competition proved valuable, since we noticed some re-
curring patterns, which the prototype path planner was not able to deal with



eÆciently. After returning from RoboCup-99, we redesigned part of the path
planner and completed its implementation paying attention to the patterns that
emerged during the competition.

Figure 3 shows a case study of a situation that was inspired by the RoboCup
competitions. It shows how the adaptive path planner changes the path to com-
pensate for a moving ball and an interfering object.

Fig. 3. Case Study Derived From Observed RoboCup Competition

Furthermore, Nick gained some important information by talking to other
researchers at the competition and at the workshop. For example, Nick learned
about practical potential �eld path planning through informal discussions with
other teams. The most impressive performance was that of the Robotics team
from Korea, which showed the best control. The Robotics robots moved about
three times faster than the other teams.

Flexibility and robustness, obviously very important characteristics for a
robot to survive in the real world, have taken a back seat to special purpose solu-
tions. The RoboCup committee suggested that instead of every team mounting
their own camera, a high quality camera would be provided by the organizing
committee. All teams except the All Botz refused to even try the idea. One
team forced the organizing committee to repaint all playing �elds, since the cen-
ter line was 2mm too wide and they could not compensate for this change in
their software. Also, most teams did not switch sides at half time, since their
robots performed signi�cantly better on one half of the �eld than on the other.
Even during the RoboCup-99 �nals, teams remained on their own side.

5 Conclusion

This paper describes a student's involvement in the RoboCup initiative and the
in
uence that the participation at the robotic competitions had on his research.

The main impact that the competition had on his research were two-fold.
Firstly, experiences gained in the soccer games provided a better understanding



of the path planning problem in real-world situations. Secondly, it gave Nick an
excellent opportunity of discussing with researchers that were extremely familiar
with the issues.

The robotic games did not provide suÆcient opportunity to evaluate quan-
titatively the performance of the adaptive path planner. It would have been a
good idea to setup a special playing �eld so that teams can hold short practice
games.

Nick Hildreth has now completed his MSc. and is considering doing a PhD
in Computer Science.
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