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Abstract

Artificial Intelligent has been applied successfully to many and varied do-
mains. In particular, the recent steps forward which are been producing in the
development of dynamic, collaborative, real time and adversarial multi-agent
environments are very interesting. In this work, we carry out a proposal,
which uses a soccer robot simulator, called TeamBots, that simulates the
“RoboCup Small”, involved into the “RoboCup World Championship”. The
objective is to bring a team into operation, even though, this team initially
only has available the basic behaviours needed to be operative and able to
participate in a championship with other teams. So, we are proposed our-
selves the development of the complete team, and subsequently in the future
to go improving its capabilities and possibilities. In this work, we show the
team’s design in broad outlines, and we explain in detail the strategy of game
for the different players, displaying moreover a part of the experimentation
that has been carried out to state the correct operation of the team.

1 Introduction

Artificial Intelligent, and particularly the called Intelligent Systems, has had a
notable progress a part from its application in different actual problems. In this
work we show a application of Artificial Intelligent and Robotics to a facet of life
which has been solely human up to date, such as the football. The initial idea arises
from a congress in Tokio, in 1.993, in which emerges a project called Robot J-League,
whose name changes to be Robot World Cup Initiative, more well-know as Robo Cup.
According to official web, “RoboCup is an international joint project to promote
Al robotics, and related field” [9]. Due to it, they use football as a tool for several
and various purposes. Into the technical aspect, RoboCup is a system which links
some characteristics very difficult of integrating in other different domains. We can
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emphasize some of these characteristics such as dynamic, real time and distributed
environment. Into the social aspect, RoboCup can be seen as a friendship and
bright form of encouraging the investigation in these different areas, so as junior
researcher as the researches with more experience, having as an objective a team’s
development which, in an intelligent way, can play football.

Robot World Cup Initiative (RoboCup) is an educational and research inter-
national initiative. It would be able to be considered as a standard problem in
which a large range of technologies can be integrated and examined so as projects
oriented to education. The main activities of RoboCup deal with different issues
from technical conferences to develop of infrastructure [1], through educational
programs and championship of robot, in which we can find leagues of simulators
[15] , leagues of small robots [14, 19], leagues of legged robots [21], etc.

So RoboCup, as the several simultaneously celebrated conferences, has selected
as primary domain a championship of football among teams of robots, with the
objective of evaluating periodically the state of the art in principles of design of
autonomous agents, multi-agents collaboration, acquisition of strategies, real time
reasoning, robotics, and so on. Therefore RoboCup represents challenges in matter
from match teams of robots in dynamic environment, to a platform oriented to
research of software RoboCup itself.

RoboCup provides a challenging domain of investigation, which involves multi-
ples agents which need to collaborate in on environment with adversary to reach
a specific objective. It gives us the possibility of working in the study of Multi-
Agent Systems in complex domains of real time, which require agents to operate
efficiently as autonomously as on the part of a team. The team is formed by a
system of multi-agent robots, with global perception and, actions and knowledge
distributed.

The main objective is to obtain that a team formed by five robots can develop
a game successfully. To get this purpose, it has been necessary to carry out the
design of the skills of each kind of agent and to set up the necessary collaboration
among them for they can make up a whole team. Besides, we have carry out
the tasks of necessary implementation to get an operative team and prepared one
to play against other existing teams. Moreover, our design makes possible, with
certain easiness, the continuous improvement of the team and the incorporation of
new ideas and methods that we could decide to put into practice as a result of our
experimentation.

The result and conclusions of this study are very applicable in many domains
[12] such as Complex Systems (COSY). These systems can be integrated into Dis-
tributed Systems such as nets of distribution of energy or material, great floor of
production with several stations and dynamics process or discrete ones with a large
number of variables. Similarly, other field of application in which we can observe
a direct extrapolation is the rescue of persons in extreme scenery [9], where the
situation can be resolved without any necessity of endangering the life of the other
person.

Likewise, it is very interesting by its properties of complexity, dynamics, impre-
cise knowledge and variables goals, whose principal features are real time, noisy,
collaborative and adversarial.
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In the same way, it is qualified as one of the best test beds, since it can be
used for evaluating different techniques of multi-agent systems directly, according
to the development and results of the game of team which are been implemented
using these techniques. Among these techniques, we can emphasize the dynamic
change of the roles or change of roles in simulation [17], prediction in real time
[20], analysis of opposite team, learning of team [15, 16], precompiled plan [5, 13],
predictive memory [3], and so on.

In order to build our team, it must be studied in a systematic way aspects such
as: principles of design of autonomous agents, multi-agent collaboration, acquisi-
tion of strategies, reasoning in real time, etc. In particular, in our case, we have
developed a team constituted by five robots: one goalkeeper, two defender players
and two forward players; in this team, each robot is an autonomous agent with col-
laboration among partners in the situations in which it is required. The autonomy
of each robot implies that each player develops his individual skills independently.
These skills are developed by all kind of player with small nuances which help to
each player to involve the activity more similar to its own kind. In the develop
of these individual skills, we use basic techniques such as the geometry in order
to obtain the angles, distances, and speeds needed for control of the robot in the
domain. The collaborative skills are carry out among equals, in this team there is
not any hierarchy, considering all of them exactly equals, that is, there is not any
captain either preferences or privileges for no player’s actions or decisions. Thus
the team’s strategy emerges of the collaboration of the different agents. In order
to agree in these collaborative skills, we use the possibility of communication that
the simulator provides.

Finally, for the development of the team, we use a system [2] based on fuzzy
logic [22] which implements a whole strategy of game. The system of fuzzy logic
lets to select the skills, the actions or decisions to take in each situation, and it will
be detailed along this work.

At this moment, the problem has been situated and we have comment the
techniques to use, in the following section we show a general description of the
main ideas that we have considered at the design of our team, expounding some
skills implemented for the players. In the section three we show the different kinds
of agents and their behaviours. To finish, we analyze the experimentation done
with our team and some notes about possible future works.

2 Overall Architecture

In this section we describe the philosophy that guides the design of the team. In the
first place, by situating us, we display some definitions about agents, multi-agent
system, distributed artificial intelligent, and a short taxonomy about multi-agent
systems. In the second place, we show the simulator used for the development of
our team and its experimentation. Finally, we show the own team, emphasizing
the scalability of the design and some actions showed as an example. Moreover, we
display the technique used for help to implement the skills and to take the suitable
decisions while the game is playing.
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2.1 Some definitions

For the development of our proposal, in the first place, we display some definitions
and a taxonomy about multi-agent systems.

In this work, we are going to consider that “an agent is an entity with per-
ceptions, goals, actions and knowledge of domains, situated in an environment”
[18]. The way it acts is called its “behaviour”. A group of agents in a Multi-
Agent System which share common goals is said that they composite a “team”.
The members of a team or partners have to coordinate their behaviours to obtain
compatible processes. Other agents of environment have opposite goals, they are
the “adversaries” o “members of opposite team”.

The Distributed Artificial Intelligent is considered as a sub field of Artificial
Intelligent two decades ago. Traditionally, Distributed Artificial Intelligent was di-
vided in two sub disciplines: Distributed Problem Solving and Multi-Agent System.

Multi-Agent Systems can be classified by:

e Homogeneous non-communicating multi-agent systems: all the agents have
the same internal structure, including goals, knowledge of domain and possi-
ble actions. There is not possibility of communication.

e Heterogeneous non-communicating multi-agent systems: there are different
options, from different goals, to have different models of domains and actions.
There is not possibility of communication.

e Heterogeneous communicative multi-agent system: the comment is the same
than the previous one, but now there is possibility of communication.

The last kind of multi-agent systems is the used by us in this work.

2.2 The Simulator of RoboCup “TeamBots”

From the beginning of international project RoboCup, it has had simulators in
different languages [8, 10]: Lisp, C++, Visual C++, Java, etc, and in different
platforms: Linux, Windows, UNIX, Iris, etc. We are chosen the TeamBots simula-
tor [11], which is defined by its author as: “TeamBots is a Java-based collection of
application programs and Java packages for multi-agent mobile robotics research.
The TeamBots distribution is a full source-code release. The simulation environ-
ment is written entirely in Java”. Moreover, by being developed in Java, it can be
used in many platforms, whenever there is a compiler and an interpreter Java for
this platform.

TeamBots can be used in many different domains among them, we show up Soc-
cerBots, because it simulates the dynamic and dimensions of a game of RoboCup
Small league, with two teams of five robots which compete on a field with similar
dimensions to a ping-pong table, driving and shutting an orange ball, like a golf
ball, to the opposite goal. The figure 1 displays scenery of SoccerBots.

In order to do easier the reading and comprehension of this paper, we are going
to show the representation of the field by means of the simulator. The field of
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Figure 1: Example of SoccerBots in TeamBots simulator

football is geocoding, that is, each point of field has its geographic coordinate.
This geocoding is done in two equivalent systems of bidimensional coordinates. On
one hand, we have Cartesian system of coordinate with values X, Y; and on the
other hand, we have Polar system of coordinate with angle ©® and distance 7. The
centre of these systems of coordinate is sited in the centre of the field.

The field of right side is the east field, and the field of left side is the west
field. Respect to Cartesian coordinates, all the objects situated in east field have
positive X coordinate, and negative X coordinate in the opposite field. Similarly
all the objects in upper side of centre of the field have positive Y coordinate and
negative Y coordinate in the opposite side. Respect to Polar coordinates, the centre
of the field is the origin of coordinates, so all the objects, which are not in this point,
have a major than zero 7 distance. The angle © has a zero value in the horizontal
with sense to east field, and this angle grows in the opposite sense to the hands
of the clock. The limit values, which even not reached by the robots, are (-)1.47
meters in X-axis and (-)0.86 meters in Y-axis. Moreover, the angles are showed in
radians since it is the international standard metric for angles. This information is
displayed in figure 2.

Regarding the use of the distribution as test bed, we comment that is a software
developed in Java, for this, it uses the Object Oriented Paradigm. The distribution
is composed by a set of nine packages, among them “EDU.gatech.cc.is.abstractrobot”
is the most interesting package for the control of robot, integrating a large diagram
with approximately 38 items between classes and interfaces. In this diagram we
find the class ControlSystemSS. The class that governs the system o ControlSys-
tem, must inherit of ControlSystemSS and it must implement the “configure” and
“takeStep” methods, which take charge of initialization and manage of the simu-
lation. In the next section we explain briefly the diagram of classes implemented.
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Figure 2: Representation of field in simulator

2.3 The team of agents

There are different ways of approach this work, which can be considered as different
levels of trouble, for instance, each player can be considered independent and he
can play a role or another in function of position that he has. Another option is
that each player be independent but there is a communication with the others to
develop any kind of game. A hierarchy could exist with a captain which organizes
the game and the rest could carry out all the actions as the captain says. Regarding
the different approaches, in our team there is not any hierarchy among players and
in order to agree in the collaborative skills, the possibility of communication, that
the simulator provides, is used.

In the same way, we have to take into account that the robots must have the
capacity of going to the ball, driving the ball from a point to another, going to
the opposite player, shutting, dribbling, defending, ..., that is, they must have
the capacity of development the individual behaviours such as: moving the player
along the field, avoiding the collisions with others, driving the ball, dribbling with
the ball to an obstacle, defending the goal, so as the goalkeeper as by the others
players; and the main collaborative skill: the pass of the ball to a partner.

To implement all these behaviours, we use the facilities that an Object Orient
language like Java let us. In the first place, to carry out the development of the
team we base on the behaviours which must have every player of football. For
this, we create a class called PLAYER which implements all general behaviours of
a player of football, and from this class we create the different kind of players with
techniques of inheritance, overload and developing new behaviours. For example,
we have a class PLAYER which develops all general behaviours of a player. As we
know, a goalkeeper is a player, due to this, we create a class GOALKEEPER, which
inherits all behaviours of general player PLAYER, but for example, we refine the
defense since it is different in a goalkeeper and we create exclusive behaviours of a
goalkeeper. Furthermore, we can have different kinds of goalkeeper into the kind
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of player GOALKEEPER, such as, a goalkeeper more risky which goes away from
area; a goalkeeper which does not go away from area, and so on. Each one inherits
his behaviour of general goalkeeper GOALKEEPER and we modify or refine some
determined features, and so we can continue to the level which we wish to reach.
This reasoning is similarly extrapolable to the others kinds of players. To explain
this the figure 3 displays the generic diagram of classes.

Chject
ControlSystemSS
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%5isternaControl() ?
confiqured
WtakeStep() Goalkeeper defence farward
passive goalkeeper X t\ \

defence kind 1 defence kind n

goalkeeper kind n +
§

’ aggressive goalkeeper
active goalkeeper forward kind n

Figure 3: Example of generic diagram of classes

In order to develop the logic of reasoning, which governs the team’s behaviour,
an abstract class is introduced between the class general PLAYER and the deter-
mined kind of player. So we consider that the team’s strategy of game is defined
a part from the players’ behaviour, but we can consider some variations of general
strategy in each sub kind of the corresponding kind of player.

Finally, the diagram of classes of the team that we have implemented is dis-
played in figure 4.

So we have developed an architecture of behaviours composed of three levels,
as is shown in figure 5.

In the top level, we have developed the more complex actions, which involve
other simpler actions. These behaviours are the actions of the player in each
situation in function of what logic of reasoning says in that situation. The list of
these behaviours is:

e goTo, the player go to a position and avoid obstacles,
e goToNoStop, the player go to a position without avoiding obstacles,
e drive, the player drive the ball to a position,

e dribbling, the player drive the ball to a position and avoid objects,
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Figure 4: Implemented diagram of classes (without attributes and members)

e shut, the player shut the ball to a position,

e shutForward, the player shut the ball to a position without test the objects
in the trajectory

e pass, the player pass the ball to a partner,

e receive, the player receive the ball from a partner,

e defend, the player defend the goal,

e clear, the player send the ball far away from the goal,

e shakeOff (one’s attacker), the player look for a position free of opponent
players.

In the low level, we have the functions that are used by the top level behaviour.
This level is the intermediate level between top level behaviour and the level for the
primitives of the simulator. This behaviour use the primitives, which the simulator
provides, to help to behaviours of the top level so that they develop their actions.
The list of these behaviours is:

getDataSensor, get the data of sensors,

calculateObstacleNearest, get the nearest obstacle from a point,

restriccMovementArea, restrict the movement of the player to a defined area,

avoidCollision, avoid the collision with obstacles,
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Figure 5: Levels of architecture of behaviours

representField, it carry out the 3-D representation of the field,
e levelField, say us the level of the field between two points,

e trajectory, calculate the trajectory of the ball,

e senMessage, to help to pass-receive behaviours,

e receiveMessage, to help to pass-receive behaviours.

Finally, in the level of the primitives of the simulator, we found the functions
that the simulator provides to control the robots.

In the next subsections, we are going to explain the avoidCollision behaviour
as a example of the low level behaviours; similarly, we are going to show how we
carry out the 3-D representation of the field. Besides, we are going to comment
top level behaviours, which are concern with the interaction with the ball and we
center the attention in the dribbling. So finally, we are going to explain the par
excellence collaborative action, such as, the pass.

2.3.1 Avoid the collision

The first thing that we must do is to obtain all the information that the robot
needs in order to know his situation and his environment. Once that the robot
knows his environment, we can pass to the phase of movement. In this phase, the
main thing that we bring out is the movement to avoid a collision with objects.
In order to carry out this action, we calculate the robot’s forward and the angle
that the robot is able to turn in each simulation step. So we deduce the distance
which the robot must check the obstacle to and the change of trajectory with a
part of this information and other one such as the diameter of robot. In order to
develop this change of trajectory we calculate the normal to the obstacle and the
perpendicular to this normal. We calculate the sense of this perpendicular so that
the robot turn away in a minor degree of his trajectory and so the robot goes to
target following the new trajectory. This movement can be seen in the figure 6.
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Figure 6: Movement of avoid the collision

2.3.2 3-D representation of the field

In this section, we are going to comment the development of a 3-D representation
of the field in order to facilitate principally the decisions to shut, to pass and other
behaviours which concern with the ball and the position of the players. In this
representation, we divide the field in cells and we put each robot in the corre-
sponding one. The position of robot is weigh up with a determined value according
to whether the robot is a partner or an opponent and we decrease this value in
proportion of the distance to the robot. So, we create a mountain and the top is
the position of the rest of the robots. Besides, if there are more than one robot
together, these values are added and we build a larger mountain and there is more
than one top. Each robot develops his own representation in order to carry out
his own behaviours, decisions and purposes. So, each representation belongs to the
robot self, it is relative to the robot and this representation is different one of the
other robots. By finalizing this representation, if we extrapolate this 3-D represen-
tation, the field of football converts itself in a set of mountains and valleys, where
the mountains mean difficult places to cross away and valleys mean easy place to
access, and so we can decide if the possible trajectory of ball is obstructed or not
and the degree of obstruction. We can observe it in the figure 7.
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Figure 7: Representation of the field
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2.3.3 Interaction with the ball

As we know, the main skill that a robot must have is the interaction with the ball.
Particularly the robot must be capable of driving the ball from a point of field
to other. In addition to this kind of interaction, the robot must know the way of
shutting the ball to a target. The defence of the goal can be considered as other
kind of interaction, in that the robot calculates the trajectory of the ball and he
goes to a point in this trajectory in which he can get the ball to perform other
action later.

The dribbling is one of the more difficult behaviours into the set of interaction
with the ball. In this case, we enhance that the robots do not have got members.
So for the simulator, the robots can be considered as spheres, taking into account
the difficult process which a bigger sphere controls the movements of other smaller
one.

In short, the explication of this movement could be: we calculate three vectors,
one vector from ball to destination, other vector from player to ball and other one
from player to destination. In function of these vectors we carry out a series of
computing to accomplish the dribbling. With broad strokes, the following is done:
we test if the opposite player is far away and in this way we do nothing. In other
case, we calculate the position of dribbling which the player must go to: in first
place, the player goes to the obstacle, striking the ball in this movement and going
far away it from the obstacle. Immediately next the player goes to the ball and
drives it to the wished position. Figure 8 displays this movement.

&

Target

Figure 8: Movement of dribbling

We have considered that the defence of the goal by means of the goalkeeper
is different to the defence of the goal by means of other players. In this case,
the goalkeeper moves himself in a parallel line to the goal, whereas the ball is far
away. When the ball comes near to the goal, the goalkeeper acts in a different way
according to his implemented logic, which we describe later.

2.3.4 Collaborative skill (pass to partner)

Now we are going to comment the pass from point of view of collaborative action
between robots. For this, although it is not strictly necessary, some systems carry
out a previous communication to develop this skill. In our proposal we set up a
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communication between these players, to make easy the transmission of the pur-
pose, and so they can reach a consensus to make the pass. Therefore, the first
thing that we have to do is the implementation of the functions that let them this
communication, enabling the communication not only with an only player, but also
with all players at the same time. Immediately next, we implement the necessary
for the pass the ball from one player to another.

This process of pass can be synthesized in the fulfillment of two complementary
actions. On the one hand the player which carries out the pass must communi-
cate with the receptor and bring the ball closer to him. On the other hand, the
player that receives the ball must have the capability of receiving the partner’s
communication and must agree with the first one to receive the ball.

We decide to implement it in two functions: one for the pass of ball and other
by receiving the ball, which is helped by the function of communication.

3 Description of the different kinds of considered
agent

After briefly commenting the team, we are going to explain the development of
fuzzy logic used in the definition of the behaviour of each particular player.

There are multiples alternatives to chose the player’s behaviour, which he is
going to realize in each situation [4, 6, 7, 23]. Here we have used fuzzy logic [22],
but with some differences according to kind of player which will carry out the
action, since, as we said before, the game of a goalkeeper is different to the game
of a forward player. This difference is implemented with different classes for the
logic of each kind of player.

As we know, this separation or difference can be done to different levels having
to reach a commitment among efficiency, maintenance and functionality. We have
chosen the alternative that we are going to explain bellow.

3.1 The specific observable behaviour of the goalkeeper

We have implemented a goalkeeper with the peculiarity of having a “low-risk”
behaviour. Here, we want to manifest that the goalkeeper does not go out of its
area in front of any dangerous situation, but the goalkeeper defends the goal very
close to it. However, this feature does not imply any limit because we can modify
the attitude with correction of some parameters or introducing weights to weight
up the election of rules which are activated, or others different methods.

The logic, which governs the observable behaviour of a goalkeeper, could be
defined as we show bellow. So, we considerate the goalkeeper’s point of view:

e If T am out of my area, it means that I am for away of my goal and the place
that I must defend. Then I must go to the position by defect, the goal.

o If the ball is out of my area or “action area”, and besides the previous case
is false, I must go to the position of defense of my goal.



A Multi-agent System Based on Fuzzy Logic Applied... 165

o If T am in my area, the ball is in my area too and the ball is in front of me,
then the situation is dangerous since the ball is near of my goal, I must go to
ball to clear, I will shut it far away.

e If I am in my area, the ball is in my area too, and the ball is at the same
latitude than myself then I must go to ball and clear, but in this case is
needed a different behaviour than in the previous case since this situation is
more dangerous than the before one. I must move behind the ball and drive
it to the opposite field and, when I can shut the ball, I will do it.

o If I am in my area, the ball is in my area too, and the ball is behind of me and
I can score a goal in my own goal. Then I must locate the closest opposite
player, and block him, since securely he has brought the ball behind me and
I am not make any other thing, because if I go to the ball, I will score a goal.

o If I am in my area, the ball is in my area too, and the ball is behind of me
and I can not score a goal in my own goal, then I must go to the ball to
recuperate it and clear.

The fuzzy variables that composite this logic are the next:

e AREA: in function of position of the player’s distance to goal or the ball’s
distance to goal, it shows if the player or ball is in or out of area.

e BALLPOS: in function of the ball’s position and the player’s position, it
shows if the ball is in front of, at the same latitude or behind of the player.

e SCORE: in function of position of goalkeeper and goal, it shows the possibility
of the goalkeeper score a goal in its own goal.

The fuzzy set corresponding to these fuzzy variables are displayed in figures 9
and 10.

In fuzzy variable AREA, we observe that up to a distance lower than 0.4 meter
we considerate that the player is into the area.

From this point, the fuzzy zone begins up to 0.6 meter. From 0.6 on upper
values we considerate that the player is out the area. These values are bounded
due to dimensions of field of game, since, for example, the middle of the field is 1.5
x 1.5 meters approximately, so that these values represent a 1/3 of middle of the
field.

In fuzzy variable BALLPOS, the choice of player’s position regard to ball, (in
front of, at same latitude, behind), is done in function of player and ball’s values
in x-axis. For example, in the east field, if the x value of player is upper than x
value of ball, the ball is in front of player. This choice must be independent of the
field in that we play, for this, we eliminate the signs (positive, negative) by using
the multiplication operation. We make player’s x-value squared and we multiply
player and ball’s x-values, so if player’s x-value squared (B) is upper than player’s
x-value times ball’s x-value (A), then the ball is in front of the player, and so on.
Figure 11 is shown an example for the best understanding of this variable. Also
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Figure 9: AREA on the left and BALLPOS on the right

we want to comment that the value of this fuzzy variable is only considered when
the ball and player are near and they are in the same area.

Furthermore, we considerate 0.1 meter, since the player’s diameter is 0.12 me-
ters approximately and the ball’s diameter is 0.05 meters approximately. So we
considerate that reliance rate is lower than the necessary for a player.

By means of the fuzzy variable SCORE, we pretend to test if the goalkeeper
can score a goal in own goal. For this we take the vector of the ball’s position
and the vector of the goalkeeper’s position, then we subtract the position of the
goal to each one of this vectors. Finally, in function of the angle between these
result vectors and of a reliance rate, it shows the possibility of scoring a goal by
the goalkeeper. We considerate a value of 0.05 since the angles are taken in radians
and this value corresponds to an angle very little but it is sufficient to go to goal
and to strike the ball, so the ball changes its trajectory turning off the goal. We
display two examples of these calculates in figure 12.

The fuzzy rules which govern goalkeeper’s observable behaviour corresponding
to fuzzy variables and sets that we explained above, are the following:

1. If Area(pos, out) —— > goTo(defaultPos)
2. If Area(ballPos, out) —— > defend()

3. If Area(pos, in) y Area(ballPos, in) y BallPos(inFrontOf) —— > clear()
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Figure 11: Example to explain the variable BALLPOS

4. If Area(pos, in) y Area(ballPos, in) y BallPos(sameLatitud) —— > dribbling()

5. If Area(pos, in) y Area(ballPos, in) y BallPos(behind) y Score(yes) —— >

goToNoStop(posClosestOpposite)

6. If Area(pos, in) y Area(ballPos, in) y BallPos(behind) y Score(no) —— >

goTo(BallPos)

As a note of implementation, we can comment that in case of dead heat among

rules we take the first rule in the displayed order.

This is the logic’s basic description, fuzzy in this case, which makes from a

robot, a goalkeeper with reasoning.

3.2 The specific observable behaviour of the forward player

Regarding to forward player, it can be said that we have implemented a “low-risk”
forward player too, since the player does not go to the ball in any position, but the

player wait to the ball comes into his action area.

In this case, the logic, which governs the observable behaviour of a forward,
could be defined as we show below. So we considerate the forward’s point of view:
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Figure 12: Example to explain the variable SCORE

If the ball is in my field, I am out of my area and I have not got the ball,
then I can not do anything, so I must come to my default position, since I
can be needed in that position which is near to the centre of the field.

If the ball is in my field, I am out of my area but I have got the ball, then I
try to drive the ball to the opposite field and I try to put the ball far away
of my goal, so that I will shut the ball to the opposite goal when I can do it.

If the ball is in my field, I am in my area and the ball is not far away, then I
try to get the ball and drive to the opposite goal.

If the ball is in my field, I am in my area and the ball is far away, then there
are not possibility of I getting the ball, so I must stay in my default position.

If the ball is in the opposite field and I cover the opposite goal, then securely
any partner would have got the ball and he would try to shut to goal, so I
must look for a free position and clear the possible trajectory of ball.

If the ball is in the opposite field, I do not cover the opposite goal and the goal
is free, then I must get the ball and I must try to shut the ball to opposite
goal.
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e If the ball is in the opposite field, I do not cover the opposite goal, the goal is
not free and there is a free partner in front of me, then I must pass the ball
to the partner.

e If the ball is in the opposite field, I do not cover the opposite goal, the goal
is not free and there is not a free partner in front of me, then I must try to
score a goal, so I must drive the ball to the opposite goal.

The fuzzy variables that composite this logic are:
o AREA: It is the same variable that in the goalkeeper case.

e BALL: in function of the ball’s position and the player’s position, it shows
if the player has got the ball, the ball is near to the player or the ball is far
away to the player.

e BALLFIELD: in function of the ball’s position, it shows if the ball is in my
field or in opposite field.

e GOAL: in function of the level of the trajectory from the ball to goal in
3D-representation, it shows if the goal is free to shut.

o GOALCOVERED: in function the player’s position and the ball’s position
and the angle between them, it shows if I cover the goal. It is useful to check
if T hold up to the shut of a partner.

o FORWARDPARTNER: this variable looks for a partner more forward player
than me and it shows if he is free.

The fuzzy sets corresponding to these fuzzy variables are displayed in figures
13 and 14 whereas the fuzzy sets regarding to AREA were showed in previous
subsection.

In fuzzy variable BALL, we observe that the player has got the ball at a distance
lower than 0.1 meter. For values between 0.15 and 0.3 meters, the player is near to
the ball and for values upper than 0.35 the ball is far away from player. The values
0.1 and 0.15 are considered since the robot’s diameter is approximately 0.12; so
that at a lower distance we considerate that the robot has got the ball, and at an
upper distance we considerate that other robot can be situated between the player
and the ball. The value 0.3 is approximately 1/5 of the middle of the field and the
ball runs more speedily than the robot, so that an upper distance than 0.35 we
considerate that the ball is far away.

Regarding to the fuzzy variable BALLFIELD, the robot has the capability of
playing in the east or west field. In order to obtain this, we have to eliminate his
dependency of the field. This independence is obtained thanks to this fuzzy set
and the variable “field”, which takes the value “1” whether the team plays in west
field or “-1” in opposite case. This fuzzy variable is shown in figure 13. We take
the 0.1 value since the diameter of the player is approximately 0.12 meter.

In the fuzzy variable GOAL, we use the 3D-representation of the field. We trace
the trajectory from the ball to goal, according to the zones that the trajectory
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Figure 13: BALL on the left and BALLFIELD on the right

crosses away and the levels of this zones, the fuzzy variable shows if the goal is free
or not.

In the fuzzy variable GOALCOVERED, we create two vectors, one from the
player to the opposite goal and other from the ball to the opposite goal. According
to the angle that these vectors composite it, the fuzzy variable shows if the player
covers the goal. The values of this set are taken in an experimental way and they
are checked with simulations.

The fuzzy variable FORWARDPARTNER is similar to the GOAL fuzzy vari-
able.

The fuzzy rules, which govern forward’s observable behaviour corresponding to
fuzzy variables and sets that we explained above, are the following:

1. If BallField(myField) and Area(out) and Ball(isMine) — > goTo(defaultPos)

2. If BallField(myField) and Area(out) and Ball(NOTisMine) — > shut(oppositeGoal)
3. If BallField(myField) and Area(in) and Ball(farAway) — > drive(oppositeGoal)

4. If BallField (myField) and Area(in) and Ball(NOTfarAway) — > goTo(defaultPos)
5. If BallField(oppositeField) and GoalCovered(Yes) — > ShakeOff(posFree)

6. If BallField(oppositeField) and GoalCovered(No) and Goal(free) — > shut-
Forward(pos)
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7. It BallField(oppositeField) and GoalCovered(No) and Goal(busy) and For-
wardPartner(free, pos) — > pass(pos)

8. If BallField(oppositeField) and GoalCovered(No) and Goal(busy) and For-
wardPartner(busy, pos) — > drive(oppositeGoal)

3.3 The specific observable behaviour of the defence player

In this section, we are going to describe the logic of a defence player. We have
thought of a defence player as a mixture between forward player and goalkeeper’s
behaviours, so that we have developed a “low-risk” defence player. So, finally we
have created a “low-risk” team. We say that our team is “low-risk” in the sense
that they do not move to the ball continuously, but that they wait for the ball
into in their action area. In the same way that the above kinds of logics, we can
softly modify his behaviour either by means of the correction of some parameters
or introducing weights to weight up the election of rules or other different methods.

In this case, the logic, which governs the defence player’s observable behaviour,
could be defined as we show bellow. So we considerate the defence’s point of view:

e If I have the ball and there is a partner in front of me, which is free, then I
must pass the ball to the partner.

e If I have the ball and there is a partner in front of me, which is not free, then
I must avoid the dangerous situation and I must clear the ball to opposite
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goal, so that other partner can get the ball, drive it to opposite goal and
score.

e If the ball is in my field, the ball is not in front of me and I can score a goal
in my own goal, then I must locate the closest opposite player and block him,
so that other partner can get the ball and drive to opposite goal.

e If the ball is in my field, the I have not the ball and the opposite player is
not far away, then I must go to a strategic defensive position to prevent a
possible attack from opposite team.

e If the ball is in my field, the I have not ball and the opposite player is far
away, then the situation is not dangerous, so that we can go to the ball and
begin a new move for play.

e If the ball is in opposite field, and I have not got the ball, then I must go to
my default position to avoid strike against.

For this logic, we take from goalkeeper the fuzzy sets and variables: SCORE,
BALLPOS; and we take from forward player the fuzzy sets and variables: BALL-
FIELD, FORWARDPARTNER, BALL, and OPPOSITEBALL which is quite sim-
ilar to BALL

So the fuzzy rules, which govern defence’s observable behaviour, are the follow-

ing:
1. If Ball(isMine) and ForwardPartner(free) — > pass(pos)
2. If Ball(isMine) and ForwardPartner(NOTfree) — > clear()

3. If BallField(myField) and BallPos(forward) and Score(Yes) — >
goToNoStop(posClosestOpposite)

4. If BallField(myField) and Ball(isMine) and OppositeBall(farAway) — > de-
fend()

5. If BallField(myField) and Ball(isMine) and OppositeBall(NOTfarAway) — >
goToNoStop(Ball)

6. If BallField(oppositeField) and Ball(NOTisMine) — > goTo(defaultPos)

When we have described some of the more important components to understand
the design of our proposal, now we are going to show the experimentation with our
team.

4 Experimentation

In this section we are going to display the result of simulations by means of tables
and then we will show the conclusions of development of the team.
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The developed team has been carried out, as all software, as a result of a
evolution through different versions, with a continuous improvement from a version
to another. We do not display all results but we display only the test on the last
version, which has implemented all behaviours so individual as collaborative and
competitive, with representation 3-D of field and the use of fuzzy logic in the
complete team.

The main features of our team (UGRTeam) are the following: our team is a
low-risk one whose players go to the ball when it is near. Besides, the team has a
well-defined strategy of game with determined position of the players. The players
can communicate among them to develop a collaborative behaviour. In this version,
the players have defined roles in design time, but in a later version, we think to
develop the dynamic change of roles.

4.1 Opponent Teams

To elaborate this test we have used other teams that bring the distribution. These
teams have been developed by groups, which contribute a team with its code and
comments.

The teams can be classified mainly by two features. On the one hand, the
teams can be classified in function of their players, that is to say, in function of
whether the players are homogeneous or heterogeneous. So, we have the following
classifications.

1. Homogeneous: BasicTeam, GoToBall, CommTeam, AIKHomo, BrianTeam,
DoogHomoG, LoneForward TeamHomoG, SchemaDemo, PermHomoG

2. Heterogeneous: DTeam, DaveHeteroG, DoogHeteroG, FemmeBotsHeteroG,
MattiHetero, SibHeteroG, SchemaNewHetero, CDTeamHetero

3. The autor does not say us this feature: KeChZe, JunTeamHeteroG

On the other hand, we can classify the teams in function of the strategy of game,
even though the teams are different ones, we bring out three kinds of strategy:

1. Simple Strategy, the teams which have simple strategy, non-well-defined play-
ers’ position, or they are test teams: BasicTeam, GoToBall, CommTeam,
BrianTeam, DaveHeteroG, SchemaDemo, SchemaNewHetero

2. More Elaborated Strategy, teams which have a more elaborated strategy, well-
defined players’ position or more intelligent behaviour: AIKHomo, CDTeamHetero,
FemmeBotsHeteroG, KeChZe, LoneForward TeamHomoG, MattiHetero, Per-
mHomoG, SibHeteroG

3. Non-sport strategy, teams which have a non-sport strategy. The objective of
these teams is setting back the player of the opposite team, so they have clear
the field and they can score goals without opponents: DTeam, DoogHeteroG,
DoogHomoG, JunTeamHeteroG
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4.2 All against UGRTeam

This kind of experimentation that we are going to display enables us test the
performance of team in a simulation in which our team must come up against
the other teams, which have different behaviours and strategies. To carry out this
experimentation, we have accomplished several simulations of matches against each
team. When the simulations have finished, we calculate the difference between the
number of goals that we have got and the number of goal that the opposite team
has got in each match. When this value is positive it means the advantage obtained
by our team while a negative value means that our team has lost the match by that
number of goals. Actually the values that we are going to show, are the average
values and their standard deviations obtained from several simulations. In this
way, the average value shows us the performance of our team against the opponent
one and the standard deviation value shows us the variability of this average value.
So, a positive average value means that our team generally gets a victory against
the opponent team and a negative average value means that our team generally
get lost against the opponent team. The table 1 displays the averages values and
their standard deviations that we have obtained from the simulations while table
2 shows the total average and its standard deviation.

Table 1: Table of results of UGRTeam against other teams

| Teams | Average values | Standard Deviation
BasicTeam 7.4 3.16
GoToBall 4 2.04
CommTeam 8.6 3.74
AIKHomoG -0.8 0.74
BrianTeam 5.1 2.42
CDTeamHetero 4.2 2.03
DTeam 0.3 0.45
DaveHeteroG 0.7 0.78
DoogHomoG -1.2 1.6
DoogHeteroG -1.2 1.16
FemmeBotsHeteroG 1 1.48
JunTeamHeteroG 7.2 2.82
Kechze 1 0.63
LoneForwardTeamHomoG 0.6 1.01
MattiHetero -0.2 0.6
PermHomoG 0.9 0.94
SibHeteroG 2 1.54
SchemaDemo 2.1 1.51
SchemaNewHetero 0.1 0.94
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Table 2: Total average

Average of average values | Standard deviation
2.2 2.93

Table 3: Results grouped by kind of opponent team

Kind of strategy >~ Average values Average Standard

of the kind of the kind | Deviation
Simple Strategy 29.9 4.27 2.73
More Elaborate Strategy 6.8 0.85 1.4
Non-sport Strategy 5.1 1.27 3.47

These results show that our team is only in trouble when it plays against four
teams. Two of these teams belong to more elaborate strategy teams while the other
two teams belong to non-sport strategy teams. In general terms we observe a good
result since the total average is positive.

In order to ease the analysis of these data, we have classified the results in
function of the strategy of the team, and the average value into each group has
been calculated. The table 3 shows the results grouped by the different kind of
strategy.

So, in the group of teams with simple strategy, we observe that our team wins
to the opposite team by a average of 4.27 goals, that is to say, in general, we obtain
a good advantage over this group. In the group of teams with a more elaborate
strategy, we observe that our team generally gets a victory but with an advantage
very small. This result is due to our team won against 6 teams but it lost against
2 one. In the group with non-sport strategy, we observe a similar case that the
previous one, but in this case the advantage is better, getting 1.27 goals of average
value. Here, we observe that our team won against 2 teams and it lost against
2 one, but we our team got a great advantage against one of them; due to this
advantage we get this average value. This great variation is because of the strategy
of these teams, since if the opponent team get to block our goalkeeper, they have
clear our goal and they can score easily, but in this movement in order to block
our players, they can clear their goal and thus our team can score easily too, that
is to say, the result depend on how they block our players.

The result of the analysis of the grouped data is supporting the first conclusion,
that is, our team wins with certain easiness when it plays against teams of simple
strategy, while regarding to the teams of more elaborate strategy our team finds
more difficulty to break them down and sometimes it can lose the match but ob-
taining a low difference between the own goals and the opponent ones. In the case
of non-sport strategy teams the result depends on how the opponent team blocks
our players since our team, in current version is not properly ready to play against
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this kind of teams.

5 Conclusions and future works

In this work, we have put into operation a team with enough skills to be competitive
to basic level, and it can serve as platform of test about different investigations and
developments. It is important to put manifest the large flexibility of the proposal
and its capacity of improvement for instance by refining some components of model.

By this way, this work pretends to be an initial contact with the topic in ques-
tion, with the definition of a team that develops all skills of a player of football,
with the intrinsic limitations of the environment. So we have carried out our ini-
tial proposal of development and implementation necessary so that a team of five
robots can develop a match of football successfully.

In the team, the final game is the result of the collaboration of the different
kinds of agent, which have got behaviours so general as particular. Thanks to is,
we can modify easily the players’ behaviour only modifying the general class. On
the other hand, it is very easy to create agents of one determined kind of player
but with different level of risk. For this, we only have to generate a new subclass
of the concrete kind of player and modify lightly. All these features offer us many
possibilities of change of the observable behaviour of the team, realizing small
adjust in the suitable classes.

Finally, in the future works, it can be though the development and evaluation of
different choices of used techniques in this work such as, the development of other
variation or other fuzzy logic which governs the team; or the development of the
things that you needed to the dynamic interchange of roles.
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