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Abstract—This paper presents a ludic environment for learning
intelligent systems, based on programming soccer teams in the
Robocup competition. The environment developed by the faculty
group follows the rules of the RoboCup league, incorporat-
ing facilities for programming intelligent soccer players using
rules. This article describes the pedagogical environment and
the teaching experience since 2001 in the Telecommunications
Engineering School from the Polytechnic University of Madrid
in the subject of fifth course “Laboratory of Intelligent Systems”.
In conclusion, the approach has promoted the recreational
interests and participation of students, that should face practical
resolution of complex issues such as managing coordination,
noisy environment, as well as dealing wih proactive and reactive
behaviours.

I. INTRODUCTION

Changing the curriculum for the European Space of Higher
Education is a challenge regarding how the learning process
of students is managed.

In this article, we present our experience with a playful
approach in the soccer domain. In addition, we present a
software library developed for teaching purposes.

The RoboCup competition [9] is an international project to
promote artificial intelligence, robotics and related fields to
be held since 1997 and with several categories, for teams of
programs and machines (robots) to play soccer.

The RoboCup competition offers a very interesting envi-
ronment for experimentation with a complex simulator, able
to perceive and act in real time. It provides an excellent
resource for experimenting with distributed decision-making
and coordination techniques in a competitive environment.

The article shows how a ludic learning strategy can result
in an incentive and stimulus for learning and, at the same
time, this strategy can facilitate the understanding of complex
concepts, through a combination of experimentation and team-
work in a complex domain.

The learning environment Robocup GSI [5] has been used
in the Telecommunications Engineering School of the Uni-
versidad Politécnica de Madrid since 2001 in the subject of
Intelligent Systems Laboratory. In particular, it is used in the
last assignment, which is the largest and where students can
select from a range of available assignments about multiagent
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systems.. The assignment using the library-Robocup GSI has
been selected every year by at least one third of the students,
although it is an assignment that requires great dedication.

The rest of the article is structured as follows. The sec-
tion II makes an introduction of the Robocup competition.
Then the section III presents the teaching strategy followed
and the skills we want students to acquire. Next section IV
presents the functionality offered by the library GSI-Robocup.
Then section V we present the lessons learnt based on our
teaching experience. Finally, section VI presents the general
conclusions of the article and our lines of work.

II. THE ROBOCUP COMPETITION

The Robocup competition [1] is an international project
to promote artificial intelligence, robotics and related fields.
The competition takes place since 1997 in various categories,
where the objective is to program intelligent systems that play
soccer.

One of the categories of the RoboCup is the simulation
league, which has leagues in two and three dimensions.

This article focuses on the league simulation in two dimen-
sions. The simulator of the RoboCup is a distributed system
whose architecture is shown in figure 1. The central element
is the simulator (RoboCup soccer server) [2], which acts as
a server and performs the soccer simulation. Along with the
server, it is distributed a program that displays the game in
two dimensions (RoboCup soccer monitor), and there are other
monitors available in three dimensions.

Communication between the simulator and the clients is
done via sockets UDP / IP, making it easier for players to
be programmed in any language. Players on teams acting as
clients, once connected to the server, receive and send sensory
information to control each player commands (move a distance
in one direction, shoot with a certain strength, etc.)..

The simulator can use a manual or automatic trainer, and
defines rules on the duration of the game, outside game, or
number of parties and duration of each. Furthermore, define
rules of conduct, to prevent massive sending of orders to the
server

Agents have three types of sensors: auditory, visual and
corporal. The ear sensor transmits the audio messages of
the coach, the referee and other players on your team. The
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Fig. 1. Robocup Simulator Architecture

simulator limits the hearing of the players to avoid excessive
use of this facility and receive messages only if both are less
than a threshold. The visual sensor periodically reports on
objects the player sees as well as their relative position to
the player.

Objects can be the goal line, other players and the ball.
The player also has a vision that depends on his position in
the field and the position of his head. In order to introduce
noise, the simulator introduces uncertainty on the position
of distant objects. The sensor provides information on the
physical fitness of the player, including the quality and breadth
of vision, speed and current direction, the direction of the head
and body with respect to the power of the player. The simulator
decrements this power as the player makes physical exercise,
which limits their speed. In order to include the unexpected
movement of objects as in the real world, noise is introduced
in the model of moving objects. Players can accelerate to a
position, shoot, turn the body or head, or send messages. The
goalkeeper is a special player who can catch the ball, and has
specific simulation parameters.

III. THE GAME STRATEGY TO FACILITATE THE
ACQUISITION OF SKILLS

In the Spanish university we are in a phase change [4],
[1] with the adaptation of the Spanish university system to
the European Space of Higher Education. One of the most
important issues is the change of approach in the orientation
of education toward a model more focused on student learning
and competences acquisition.

Since the Robocup addresses a domain so popular and
attractive, this has facilitated the Robocup has been previously
applied to the teaching of intelligent systems and robotics [10],
[7]. Depending on the competences to be acquired, its peda-
gogical use can be different, obviously, covering topics such as
robotics with physical elements, programming languages like
C or Java, or, as is our case, declarative programming based
on rules.

The RoboCup offers an experimental environment that

Fig. 2. Sample of a simulation

encourages the acquisition of basic cognitive competences.
The problem requires to handle the complexity to receive
and operate in real time and also the decision-making pro-
cess is distributed, and offers facilities for coordination in a
competitive environment. The skills to be able to think in
this environment requires the application of concepts from
multi-agent systems and, in our case, also from rule-based
declarative programming.

In our case, we have used the Robocup for acquiring specific
competences of the degree, as well as transversal competences.
Specific skills which have been considered are:

• Capacity for analysis and synthesis of distributed systems
and services in real time.

• Ability to implement, debug and program a distributed
service.

• Ability to build fault tolerant distributed systems capable
of self-reorganisation.

• Reasoning ability with rule-based declarative program-
ming.

• Ability to define coordination mechanisms between
telematics systems.

From the perspective of the transversal competences, the
assignment seeks to acquire the following competences:

• Instrumental competences
– Capacity for analysis and synthesis. The system is

complex, and the student only knows the reasoning
of his own team. Furthermore, it is complex to
determine the overall behaviour of the team from
the decisions of individual players.

– Organisational skills and planning.Students, working
in teams, must organise themselves to determine
what strategy should follow themselves to win the
other team.

– Oral and written communication. The assignment
is evaluated with a written report and a public
presentation of the results, so that all students learn
from the work of others.

– Knowledge of foreign language (English). The orig-
inal manuals are in English.

– Troubleshooting. During the assignment, since it is
an environment that simulates reality, and introduces



noise in the communications, and in addition, mes-
sages may be lost, students should address these
problems and define strategies for addressing them.

• Personal competences
– Teamwork. The assignment is done in teams, bene-

fiting from the sharing of effort and creativity of its
members.

• Learning competences
– Autonomous learning. Although guidelines have

been developed to facilitate learning, students should
learn for themselves based on these guidelines.

– Creativity. In our view, reinforces the learning fun
and allows the acquisition of this competence. There
is not a soccer coach to please everyone, and strate-
gies for a winning team are numerous (definition
zonal player, usage of coordination messages, etc.).

Students are organised into teams. The fact that the domain
is known, and has a large number of soccer fans, promotes the
fun aspect of learning, serving as a highly motivating element
for students. This aspect favours encouraging creativity among
students and teamwork. In addition to solving the problem,
which is complex, it is necessary not only know the theory
(know), but putting it into practise (know-how) as well as
consulting the literature available on the Internet.

IV. THE LIBRARY GSI-ROBOCUP

GSI-Robocup library was created to provide an environment
that simplifies the programming of intelligent agents for the
RoboCup, providing a programming environment that allows
them to abstract from problems they have learnt in previous
courses, such as:

• Programming of the connection to the server, and man-
agement of UDP sockets.

• Programming a parser for complex messages that the
server sends to the players.

• Programming and modeling of the objects in the field.
• Programming a model of relative positions of the

Robocup, which requires making a geometric processing
of information received.

In our case, we wanted to reinforce rule-based declarative
programming, as this is usually one of the major difficulties
encountered by students, who are accustomed to imperative
programming.

Althought the library abstracts from many aspects, as hap-
pens in real environments, students may have to inspect these
features when the system does not meet their expectations.
This can be done through an integrated log system.

The library GSI-Robocup [11], [5], [3], [8] allows to pro-
gram soccer players using the rule-based declarative program-
ming language Jess [6].

The main functions offered by the library are:
• Management of communications with the server UDP

Soccer Server, managing the establishment of connec-
tions, as well as receiving and sending messages.

• Analysis of messages received from the server, updating
the knowledge of the player and the environment, and
obtaining the absolute position of objects using geometric
calculations.

• Integration of reasoning module programmed with the
declarative language Jess that allows reasoning about the
objects of the Java environment.

• Management of threads to receive and process messages,
so messages are not lost.

• Management of threads to run the game. Although the
agents can be launched as separate processes, they initiate
as threads for efficiency.

GSI-Robocup library allows students to focus on program-
ming planners using Jess. This layer updates the working
memory with the information received.

For illustrative purposes, table 1 shows an example of a rule
turnToMate to turn towards a mate: if the game is active (in
“play on” ), and the player has the ball near and far other
mates, the player turns towards a mate.

Table 1 Example of rule turnToMate
(defrule turnToMate

(reactivation)
(playMode (realPlayMode "play\_on"))
(ball (distance ?ballDistance)

(direction ?ballDirection))
(position (id "p teamMate 1")

(distance ?mate1Distance)
(direction ?mate1Direction))

; ball near and far the teammate
(test (and (<= ?ballDistance 1)

(> ?mate1Distance 1)
;body does not point to him

(>= (call Math abs
?mate1Direction) 5)

)
)

=>
;we turn
(turn ?mate1Direction)

)

V. TEACHING EXPERIENCE

GSI-Robocup library has been used in the Telecommu-
nications School of the Universidad Politécnica de Madrid
since 2001 in the subject of Intelligent Systems Laboratory.
In particular, it is used in the last assignment, which is
the largest. In this assignment, students can choose among
several alternatives for developing a multiagent system. The
GSI-Robocup has been selected every year by at least one
third of the groups, even though it is a assignment that
requires great dedication. Each year, teams are exceeding our
expectations. Students are able to develop teams which exhibit
different behaviours (forward, defender, goalie, ...) and also



develop dynamic strategies (if I’m losing more aggressive,
to pass between partners, ...). Moreover, even though they
have previously developed an expert system with Jess, there
is a notable improvement in the style of programming in this
assignment, because of the impossibility to predict the order
in which the rules will be executed.

The main difficulties encountered by students were:
• Difficulties in debugging. For many students, this project

is their first contact with the programming of distributed
systems without a centralised log. While the RoboCup
offers a ( em) logPlayer that allows playback of recorded
game, it is necessary to see why rules are activated or not.
In addition, we have to consider the noise introduced by
the simulator.

• Difficulties with the processing of messages. Analysis of
messages on the server is complex and time consuming,
and transport is not guaranteed, which results in loss of
messages.

• High consume of resources (CPU and memory).
To overcome these problems, the platform has been re-

designed, optimising the processing of messages, and imple-
menting agents to be managed as threads. There have been
extensive tests with JUnit in order to reduce the required
memory and processing requirements. Furthermore, in order
to accelerate learning, tutorials have been developed in the
e-learning tool Moodle. In addition, students can consult the
teams developed by students in the previous years.

VI. CONCLUSIONS AND FUTURE WORK

Our experiences with the library GSI-Robocup were sat-
isfactory and showed that motivates the students, especially
soccer fans, who are a large majority.

From a pedagogical point of view, the Robocup domain
allowed to teach the main notions of intelligent agents, such as
perception and actuation with the environment, communication
and coordination with other agents and planning. Regarding
coordination between agents, it is common that students try to
make an explicit coordination based on direct communication,
but since the simulator introduces noise, it is common that
the students explore more sophisticated coordination schemas
such as organisational coordination based on roles.

This year we have worked mainly on improving the doc-
umentation and creating examples and tutorials in order to
accelerate the learning of the platform, as well as in its
optimisation.

Currently, we are working on an on-line competition system
where students will be able to submit their teams and receive
the results.

ACKNOWLEDGEMENT

The authors would like to thank all students who have
contributed to the development of the platform, Álvaro
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