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Abstract. Tec de Monterrey Campus Estado de Mexico is one of the new teams that have joined RoboCup in
2002. This was the first Mexican team participation in the Sony Four-Legged Robot League. The team main
objective was to make the robots able to play football as fast as possible and without re-using code from other
universities of the league. The main objective of our team is to build a research platform, which would allow
robust an efficient carriage of robots playing soccer.

1. Introduction

The reasons that motivate our participation in the RoboCup 2003 Sony Legged Robot League are:

e Conduct active scientific research in the area of Robotics and Artificial Intelligence.

e Support our Mechatronics, Computer Science and Manufacturing Systems master-degree programs as well
as Electronics, Computer Systems, Mechanics and Mechatronics major programs.

¢ Development of mexican robotics technology for industry’s dangerous activities.

During the last years, the Computer Science and the Mechatronics Departments have been carrying out intensive
research work in the areas of Control Systems, Computer Vision, Decision-Making and Learning models, Multi-
Agent Systems, Robot Navigation and Mechanic Design.

Participation in RoboCup 2002 has encouraged cooperation between departments to overcome the robotic soccer
challenge. From the Fukuoka experience we decided to focus our attention on four main issues:

e Dynamic equilibrium. Normally all dynamic walking algorithms consider robot as a dynamic system. We
are modeling 3D position of robot's gravity center depending of all torques applied to it. Afterwards,
control strategies will be used for control its center of gravity position

o Localization algorithms without colored beacons. We have developed a localization algorithm that
should work without the use of beacons, field lines will be used to find the points for localization. Invariant
light condition for color segmentation. We are researching algorithms for segmenting images regarding of
shadows, light conditions and noise.

e Enhanced virtual reality. We are planning to develop an enhanced virtual reality field that will allow us
to test our four Sony robots in competition against four simulated robots.

e Team strategies acquisition. We have developed distributed reinforcement learning algorithms for team
strategies acquisition and used a Nash equilibrium model to make rational decisions among the robots.
Those algorithms were tested in a simulator and we intend to test them in the AIBOs.



2. Proposed approach to address the RoboCup challenge

We plan to continue following a modular architecture as close as possible. The main system components are:
locomotion module, vision module, communication module and decision module.
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This structure allows us to decompose de overall problem in layers:

Low level robot control: Using inverse kinematics techniques to move robot’s legs and head as quickly as
possible to perform simple tasks such as: standing up, walking, running and blocking.

Object tracking and self-localization: Image processing and pattern recognition algorithms to localize
quickly the ball, beacons, goals, teammates, opponents, and reliable algorithms for distance estimation of
objects and self localization on the field.

Off-line skill learning by individual robot: Learning to intercept the ball or learning to kick the ball with the
appropriate power. We are considering that a good individual player’s behavior should be the following
sequence (1) find the ball, (2) go close to the ball, (3) get control of the ball, (4) shoot towards the goal or
pass the ball to a teammate.

On-line skill and collaborative learning: Learning to play as a team, more precisely, the problem of
coordinating agents in offensive and defensive team strategies - in order to take into account the
contribution of all of the agents involved in a given play.

3. Background of the principal investigator

Ma. de los Angeles Junco, PhD, Multi-agent systems and artificial intelligence.

Ma. de los Angeles Junco received her B.Sc. degree in Computer Systems in 1989, her M.Sc. degree in
Computer Science in 1993 and her Ph.D. degree in Computer Science in 2003. Her Ph. D. research proposed a
distributed and rational decision-making model, based on Nash equilibrium and using a distributed Q-learning
model, for gathering team strategies in a soccer agent domain.

In 1994 she joined the Department of Computer Science at Tec de Monterrey as a full-time lecturer and
researcher. Since then she has participated in projects such as: Speech recognition, Manufacturing cell
automation, TecRobocup and Soccer strategies for B2B strategies.
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4. Description of the team organization

Our team is composed by four professors, un PhD. student, two master student and seven undergraduate
students. We are internally organized in four groups: the locomotion group, the vision group, the decision group
and the core-architecture group. Each competition we are testing enhanced versions of vision, motion and
decision modules. For example, the locomotion module has corrected the inverse kinematics, the foot path
generator and the interpolation algorithm. The vision module has enhanced segmentation by using inductive
learning models and heuristic techniques. In the case of the decision module we are testing our collaborative
strategies, localization algorithms and world model.
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