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Abstract— This paper shows an overview of the very small
size league team of ITAndroids. This team will participate
of the Latin American Robotics Competition (LARC), which
will happen along with the Brazilian Robotics Competition in
2015. This paper also contains information about the electronics,
vision system, strategy and mechanical parts of the robots.

I. INTRODUCTION

The robot soccer is category of college competition that,
all in all, requires two teams to respect certain rules of the
project, play the soccer match autonomously and the winner
is the team which does more goals. Hence, there are different
categories of robot soccer, each one with its own rules.

Specifically in the Very Small Size League, the games
occur with two teams with 3 robots in a wood field with
dimensions of 150 cm of length and 130 cm wide and an
orange golf ball.

Each team has a camera that is placed above the field, so
that an external computer is able to detect the positions of
each robot and the ball. The image data must be processed;
otherwise the strategy program will be harmed. The strategy
is responsible for deciding what actions the robots should
execute, in order to win the game. The commands are
transmitted from the computer to the robots by a radio module.

Fig. 1. An overview of the competition’s structure

II. THE ROBOTS

With the problem described above, we could conclude that
the whole strategy processing must be done inside an external
computer with strong computability capacity. Therefore, the
only thing the robots have to do is to receive speed commands

*Reserach supported by Instituto Tecnológico de Aeronáutica (ITA), São
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from the computer and execute them efficiently and as fast
as possible.

Regarding to efficiency, we mean that the robot must
achieve the desired velocity with a minimum error. However,
the system must be fast, or else the robots would take too
long the reach the necessary speed and the strategy would
be very uncompetitive.

A. HARDWARE

The first time ITAndroids team participated in the VSS
category was in 2014. In this year we could identify two
main problems with the previous hardware:

1) Mechanical instability in the corners of the robots.
2) Use of a single channel encoder which led to a lack of

rotation direction information.

Aware of this problems the team decided to build a whole
new model for the robot which would be 3D printed. The
resulting mechanical model is shown in the following figure.

Fig. 2. Mechanical model of the robot.

The electronic is composed by a processing unit, a 16
MHz micro-controller (Arduino Nano); an H-Bridge (Pololu’s
TBF6612FNG); a Pololu micro-motor with 51.45:1 gearbox
and with extended shaft; a 12 CPR (counts per revolution)
Pololu magnetic quadrature encoder, a 7.4 V Lipo battery
and a XBee radio module. The final encoder resolution is
Np = 51.45×12 = 617.4 CPR. The following figures shows
the PCB and the component placement.



Fig. 3. VSS robot circuit overview.

Fig. 4. PCB with microcontroller, H bridge and communication module.

The following figure shows the final assembly of the robot
with the electronic fixed in its mechanical structure. For
comparison sake, the previous 2014 robot and the new 2015
robot is shown side by side.

Fig. 5. Old robot (left) and new robot (right).

B. SOFTWARE

To project a suitable controller for our problem, we need
to determine the transfer function of the motor used in the
robot. One way to do it is obtaining the Bode diagram for the
system under the assumption that the system is linear. This can
be done exciting the system using sinusoidal functions with
various frequencies as the input and measuring the attenuation
and delay of the resulting output sinusoid.

To generate this sinusoidal functions the PWM (pulse width
modulation) can be used under the approximation of the motor
as a low pass filter where the resultant signal is the average
of the modulated signal.

For the acquisition of motor speed a quadrature encoder
with a resolution of 617.4 counts per revolution was used. To
detect pulse, it is necessary to use the external interruptions
functionalities of the pins and a timer programmed to create

regular periodical interruptions. In this case a delay of 5
ms was used and the acquisition system is depicted in the
following figure:

Fig. 6. Data acquisition system.
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Fig. 7. Encoder output signal example.

Repeating the method described above for various sinu-
soidal inputs with different frequencies the Bode curve was
obtained and is shown in the following figure:
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Fig. 8. Comparison between the Bode curves.



The resulting transfer function, obtained after running an
optimization algorithm to fit the curve, is given by:

G(s) =
3619

s+ 36
(1)

It is also important to highlight that usual DC motor model
is a second order model given by following expression where J
is the load inertia moment, b is the viscous friction coefficient,
R is the resistance and L the inductance.

P (s) =
Θ̇(s)

V (s)
=

K

(Js+ b)(Ls+R) +K2

[
rad/sec

V

]
(2)

Nonetheless, because of the low sampling rate used, it is not
possible to see the effect of the fastest pole due to electrical
characteristics of the motor (R and L). It is only possible to
see the slower pole due to mechanical characteristics (J and
b).

Finally, to validate the model we have tested the system
in a closed loop described in the following figure:

Fig. 9. Validation model using a closed loop system.

Fig. 10. Result of the closed loop system.

III. STRATEGY

The base of the team’s strategy is focusing on highly
reliable fundamental movement functions. The primordial
function, Velocity(), is responsible for setting our desired
speed on each wheel of a specific robot. The second most
basic function, Position(), is responsible of making the robot
move from point A to point B, regardless of the endpoint angle.
On top of these is the Kick() function, which makes a robot

get from point A to point B (usually the ball), at a desired
angle, so it can be shot to the desired goal. The movement
of the robots is primarily based on a unitary vector field,
which is a significant improvement of a basic potential field,
as only the desired angle is controlled. The potential field is
created by setting attractive “forces” relative to the desired
destination and repulsive “forces” relative to the obstacles
in the way. Graphically, it can be represented by a series
of directed vectors, each one pointing to the direction the
robot should follow under control. Once created the field, we
can easily control the robots path to the destination, avoiding
collisions. One should observe that, because of the movement
of the other robots (obstacles), the field changes in time and,
thus, has to be actualized constantly.

Fig. 11. Potential field example.

For the purpose of testing our strategies we used a simulator
from the FIRA soccer league (specifically from the Simurosot
Middle League), which required some adaptation from our
part so it could be similar to the very small size league.

Fig. 12. Overview of the Simurosot simulator.

IV. VISION SYSTEM
A. The vision algorithm

The vision system used in the ITAndroids VSS team can be
divided in 4 major processes, image acquisition, thresholding,
entity labeling, and entity grouping.



1) Image acquisition: The image is acquired using a C920
Logitech webcam, which allows up to 1080p30hz image
capture with fully programmable calibration such as white
balance and focus.

Fig. 13. Logitech C920 webcam.

Te camera is placed on top of the field and is connected
through a usb cable to the computer where all the processing
is done. The following figure shows the field build by the
team to train the strategies and the vison system.

Fig. 14. The field of the game.

2) Thresholding: The first step of the processing is to
convert the camera image in a set of binary images, i. e.,
black and white images with the information associated with
the filtered color.

For this filter, each pixel of the original image is classified
using determined thresholds in each color channel. This
process can be done in parallel using OpenCV library in
the GPU without more complicated programming.

Fig. 15. Thresholding process.

3) Labeling: Once with the binary image associated to
a certain color, it is necessary to label the connected pixels
with a single label as to differ pixels with a same color from
different robots. Moreover other information can be obtained
about this blobs such as its size, perimeter, geometric center
which are used to differentiate a robot from a noise in the
field giving more precision to the detection.

For this procedure the image can be modeled as an
undirected graph where the black (or marked) pixels are
the vertices and the edges only connect adjacent black pixels.
In this way the strong connected components of this graph
represent the pixels with the same label and thus a simple
DFS algorithm can be used to discover and store this entities.

Fig. 16. Labeling process.

4) Grouping: After the labeling process the system can
work with entities instead of pixels. These entities have
the necessary characteristics used to group them in sets
represented by a robot. The three main properties used in
this process are the color, size, and geometric center. In the
case of ITAndroids robots, the chosen pattern consists of 3
squares with same size arranged in a ”L” shape each one
with a different color.

Finally, after grouping the entities, it is possible to
determine the position and orientation of the robots using the
relative position of each entity composing the set.

Fig. 17. Grouping process.

B. The localization algorithm

The localization was developed in order to merge control
information with the artificial vision measures. The output of
the localization is an estimative of the robot real position, with
a better accuracy than both of the control and the artificial
vision ones. The dynamics of the system can be described
by the following differential equations:

ẋ = v(t) cos (θ(t)) (3)
ẏ = v(t) sin (θ(t)) (4)

θ̇ = ω(t) (5)



The control unit communicates with the system in discrete
time steps (T ). Assuming that the time the controller needs to
stabilize the linear and the angular velocities is a lot smaller
than T , it is possible to describe approximate that the v and
ω are constants during this time step T , therefore we can
establish the following model:

ẋ = v(kT ) cos (θ(kT ) + ω (t− kT )),

k ∈ N, t ∈ [kT, (k + 1)T ] (6)

ẏ = v(kT ) sin (θ(kT ) + ω (t− kT )) (7)

θ̇ = ω(kT ) (8)

Integrating in t over a time step T and assuming that T is
very small, the following model is obtained:

xk+1 = xk − vT sin

(
θ(kT ) +

ωT

2

)
(9)

yk+1 = yk + vT cos

(
θ(kT ) +

ωT

2

)
(10)

θk+1 = θk + ωT (11)

This process is also assumed to be stochastic and modelled
with Additive White Gaussian Noise. The final motion
modelling is described by the equations below, where gi ∼
N(0, σ2

i ):

xk+1 = xk + vT cos

(
θ(kT ) +

ωT

2

)
+ gx (12)

yk+1 = yk + vT sin

(
θ(kT ) +

ωT

2

)
+ gy (13)

θk+1 = θk + ωT + gθ (14)

The following model describes the measurement model,
where hi ∼ N(0, ϑ2i ):zxzy

zθ

 =

1 0 0
0 1 0
0 0 1

xy
θ

+

hxhy
hθ

 (15)

The noises are modelled as Gaussian noises. The motion
model is nonlinear, but the posterior probability distribution
is supposed to be unimodal, for the chosen approach for
the stochastic filtering was the Extend Kalman Filter (EKF).
The initial distribution is supposed to have a zero mean and
infinite covariance. The EKF algorithm is described by the
following equations:

1) Update Step:

µ̄t = g(ν, ω, µt−1) (16)
Σ̄t = JtΣt−1Jt +G (17)

Where g is the vector function described by the
equations (9)-(11) and G is the covariance matrix
associated to the random vector (gx, gy, g?). Note that
gx, gy and gθ are modelled as independent events, so
the covariance matrix G will have null elements in all
positions except for the ones in the diagonal. S is the

covariance matrix of the distribution (x, y, θ), whose
distribution is also Gaussian, according to the EKF
mathematical derivation. J is the Jacobian matrix of
the g function, as show below:

J =

1 0 −vT sin
(
θ(kT ) + ωT

2

)
0 1 vT cos

(
θ(kT ) + ωT

2

)
0 0 1

 (18)

2) Filtering Step:

Kt = Σ̄t(Σ̄t +Ht)
−1 (19)

µt = µ̄t +Kt(zt − µ̄t) (20)
Σt = (I −Kt)Σ̄t (21)

H is the covariance matrix associated to the random
vector (hx, hy, hθ). The filtering step here implemented
is relatively simple compared to examples usually
shown in EKF literature. The reason for this simplicity
is that the observation model is simply an identity
matrix plus the Additive Gaussian White Noise, since
the output of the computational vision module is already
the parameters used in estimating the real position of
the robot.

V. SIMULATOR
The ITAndroids VSS team decided to build its own

simulator to improve the strategy and vision testing without
the necessity of a real robot. The project is currently under
development and is planed to be used in further works.
Currently the project is using ODE physics system and OGRE
do render the field.

Fig. 18. Simulator flowchart.

ACKNOWLEDGMENT
We would like to thanks all of our sponsors that helped

us to achieve our goals, that is mainly to develop a practical
engineering spirit among the students of our college. We
also would like to thanks all the professors involved in the
creations of our robots and algorithms.



REFERENCES
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