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Abstract. This paper describes the research conducted at
the I TSSMI robotics and nmechanics | aboratory in the area
of humanoid robotics in preparation for the upcom ng
RoboCup in Nagoya Japan. The nost i nport ant
characteristics of the research and the characteristics
of our robots are observed, as well as some reviews of the
FALCONBOTS teanmis participation in 6 consecutive years
wi t hi n RoboCup. W present the nost inportant features of
our devel oped robots and those being investigated.

1 | nt roducti on

| TSSMI. Fal conbots Robotics Teamis the name of the robotics team
within the RoboCup organization, which comes from a word game
between robot and hawk. This team is forned by students of
different degrees, fromwhich they are selected to participate in
the team The Falconbots team has a significant track record
t hroughout RoboCup, participating for the first tinme in 2011 in
I stanbul, Turkey, in 2012 in Mexico, in 2013 in the Netherl ands,

in 2014 in Brazil, in 2015 in China and in 2016 in Germany. The
participation of the team has nmade an evol ution over the years

with a new adninistration since 2015 and revol utioni zing the way
to generate robotics. The creation of our first prototype FALCONBOT
ONE, pronpted the creation of many other robotic devices dedi cated
to scientific research. Solving inportant chall enges proposed by
RoboCup Humanoi de | eague, the first step was to wal k on synthetic
grass, which was also very stable. A predictive autobalance
al gorithm stabilizes the robot on uneven surfaces. For the first

time, the problem of the 50% white balloon size 1 is attenpted

Si npl e i mage segnentation algorithns are used in conjunction with


http://www.fumanoids.de/
http://www.fumanoids.de/

a sinplified version of the K-Means Clustering algorithm and
detection of circles by nmeans of the NEWON transform obtaining
An advant age over the detection of the ball, however, had probl ens
in the participation with the first robot built 100% in the team
FALCONBOTS | TSSMI. The «creation of our second version, the
FALCONBOT TWO, improved the teams participation in the
competition, inproving the detection of the ball and goal posts for
orientation, as well as walking on artificial grass is nuch nore
stable. Throughout the vyear 2016 the third version of the
Fal conbot s has been devel oped, being at the nonent in the stage of
machining and assenbly, in order to inprove the participation
within the conpetition.

Commi t ment

The Fal conbots teamis conmitted to participate in the RoboCup
2016 in Lei pzig, Germany and provi de a knowl edgeabl e arbiter of
the rul es of RoboCup humanoi d | eague.

2 Mechani cal structure

Al'l versions of FALCONBOTS, are built on al um num5052 H32, with
a thickness of 2.32 mm and chemically treated for greater
strength. W used 3D and CNC technol ogy for the nachining of
each of the pieces, being able to build our own robots. At the
PROVETEC | TSSMI' research center, different robotic prototypes
are being built for research and are developed entirely at the
research center.

The mechani cal structure of the FALCONBOIS versions are based
on the typical structure of 20 degrees of freedom two on the
head, three on each armand five on each leg. Inproving in each
version the torque or torque in the engines and reestablishing
the dynanmi c and ki nematic cal cul ati ons, causing an increase in
the size of the robot.

The first version of FALCONBOT had a hei ght of 54 CM the second
versi on of Fal conbots had a height of 60 CM and it is intended
that the third version of FALCONBOT has a nini mum hei ght of 80
CM Shown in the following figure, the three versions of the
Fal conbots platform their simlarities and differences in
mechani cal structures refers
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2.2 Sensor and actuator

The robots of FALCONBOTS, has as a nethod of driving the joints,
hi gh torque notors brand Dynani xel, of different series, we use
the series MX28, MX64 and MX106, which are i npl emented accordi ng
tothe nature of the joint. The actuators are placed in strategic
positions according to the kinematic configurations to fully
exploit the capabilities of the actuator. Constant feedback is
obtai ned to optim ze engi ne perfornmance, setting a |l ook-up table
for optinmal perfornmance of each actuator. In addition, HALF
DUPLEX communication is used in four open channels to contro

the actuators bilaterally, this leads to better use and nore
f eedback cycles for optimzation

Qur robots use the readings of a 9DOF | MJ to know the physica

state of the systemin space in very short periods of time. A
predi ctive autobal ance al gorithmuses these readings to optim ze
and inprove the position and stabilization of the robot. The
sensors in conjunction with the systemuse the inertial novenent
of the body to generate an inprovenent in the position of the
body when the robot is parked or when the robot is dynamcally
wal ki ng.

The canmera is the nost inportant sensor of our robots, since we
know the state of the system and space to determ ne the next
action. The canera used by our robots is the LOd TEC C920 br and,
with a resolution of 640 * 480, and the YUV col or space.

2.3 Miin Controller

To optim ze processing and i nprove system speed, a NUC I NTE, with
4GB in RAM is used in conjunction with the Linux-based operating
system This conputer version is used for the resources offered and
thus maxim ze the results of all algorithns.

The interfaces used in the main conputer are the ETHERNET port and
a USB- SERI AL converter, in order to conmunicate the robot with the
secondary card. This conmmuni cati on nakes possi bl e the feedback by

some sensors in the robot.

2.3 Sub Controller



Devel oprment board STMB2F4DlI SCOVERY is used to create a gateway to
the main conmputer in the Falcnbot TWO, In the robot Falcnbot 3, a
card devel oped by the research |aboratory PROVETEC is used, which
has an | MJ sensor of 9DOF for the inertial neasurenment of the robot.
This card offers 4 channels of bilateral open conmmunication with the
actuators, to inprove the speed of comuni cation with these and thus
i mprove the feedback to nmake the correspondi ng i nprovenents.

3 Sof t war e

The control system and decision-making is scheduled MatLab with a
mai n control nodul e and the vision system and ¢ ++ and assenbly for
nmot or control and acquisition of inertial data through the gateway.
The systemis divided into 4 nodules of interest:

« Artificial vision nodule

e Loconption and kinematic control nodul e
* Mdule filtering and interpretation of inertial data
e Localization Mdul e

3.1 Artificial Vision System

In the conpetition of RoboCup in humanoid |eague, nostly in the
category was established that the ball gane, the goals and |ines of
the court were white, that nmeans that nost elements are there in the
envi ronment have a Col or in conmon.

This makes difficult the collection of data of particular interest.
In order to facilitate recognition of objects of interest within the
vicinity of the soccer field, apply techniques to neke the
conput ational cost is cheaper and at the sanme tine facilitate the
recognition of patterns.

I mage acquisition is done through the C920 canera in his YUV color
space, to subsequently apply a Gaussian filter to inprove the inmge
basic medium An algorithm for optimal recognition of light in the
envi ronnment applies to level the native canera settings and so have
the optimal imge.
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Recognition of the ball and the goals is performed under two
conditions, the first is to have only a pattern and unique colors



for detection, ie, the mininumdetected colors to save conputati ona
resource. The Kmeans algorithmis used to cluster with pixels. By
appl ying the Gaussian filter and jointly kmeans al gorithm the result
is an inmage with only 8 detectable and filtered to nake a mappi ng of
colors in which the target will be the inportant col ors.
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Later when the image is already in the core data, two sets of
i ndividual data are separated by applying a basic Hough transform
algorithm to detect patterns in a circle and patterns shaped |i ne,
and the ball correspondingly goals. Al this is done through Cctave.

3.2 Loconotion and behavi or control

The behavi or of the robot is based on the classic control system of
finite state machi nes, where viewed from high level, this provides
behavi or based on the decision naking process of the central control
system The main decision is based on what the vision processing
system A finite state machine high level controls nmovenent of the
body in general

In lowlevel system of loconmotion it is in kinematic analysis. The
resolution of inverse kinematics is based on the resolution nade by
the team Darwin for robot DARWMn OP. Kinematic analysis is solved
and t hrough the techni que of pendul um bal ance i nvested a stable ride
i s done. 20 DOF robot-1i ke DARM n OP, nmake the system| oconoti on nuch
lighter and stable.

The center of nass of the robot is in the right spot to generate a
hi gher speed in the FALCONBOT TWD, ONE unli ke FALCONBOT.

4 El ectronics

The electrical system of the robot Falconbot One is based on the
robot DARM n OP, with an CMr30 controller for controlling the notors
and sensors. A serial conmunication interface to a conpass through
the i2c bus was inplenmented. The conpass sensor is inplenented to
cast the orientation of the robot on the field.

In the Fal conbot two, the control systemis based on the discovery
SMr32f4 mcrocontroller, which serves as a gateway between the
servonotors and the conputer through a direct comunication to UART2
serial bus.

In the Fal conBot Three robot, the control systemis based on a
m crocontroller PIC 18F2550, with direct commrunication through its



USB interface and using an FTDI |ogic converter, it is connected
through its serial port to the servonotors

5 Concl usi ons

This paper nmainly shows the progress of the FALCNBOTS | TSSMI t eam
facing the next RoboCup 2017 in Nagoya, Japan. It shows

i mprovenents fromthe first version of our robots to the |atest
version that is currently under devel opment, which will feature 24
DOF and high torque nmotors in nost joints.



Ref er ences

1.- Vaughan, R N Sunpter, A Frost, and S. Caneron.
"Experiments in Automatic Flock Control." Edi nburgh, UK, 1998.

2.- O Chutatape, Linfeng Guo. A nodified Hough transform for
l'ine detection and its performance. Pattern Recognition, 32(2):
181-192, 1999

3.- Dieter Fox, Wl framBurgard, Frank Dellaert, and Sebasti an
Thr un. "Mont e Carlo Local i zati on: Efficient Position
Estimation for Mbile Robots." Copyright 1999, AAAl..

4.- 1. Dynam xel Robotis. Updated information avail able at:

http://ww.robotis. conl xel/ dynani xel
5.- UMb Orientation Sensor. Updated information avail able at:

http://ww. chrobotics.com
6.- R Gabowski, L. Navarro-Sernment, and P. Khosla. "An Arny
of Small Robots." Sci Am Online May 2004.



