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Abstract. This paper presents the research done in the
| aboratory of Robotics and Mechanics | TSSMI for preparing
to RoboCup 2016 in Leipzig, Gernmany. Research in the areas
of conputer science, nechanics, conputer vision, walking
techni ques, anong others nentioned are done. Fal conbots
has participated for five years in a row in the
conpetition, 2011 in Istanbul, 2012 in Mexico, 2013 in the
Net herl ands, 2014 in Brazil and 2015 in Chi na, thus having
a considerable experience for racing. This article
describes the specification and devel opnent of robots
Fal conbots team t hroughout the stakes in RoboCup.

1 I ntroduction

| TSSMI. The program of robotics and nmechani cal | TSSMI ( PROVETEC)
is alearning programborn in August 2015, for students who are in
any of the offered university courses at the Technol ogica
Institute of San Martin Texnel ucan. The program includes various
problems and challenges that are in the current society. In
research conducted in PROVETEC, it is research in hunanoid
robotics. This research addresses various related issues, hinself
have been built since 2015 new prototypes nmanufactured in this
project. The probl ens addressed in RoboCup conpetitions have made
the team |l ook into the need to i nprove the designs and prototypes
created in the program The Fal conbots team has had a significant
progress during their progress in RoboCup. The areas of conputer
science and artificial vision were only addressed as it was working
with the robot DARM n OP. Throughout the research the team has
changed platform handling robots such as Robonova, Bioloid and
the aforenentioned DARWM N OP. In recent years he has worked on
creating its own platformto cover other areas of research, such
as mechanics, i nverse Kkinematics, bal ance techniques and


http://www.fumanoids.de/

electronics. W have worked with the Darwin OP platform and
conbined it with our platformto enable a nore efficient taking
into account sone points of interest.

Conmi t nent

The Fal conbots teamis conmitted to participate in the RoboCup
2016 in Leipzig, Germany and provi de a know edgeabl e arbiter of
the rules of RoboCup hurmanoi d | eague.

2 Mechanical structure

The structure of the robot with Fal conbots counting equi prent,
robot FALCONBOT ONE and TWDO FALCONBOT robot, equipped with the
classic structure of 20 degrees of freedom of which 6 are in
each leg, each arm 3 and 2 head. Both robots neet the
requirenents to participate in the category KID size RoboCup
humanoi d. For nmechanical structure two materials were used
| atest technol ogy. 5052 al um num used tenple 32 for parts with
increased |load and torque applied and strategically aesthetic
and functional pieces a 3D printer that handles ABS PLUS was
used. Here the basic structure of both robots shown conpared.

1. FALCONBOT TWO 2. FALCONBOT ONE



2.2 Sensor and actuator

The two robots 20 have DOF which are driven by a servonotor
each. The actuators used for the movenent of the degrees of
freedom of the robots are the Robotis conpany in its series
MX106, MX64 and Mk28. The engi nes are used in a specific position
to exploit its torque and providing feedback to inprove
ef fecti veness without affecting the novenent is used.

The robots use readi ngs fromvarious sensors to performa study
on the current status in space. These readings are based on
general inertial body novenment and support of the secondary unit
to process themthrough a serial conmunication

The canera is also a sensor that obtains a sequence of inages
to obtain position data in space and | ocation of the objects of
interest. The camera used to acquire and process inmges the
Logitech C920. It is used in a resolution of 900 x 720.

2.3 Miin Controller

To optimze conputing resources and better system performance,
especially the vision systemand | ocalization, Intel NUC conputer is
used with a custom operating system based on Linux. Wth an Intel
Core i 5 processor and 4GB of RAM the systemis optinized to maxim ze
conputing resources

Et hernet and USB-Serial interfaces are used for conmunication with
ot her devices are there in the robot.

2.3 Sub Controller

Devel opment board STMB2F4DlI SCOVERY is used to create a gateway to
the main conputer, which is used to send the inertial and position
data in the space robot, in turn acts as an interface between the
engi ne and control system

3 Sof t war e

The control system and decision-naking is scheduled MatLab with a
mai n control nodul e and the vision system and c ++ and assenbly for
nmotor control and acquisition of inertial data through the gateway.
The systemis divided into 4 nodul es of interest:



e Artificial vision nodule

e Loconotion and ki nematic control nodul e

e Mdule filtering and interpretation of inertial data
e Localization Mdule

3.1 Artificial Vision System

In the conpetition of RoboCup in humanoid |eague, nobstly in the
category was established that the ball game, the goals and lines of
the court were white, that means that nost el enents are there in the
envi ronnment 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 nmake the
conputational cost is cheaper and at the sanme tine facilitate the
recognition of patterns.

I mge acquisition is done through the C920 canera in his YUV col or
space, to subsequently apply a Gaussian filter to inprove the inage
basic nmedium An algorithm for optinmal recognition of light in the
environment applies to level the native canera settings and so have
the optinal imge.

F(2) = ag— VP

Recognition of the ball and the goals is perforned under two
conditions, the first is to have only a pattern and unique colors
for detection, ie, the mninmmdetected colors to save conputationa
resource. The Kneans algorithmis used to cluster with pixels. By
applying the Gaussian filter and jointly knmeans algorithm the result
is an inage with only 8 detectable and filtered to make a nappi ng of
colors in which the target will be the inportant col ors.
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Later when the inmage is already in the core data, two sets of
i ndi vidual data are separated by applying a basic Hough transform
algorithm to detect patterns in a circle and patterns shaped |ine,
and the ball correspondingly goals. Al this is done through Cctave.



3.2 Loconoti on and behavi or contr ol

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 deci si on maki ng process of the central control
system The main decision is based on what the vision processing
system A finite state machine high level controls novement of the
body in general.

In lowlevel system of loconotion it is in kinematic analysis. The
resol ution of inverse kinematics is based on the resol ution made by
the team Darwin for robot DARMn OP. Kinematic analysis is solved
and t hrough the techni que of pendul um bal ance i nvested a stable ride
is done. 20 DOF robot-like DARW n OP, nake the system | oconotion
much |ighter and stable.

The center of mass of the robot is in the right spot to generate a
hi gher speed in the FALCONBOT TWO, 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 CW30 controller for controlling the notors
and sensors. A serial comunication interface to a conpass through
the i2c bus was inplenented. The conpass sensor is inplenmented 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 conmunication to UART2
serial bus.

5 Concl usi ons

This paper mainly introduce the details of FALCONBOT ONE, including
its hardware configuration, electronics architecture, software
architecture, and difference conpared with FALCONBOT TWO
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