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Abstract. This team description paper describes the organization, research focus and ongoing work of the UChile Robotics Team entering the
RoboCup Standard Platform league in 2014.
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Introduction

UChile Robotics Team (UChileRT) is an effort of the Advanced Mining Technology Center and the Department of Electrical Engineering of the Universidad
de Chile in order to foster research in mobile robotics. Since 2012, UChileRT has
been carrying out a restructuring process, where several changes and improvements are being implemented. Product of this, we have jumped from the last
positions in the last years, to be within the top twelve teams in RoboCup-2013.
In order to continue improving our game performance, currently some new developments and enhancements in our software code have been carried out. In
addition, two doctoral thesis directly related with soccer robotic are under development.

2
2.1

Research focus
Dribling Engine

A methodology to learn the ball-dribbling behavior in biped humanoid robots has
been reported in [1], it proposes to model the dribbling problem by splitting it in
two sub problems, alignment and ball-pushing. The alignment problem consists
of controlling the position and orientation of the robot in order to obtain a
proper alignment with the desired balls target. The ball-pushing problem consist
of controlling the robots speed in order to obtain, at the same time, a high speed
of the ball but a low relative distance between the ball and the robot, that means
controllability and efficiency. These ideas are implemented by three modules: (i)
a Takagi-Sugeno-Kang fuzzy logic control (TSK-FLC) for aligning the robot
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Fig. 1. Variables definition for the dribbling modeling.

when approaching the ball, (ii) an automatic foot-selector for choosing which
foot will hit the ball, and (iii) a reinforcement-learning (RL) based controller for
controlling the robots speed when approaching and pushing the ball.
The description of the defined behaviors uses the following variables:(vx , vy , vθ ),
the robots linear and angular speeds; α, the robot-target angle; γ, the robot-ball
angle; ρ, the robot-ball distance; and, φ, the robot-ball-target complementary
angle. These variables are shown in figure 1, where the desired target (⊕) is
located in the middle of the opponent goal, and with x axis pointing always
forwards, measured in a robots centered reference system.
The designed dribbling engine has been successfully tested and it is currently
included in our control architecture. It has shown better performance regarding
our last RoboCup dribbling behavior, please see our qualification video [2].
2.2

Localization Dis-Ambiguity

It has been developed a system for working out the self-localization ambiguity
problem. For this task, our goals identification module is used, which computes
color histograms on surrounding’s areas of the goals. The purpose is to assist
the self-localization with the goal identification module, including a prioritized
observation model.
This approach allows obtaining four different 3-D histograms (Y, Cr, Cb
channels) sampling the neighbor pixels of the detected goal and the region over
the visual horizon, as it is shown in figure 2. The implemented procedure is: i)
Obtaining reference histograms for both goals in the ready state; ii) calculating
frame by frame new histograms for comparing with the references; iii) computing
a similarity function to identify which of the goals is it; iv) updating the reference
histograms weighted with the current one, for ensuring dynamic and robust
behavior facing environment changes at the surrounding’s areas of the goal.
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Fig. 2. Color histograms on surrounding’s areas of the goals.

This method has been tested in real robots. Some partial results are shown
in the qualification video [2], where it is compared the behavior of the particles’
filter with and without histograms. Results show convergence of the particles towards the real robot pose, leaving techniques based on mirror poses as previously
used.
For avoiding wrong reference histograms or loss of certainty through time,
it is appropriate to set some reset conditions to the reference histograms, when
the robot has a good initial pose hypothesis (e.g. after penalized).
Currently, this localization dis-ambiguity method is only applied where the
robot is nearby the center circle of the field. In order to extend that, more reference histograms have to be obtained from different viewing angles and robot’s
poses on the field.
2.3

Robot Perceptor

The robot detection module has three different stages: i) to identify color regions
in the image that are potential robots, to do so, image segmentation is realized;
ii) to evaluate each region in relation to the other ones with a set of rules based on
proportion and aspect ratio, for filtering purposes. Then, in the same stage, the
detected robot pose is computed by using geometry projections. iii) to evaluate
a second set of heuristic rules to ensure the validity of the detection.
The robots detection has been successfully tested and it is capable of detecting robots that are seen at the front up to distances of 5m. Results are shown
in our qualification video [2] and figure 3.
Due to image segmentation imperfections, there are detection problems at
close range. Moreover, detection depends strongly on the orientation of the robot
that is being detected from the image. The improvement of these problems is
an immediate pending task. In addition, it is necessary to evaluate the robot
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Fig. 3. A robot perceptor capture, green boxes are the detected jersey shirts and red
points their projections on the floor

perceptor using jersey shirts with sponsor or team logos, according to the 2014
SPL rule book.
2.4

Bezier’s Curve Based Path Planning

It is being developed a Bezier’s curve based path planning [3]. The aim is to
calculate a curve path that takes advantage of translations along X axis, which
are much faster than translations along Y axis. The objective is to minimize the
robot translation time, taking into account the initial robot’s pose, the current
obstacle map, and the desired robot pose.
At present, current pose and target of the robot are evaluated frame by frame
in order to compute an optimal curve. Then, using information of the curvature
of the initial point of the path and instant velocity, the ẋ and θ̇ speeds are
computed. Finally, the robot calculates a curve trajectory that keep a desired
position and orientation.
This method has been successfully tested in real robots. Obtained curve paths
reduces the robot’s translation time regarding our previous approach. Some results obtained with a second degree Bezier’s curve (i.e., it is traced with two
control points) are shown on the qualification video [2].
It is intended to include the obstacles map in the curve generation. To do
so, a dynamic degree Bezier’s curve will be used, that will be determined by the
quantity of present obstacles. The new control points will be set according to
the position of the obstacles. Besides, it is planned to use the curve generation
together with a path planning method, in order to follow an optimal path.
2.5

Active vision

We are merging our active vision module proposed in [4] [5] [6] into our new
control framework. The proposed algorithm in our previous work considers an
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Fig. 4. A Bezier’s curve example is drawing with the red line. The target pose is the
yellow arrow, and the black lines indicate the two control points.

UKF step with a probabilistic approach to generate simulated observations, and
to decide which objects are more important using a value function. Now we
are improving the observation model of our algorithm with the inclusion of an
artificial neural network to modulate the simulated observations and to obtain
a model more fitted to real world.
We’ve explored new approaches for the active vision problem [4] [5] [6] and
we’ve been working in a new module able to merge both static and dynamic
observations in the field. The static information consists in preprocessed data of
the most important landmarks in the field, such as goals, corners, and central
circle, whereas that the dynamic information is related to mobile obstacles. Our
approach uses both kinds of information through a gaussian representation in a
pan and tilt space and selects the best position to move the robot’s head (see
figure 5), in order to mantain a good localization in spite of the pose and the
dynamic environment, We already implemented a preliminar version of these
ideas in our code and we hope to test it in a real environment in July, so as to
present the results formaly next year.

2.6

Acoustic Communications

In order to be a team with less dependence on wireless communications, we
intend to develop an acoustic communication module that sends and receives
short codified messages modulated over a dynamic band width according the
environment noise. Currently we are able to receive and record audio signals
by using directly the Advanced Linux Sound Architecture (ALSA) module integrated with the NAO’s kernel.
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Fig. 5. A preliminar image from the active vision module: the green points indicates
the grid used for the sampling step, whereas the blue spheres indicate target points.
Big points represent best targets for localization.

2.7

Control Architecture

According to the terms of the B-Human Code Release license, we have announced
before RoboCup 2013 that UChile Robotics Team is using the B-Human 2012
control framework. In addition to modules aforementioned, our main modifications to this framework are listed as follows:
1. Simultaneous access to both cameras: An extra vision thread has been
added for processing images from the secondary camera in parallel to the
main one. This secondary thread is called when it is required, instead of
switching the cameras.
2. Decision Making: All individual behaviors and team coordination. Currently we are developing our behaviors by using XABSL language[7]. Since
the BHuman-2012 code release has replaced XABSL by SMBE, we had to
fully integrate the XABSL tool into the BHuman-2012 source code.
3. C-Make project: It has created a custom C-Make integration to generate
an alternative multi-platform project in order to include our modifications
and future module additions in an easier way.
4. SimRobot customization: Background pictures have been added behind
of each goal in order to develop and debug our goal dis-ambiguity method.
We are working on SimRobot[8] to have full support for the secondary camera
process.

3
3.1

Current Research Lines
Reinforcement learning

This line of work is part of the doctoral thesis of one of the team members.
It is proposed to generate a methodology for implementing a decision making
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Fig. 6. Some SURF descriptors taken from the upper camera by using the OpenSurf
library R .

system, defining a state space according to specific game configurations, taking
into account positions and probable team actions, and training recurrent and
relevant game situations.
This work includes three main stages: i) the implementation or learning of
tasks such as dribbling, intercepting the ball, kicking, going to strategic positions,
and other similar basic behaviors; ii) the identification of specific game settings,
and recurrent and relevant playing situations; iii) the reinforcement learning
of high level behaviors based on a state-space transformation according to an
specific game setting.

3.2

Humanoid biped gait

This line of work is also part of the doctoral thesis of one of the team members. It
is proposed to develop a methodology for designing a humanoid biped gait based
on Dynamic Movement Primitives (DMP)[9, 10], developing a robust walking
adaptive to some physical robot conditions (gear wear, encoders offsets, etc.).
The trajectory generation are performed by using DMP instead of analytical
models based on inverted pendulum or ZMP, trying to minimize its extensive
required parametrization. The base leg trajectories are learned by imitation from
other already implemented gaits and optimized with reinforced learning. Because
this initial knowledge taken from imitation, it is possible to reduce the number
of epochs. So, it is able to implement reinforcement learning process in a real
robot maximizing exploitation over exploration.

3.3

Self-localization supported by natural landmarks

As part of the advised work of our graduate to undergraduate students, we
are working on methods to support the localization module. Currently we are
using and evaluating some natural landmarks based on SIFT, SURF, and Fern
descriptors, in addition to faster methods such as color and LBP histograms.
Some SURF descriptors obtained by using the extra vision thread mentioned in
subsection 2.7 for driving the upper NAO’s camera are shown in figure 6.
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Past Relevant Work and Scientific Publications

UChileRT has been involved in RoboCup competitions since 2003 in different
leagues: Four-legged 2003-2007, @Home in 2007-2012, Humanoid in 2007-2009,
and Standard Platform League (SPL) in 2008-2012. UChile’s team members
have served RoboCup organization in many ways: Javier Ruiz-del-Solar was the
organizing chair of the Four-Legged competition in 2007, TC member of the
Four-Legged league in 2007, TC member of the @Home league in 2009, Exec
Member of the @Home league since 2009, and co-chair for the RoboCup 2010
Symposium. Among the main scientific achievements of the group are the obtaining of three important RoboCup awards: RoboCup 2004 Engineering Challenge
Award, RoboCup 2007 and 2008 @Home Innovation Award. UChile’s team members have published a total of 30 papers in RoboCup Symposia (see Table 1), 20
of them directly related with robotic soccer, in addition to many papers in international journals and conferences. A briefly description of some contributions
and past relevant work is listed below.
Table 1. Presented papers in the Robocup Symposia by year
RoboCup Articles 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Oral
1
2
1
1
2
3
2
2
1
1
Poster
1
1
1
3
2
2
1
2
1

4.1

Open Source Contribution

Tutorial - ROS Cross-Compiling and Installation for the NAO V4: UChileRT
has uploaded to the ROS community, a detailed tutorial to build, install and
run ROS natively onto the NAO V4 [11]. To the best on our knowledge, this
was the first tutorial that provides a step-by-step guide to build, install and run
ROS embedded onto the Atom CPU of the latest NAO V4 robot.
ROS Node - Motion Module: Currently, UChile Robotics Team is using the BHuman walking and motion engine [12]. That motion module has been isolated,
integrated as a ROS node, and shared as open source code. It is described in
[13].
4.2

Perception

Vision System: UChileRT have developed an automatic on-line color segmentation technique that makes extensive use of the spatial relationships between
color classes in the color space [14]. Using class-relative color spaces the system is
able to remap color classes from the already trained ones. For achieving that, the
system uses feedback information from the detected objects using the remapped
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(or partially trained) classes. The system is able to generate a complete color
look-up table from scratch, and to adapt itself quickly to severe lighting condition changes. In addition, the vision system incorporates a spatio-temporal
context integration module that increases the robustness of the vision system
[15, 16]. The module computes the coherence between a given detection (object
candidate) with other simultaneous detections, objects detected in the past, and
the physical context. A Bayesian model integrates all these information sources.

4.3

World Modelling

Self-Localization: UChileRT has improved classical self-localization approaches
by estimating, independently and in addition to the robot’s pose, the pose of the
static and mobile objects of interest [17]. This allows for using, in addition to
fixed landmarks, dynamic landmarks such as temporally local objects (mobile
objects) and spatially local objects (view-dependent objects or textures).
Ground Truth: UChileRT has developed a portable laser-based ground-truth
system [18]. The system can be easily ported from one environment to other and
requires almost no calibration.

4.4

Decision Making

Obstacle Avoidance: An obstacle avoidance engine based on ultra-sonic sensors
(US), arms contact detector, and feet’s bumpers was developed and it is still
fully functional [19]. It uses those US operation modes where NAO’s transmits
and receives at the same time (modes 12, 68, 72 regarding NAO’s DCM decimal notation), enabling writing/reading modules and turn on/off sensors as it
corresponds. After a median filter, an offline configurable obstacle grid is filled
according to obtained measures of distance and angle from the three available
cones (left, right, and combined). This obstacle grid is complemented and also
filled with readings from the arm contact detector and the feet’s bumper. Some
obstacle avoidances can be seen in our qualification video [2].
Dynamic role assignment: UChileRT has developed a dynamic roles that allows
the players to change their role within the formation, depending to the situation.
To accomplish this, the shared ball information is used to predict the robot that
takes less time to reach it. This robot turns in the Striker, and the responsible
to commit all the necessary actions to score. Besides, there is also the roles of
supporter, defender and forward, that are assigned according to the positions
where the robots currently are. For last, the goalkeeper stays on the goal unless
he is the best qualified to be the striker, in which case, he takes this role. Please
check the qualification video [2] to see our dynamic role assignment in some
RoboCup-2013 games.
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Active Vision: UChileRT has developed a task oriented approach [4] [5] [6] to
the active vision problem focused to SPL games. The system tries to reduce
the most relevant components of the uncertainty in the world model, for the
task that robot is currently performing. It is task oriented in the sense that it
explicitly considers a task specific value function.
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