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ABSTRACT

Various methods for decision-making of soccer robots, including playing strategies, have
been developed by researchers around the world. Each method has different features depending on
different situations of the match involved. In several occasions, the designed methods for decision
making are unsuitable, or playing strategies have conflicts, or have undesired results in unexpected
situations. This thesis proposes a multi-mode decision-making for soccer robots. The method applies

a centrally decision-making for controlling the situations in accordance with encountered scenarios.
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3.2.3 wwuinidszguuun 3
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4.1 M3VIABWAUMITIN

NITHIADINUMTIANINMIDBNLUVURUMITNTUUNT 3 vzdiaoununiui ldoonuuy

Tasmiafums$raeaunumsgmindszauuuii 1 wie At, ms$rasamsinlszquuuii 2
A 0 < A a = °
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AU IR YOI ULUARIT 4 (Y4) 429 51
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Abstract: For a decade, many researchers around the world have implemented fuzzy logic and control to embed human decision
making into soccer robot systems. However, the rule base constructed for each system depends upon the experience of the designers
in soccer robot games. Sometimes the rules and robots’ movement algorithms have not been updated after the designer changed the
focus on the strategies for planning and commumication issues rather than performing routine kinematics and dynamics on the robot
platforms. This paper describes an off-line path planning in order to update the rule base so as to achieve optimal objectives of
simultaneously using minimum time and traveling shortest path. This work focuses on real implementation of a fuzzy control
scheme for path planning upon goal shooting. Experimental results have shown satisfactory design and implementation.

Keywords: Soccer Robots, Fuzzy Control, Path Planing

1. lnt;i-)ducn'on

The most important performance for each member in a soccer
robot team is perhaps the ability in shooting the ball to make
scores. This task may not be easy since another team may have
a good defense plan. To achieve this ability, a tactic of collision
avoidance together with a good plan for carrying a ball without
loosing it to the others is a prerequisite. Hence, a good strategy
and plan need to be cooperated into a team functionality for

,cach individual member of the team. Examples of research in
this category may be found in [1,2, and 5].

This paper describes an implementation of an enhanced version
of a fuzzy control algorithm to serve for the aforementioned
objectives. This research is an extended version of [1]. In [1],
a fuzzy control algorithm for collision avoidance is proposed
along with its simulation to verify the effectiveness of the
design. Unlike [1], however, two different points should be
addressed: First, our modified version is using the generalized
angles instead of specific angles to determine the path planning;
second, a real implementation instead of computer simulation is
completed.

The next section describes the hardware and software used in
our robot soccer team. Section 3 describes our fuzzy control
method employed in this implementation. Fxperiment is
described iz Section 4. Section 5 gives conclusions.

2. A Robot Soccer dysiem

Sim: . )
milar to {34], our soccer robot team has wireless
Comiiunication wsing IR-LED instead of RF communication.
This is because the implementation is focused on low-cost in

the implementation. It is witness by our experience in sourcing
parts and components by both system that the IR-LED is a bit
ten times cheaper than the RF counter parts. With economic
reasoning and avoiding redundancy, we install only an IR
transmitter at 2.5 meters above the soccer ficld at right angle to
the field plane. The same location is used to install a camera. .
For receiving the IR signals, each robot has an IR receiver on
the top of it. Hardware description can be found in Subsection
2.1. Subsection 2.2 briefly describes software feature of our

robotic control system.

2.1. Hardware Description
Listed below are major hardware components assembled to be a

soccer player robot:

Body and Receiver:

s 1 MCS-51 Microcontroller

e 2 motors with a 200:1 motor gear block

e 7.2V 120 mA and 4.8 V 600 mA Batteries

s [.293D Motor Drive

Transmitter and Vision System:
e IR LED with 600 b/s Data Rate
s  4mm Camera

Processing Unit and Data Storage:

» 900 MHz AMD Processor

» 256 MB RAM

¢ 10 GB HD with 7200 rpm

» NVIDIA 16 MB VGA Card

*  40x CD-ROM

s Monitor with resolution of 1024x768.
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For more detail about the hardware description, the reader is
referred to [6]. A player of the soccer robot team implemented

in this research is shown in Fig. 1.

Fig. 1. A player of the soccer robot team.

2.2 Software Description

As an initial step of thc’_imp]cmentation of the authors, the
current state of software design process is on version 1.0. The
software for driving the robots, planning for the path, etc., is
written in Visual Basic V. 6.0. Fuzzy control algorithm is
embedded as a path planing into this software. Like [3], a2
special feature of our software is that the program can control
robot motion in the manual mode.  Console panel and its
features of the software is illustrated in Fig. 2.
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Fig. 2. Software for controlling the system.
3. kuzzy Control fur Soccer Rubots

Strategic planning for collision avoidance for shooting method
is implemented as suggested in [1]. Unlike [1], our design
provides a generalized set of rules for choosing action
according 1o robots’ position and orientation including
obstacles. - We will see later in the next section in the
experiment when a robot is facing two situations, which are
one-on-one obstacle (see Fig. 3) or two-by-one obstacle
situation (see Fig. 4). Input parameters to determine the

Seoul, Korea

optimal path are distance between the robot and the obstacles,
the angle among relative angles of the robot and obstacles, and
relative velocity of them. Intuitively, the basic rules for the
minimum time and the shortest path to get the ball, as can be
seen in Fig. 3, is to move in a straight line direction toward the
ball. No matter the position and orientation is, the rules for the

robot can be summarized as follows:

Rule 1; IF Bis PL, Then a is L2
Rule 2; IF B is PS, Then a.is L1
Rule 3;IF Bis Z, Thena is 0

Rule 4; IF B is NS, Then at is -L1
Rule §; IF B is NL, Then a is -L2
where L1 and L2 are parameters to be designed by the designer,

PS, PL, Z, NS, and NL stand for positive large, positive small,
zero, negative small, and negative large, respectively. One has
free choices to choose for the membership functions as desired
and can calibrate the shape of the membership functions to
meet criteria. Note also that a is tangential velocity of the
robot for rotation motion and  is an angle for translation of the

robot in forwarding direction.

Obstacle I

Y
L. x

Fig. 3 A one-on-one obstacle situation.

Fig. 4. A two-by-one obstacle situation.

b
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4. Experimental Results

Experivient set up is shown in Fig. 5. Figs. 6, 7 and 8 show
successful results of the implementation for the cases
corresponding to no obstacle and for those in Figs. 3 and 4. In

the experiment, we choose L1 = #25 ,L2= 150 . Weuse a
= 10 cm/s and 3 = 25 degrees for case 2 and use a = 10 cm/s
and B = 30 degrees, respectively.

According to the Figs. below, the satisfactory results are
achieved as shown by the Figs that the robot can shoot the ball

effectively under the suggestion control law for obstacle
avoidance. Result in Fig. 5 is, no surprisingiy, similar to [1,2]
because the approach to push the ball into a goal has not much
combination. Results in Figs. 6 and 7 show promising
implementation in the real competition.

(b) Actual path in the experiment.
Fig. 7. Case of one-on-one obstacle situation.

RX (IR LED)

&

Fig. 5 Expenimental set up.

=

(b) Actual path in the experiment.
Fig. 8. Case of Two-by-one of obstacle situation.

{b) Actual path in the experiment.
Fig. 6. Case of no obstacle.
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5. Conclusions

In this paper, a fuzzy logic control algorithm is implemented
for soccer ‘robots shooting via ;. collision-avoidance scheme.
Three cases are conducted in the experiment: no obstacle, one-
on-one obstacle, and two-by-one obstacle sit. Experimental
results show the effectiveness of the control mechanism.

However, the design for choosing the control parameters is
based on intuition of the designer rather than a systematic
method. It should be more effective to have an advanced
design method such as the genetic algorithm that can be
cooperated to tune the control rules to suit the shortest distance
and minimum time criteria. This will be the next research topic

for further study.
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