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Abstract. This paper describes the history and developments of our
team which is going to participate at RoboCup the first time. Our soft-
ware development is separated into three resorts, namely Brain, Motion
and Vision. Unlike many other teams, we decided not to use a software
framework published by other RoboCup teams, but to develop everything
our own.

1 Team Description

We established our club in April 2013. Since then, the team has grown to more
than thirty members. All of them are working fully dedicated on the develop-
ment of the software. We are excited to participate in the worldcup and show
our work to the world. Our university provided us with a laboratory directly on
the campus where we installed an entire SPL soccer field (dimensions of 2013).
Thanks to the special support of our sponsors and the great commitment of our
members we feel ready to participate in competitions.
Moreover, we have raised great financial support and will therefore be able to
fund our participation in RoboCup 2014.
For preparation we are already participated at the German Open this year.
Past relevant scientific work related to the NAO is listed in the references [1–7].

2 Motion

The motion department of our club is in task with the implementation of motion
functions which are useful for the competitions. Currently we offer a seminar for
all students about the kinematics and dynamics of the NAO robot. This seminar
is planned to be extended to also teach fundamentals about image processing
and Artificial Intelligence (AI). The seminar is already part of the curriculum
for some courses of study as an elective course.

2.1 Dynamic Robot Model

Since the Zero Moment Point (ZMP) [8] is an indicator for the stability of the
robot, it is of high interest to know its position. The Force Sensitive Resistors
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(FSRs) inside the feet of the real NAO are not reliable in terms of accuracy.
Therefore another way to receive feedback of the mechanical system is needed.
This leads to the approach of designing a mechanical model of the NAO, which
can calculate the position of the ZMP based on the angular acceleration in each
joint. It was developed in [2] and has been enhanced to a more accurate one
since then. One important aspect of the thesis is the slackness of each joint
because no joint in a realistic system is perfectly rigid. The reason for this is
usually the wear and the elasticity of the gears and the material. This behavior
can even be intended by the manufacturer to damp the forces acting on certain
joints and thereby prevent damage to highly sensitive sensors e. g. in the ankles
of the NAO. The effect of the slackness on the entire system can be shown by
an easy example.

Figure 1: Momentum acting on the arm (green) and momentum acting on the
rest of the body (red) in the left picture. Resulting slight movements of the
joints in the right picture (blue).

Consider the NAO standing on one leg moving his arm like it is indicated in
Figure 1 with the green momentum. With perfectly stiff joints the counter
momentum would “propagate” from the shoulder to the foot and would be
equalized by the ground, provided that it is not strong enough to move the
ZMP out of the support area spanned by the foot. In a realistic system each
joint will move slightly in the direction which is indicated by the blue arrows.
These little motions cannot reliably be detected by the hall sensors and lead
to a more unstable and unpredictable behavior of the NAO and have to be
considered when modelling it.



2.2 Walking

We have been investigating the two most common approaches for implementing
a robust and fast walking algorithm for biped robots which are the 3 Dimensional
Linear Inverted Pendulum Mode (3DLIPM) [9] and the cart-table model [10].
Both methods show advantages and disadvantages, and we developed a hybrid
models, which takes the advantages of both models. The 3DLIPM does not
require knowledge of the ZMP [8] as well as knowledge of the future pattern and
is used for the lateral motions. The cart-table model is used for the ensuring
stability for sagittal motions. Our current implementation is a fully adaptive
walk which uses sensor feedback from the joint position sensors as well as from
the IMU.
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Figure 2: Adjustment of support change time in case of pushes.

The current implementation is mainly based on the control algorithms proposed
in [11] where the point in time for a support change is calculated by a filtered
estimation of the pendulums position and velocity in y-direction (see Figure
2). Since the proposed method only takes the y-direction of the model as a
basis for changing the support foot, this can lead to very large step sizes in
x-direction when the robot is pushed. Hence, we developed alternative methods
for computing the step sizes to stabilize the robot when being pushed. Since the
approach in [11] suggests to simply follow the natural movement of the pendu-
lum model, the ability of applying torques to actively influence the pendulum
motion is neglected. Therefore we tried to actively apply torques within the foot
which has shown to significantly improve the walking stability. We are currently
summarizing our new approach for publication.

2.3 Fallmanager

When watching SPL RoboCup games, one can easily recognize that a fallen
robot needs a lot of time for standing up and getting itself ready for playing
again. Especially when fighting for the ball, it is of high interest not to fall.

We observed that most of the other teams can recognize when the robot is
falling and removing the stiffness from the joints to prevent the robot from



being damaged, but most of the teams does not try to prevent the robot from
falling. For that reason, we developed our own Fallmanager, which is able to
prevent falls in many situations.
The Fallmanager will be demonstrated at the OpenChallenge.

2.4 Standing Up

Since robots will fall during the competitions, it is of high interest to stand up as
fast as possible. This is especially important for the goal keeper as well as for the
field players not to loose time while defending or attacking. Our NAO realizes
its orientation when lying on the ground and is able to act accordingly with an
efficient stand up routine, which currently takes four seconds and has potential
to be decreased by another second. This is compared to other published videos
of stand up routines very fast.

2.5 Controlled Stiffness

It is desirable to reduce the power consumption of the robots not to waste
energy and keep the temperature of the motors low. Therefore we implemented
controllers to reduce the stiffness of the motors not only while the robots are in
a static position but also during movement.
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Figure 3: Stiffness control loop

For each joint we used the control loop display in Figure 3. In order to implement
the feed-forward control it was necessary to develop a dynamic model of the
robot to predict the torques. The controllers itself are simple P-, PI- and PID-
controllers. The controllers were tuned heuristically. Nevertheless the power
consumption was reduced by up to 30 % without affecting the movement of the
robots significantly [6].

2.6 Future Research

In future we will work on improving our walk and kick algorithms and the
development of a kick which can be applied out of the walk. Other topics of
interest are the implementation of a save fall mode for the robots, especially for
the keeper. The controlled stiffness outlined in section 2.5 is currently based on



simplified models and we will investigate if there is improvement by using more
detailed ones.

3 Vision

Without the ability to perceive the situation on the field the robots are totally
lost. Therefore the vision department is working on routines to observe all
important information of the game situation. A balltracker has already been
implemented, as well as solutions to the localization problem. Our soccer field
and ground truth system has already helped us to test and improve our current
approaches.

3.1 Balltracker and Estimation of Trajectories

In order to track the ball in real time a fast algorithm had to be developed. In our
implementation we make use of the OpenCV framework in order to track the ball
almost instantaneously. The theory and implementation is described in detail [1,
4]. This algorithm allows the NAO to perform fast head movements and results
in the ability to track the ball while moving at high speeds. Our trajectory
estimation is based on a frame-to-frame method, which uses displacement of
the ball between two subsequent frames in order to calculate its speed and
travel direction. The trajectories are then calculated based on the field’s friction
coefficient.

3.2 Selflocalization

One key aspect of successfully applying strategic planning in the RoboCup com-
petition is a robust localization of the robots in the adversary environment of
the game. Our localization is based on the two approaches summarized in the
following. Furthermore the position filter merges all available information in an
optimal sense. To evaluate the results a ground truth system was implemented
as shown in Section 3.3.

Goal Localization. As a first approach a localization based on the perceived
goal posts was developed. In the thesis [5], the position of the NAO is calcu-
lated from the bottom of the goal posts. The method developed in this thesis
determines the position of the robot analytically, which results in a good per-
formance. With a mean error of about 30 cm the results are definitely precise
enough to use them for strategic planning e. g. in the RoboCup competition.
Since we can use this approach to locate the robot relative to the goal indepen-
dently of the surrounding environment we will use this to participate in the Any
Place Challenge.

Map Matching. Since the goal is not always visible in a competition we
developed a solution to the localization problem based on the lines of the field. In
the thesis dealing with this problem [3] multiple approaches for finding the lines
were evaluated for robustness and performance. Using a Hough Transformation
the field lines are detected while filtering out opponents and other robots. These
lines are then projected onto the ground to match them to the given map.



Figure 4: Detected lines which are going to be projected on the ground and
matched with the map

To improve accuracy a readily available internal calibration of the camera was
used [12], while for the external calibration a custom procedure was developed.
All possible positions are calculated depending solely on the detected lines,
without the need of calculating any features. The resulting position has an error
of less than 20 cm in a real world scenario. For testing, tuning and evaluating
this approach a GUI was developed (see Figure 5), which proofed itself being
useful not only for the localization. Since the approach does not mimic other
solutions used in the competition but was developed independently we hope to
bring more diversity into the research.

Position Filter. In order to calculate the best estimation of each robot’s cur-
rent position we developed a position filter based on a Kalman approach. This
filter currently combines the results of the Map Matching localization and the
known motion commands (odometry) to find the actual position of the robot.
This solution provides a robust estimation of the position. In the future we will
also include the results from the goal based localization to make the estimate
even more robust. We are currently working on a multi modal Kalman approach
in order to be able to faster recover from the loss of position after falling. This
will also include the localization of the ball to make sure the estimation is on
the right side of the field.



Figure 5: GUI for selflocalization and filtering.

3.3 SSL Vision (Ground Truth)

In our robotic laboratory an industrial grade camera is installed at the ceiling.
Using the SSL-Vision application [13] this camera can locate markers attached
to the robots (see Figure 6).
This way we can scientifically evaluate our localization methods, which has been
useful to improve the currently applied techniques. The ground truth data from
the camera will later be taken into account to provide an easy to use basis for
the AI and to evaluate the understanding of the overall game situation. In order
to be able to test and evaluate new improvements in a fast way a custom tool
was developed to record the situation on the field. We are currently using these
datasets to test and improve our solutions without the hassle of setting up real
scenarios.
In the future we will also extend the recognition capabilities of this system, to
cope with identifying NAOs without the need of markers. This way we will
be able to take part in the Autonomous Refereeing Challenge. In addition to
that this will further simplify the use of the system for analyzing real game
situations.

3.4 Future Research

Our current research is concentrated on implementing an opponent recognition
technique, which will function as the basis for the strategic planning. Apart
from that we are also working on making the self localization faster and more
robust while applying techniques to recover from a kidnapped robot situation.
In the future we will explore possibilities to compensate for fast movements in



Figure 6: NAO with marker, which is detected by the camera at the ceiling.

the image data in order to improve the performance while moving.

4 Brain

4.1 Software Framework

We decided to use a combination of Matlab, Webots and C++ for develop-
ing software for the robot. We utilize the simulation environment Webots to
be controlled from C++ which directly allows programming the NAO with out
framework for testing new algorithms.
For simulations we reimplemented the main functionalities of the Device Com-
munication Manager (DCM). Wrapper functions are used for accessing the
DCM which decide if commands are sent to the simulator or the real robot
by compiler flags. With the predescribed setup we can take the same code for
simulations and for the real robot.

4.2 boost::msm

To model our behaviours we looked into other teams code to what they are
doing. But the code was not suited for our needs. So we decided to use the
boost Meta State Machine (MSM) library to model our statemachines. To see
what the state machines are doing we developed a python script to visualize the
statemachine with graphviz.

4.3 Sound Recognition Challenge

To master this challenge we follow a two step approach. Firstly we are going to
apply audio filters to get rid of noise and extract the frequencies corresponding



to the supplied wav-files resp. the whistle blow [14]. In the second step pattern
recognition is performed on the filtered audio singal by feeding it to a network of
perceptrons. At a match the robots’ arm will be triggered to indicate successful
detection. In order to train the network of perceptrons before entering the
competition we are going to install speakers according to the challenge rules in
our laboratory.
Starting from Aldebaran’s ALAudioDevice we plan to move to the ALSA library
later to have a more direct access to the sound hardware and not to depend on
any vendor-specific implementation.

4.4 Decision Making

In the future we want to revise our decision making approach taking into ac-
count probablity and utility theory. Therefore we will assign probabilities to
the uncertain events and utilities to the possible outcomes of our actions. To
obtain rational decisions the action with the highest utility value is chosen.
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