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¢En qué piensas cuando oyes “robot”?
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https://youtu.be/YdnJI9T-yXI
https://youtu.be/WFK1gct60nc?t=22

https://youtu.be/4AMH7LSLK8Dk
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[Imagenes: Xataka 2018, Marketingdecommerce, Mechanik, Technavio, Fanuc, Droide Comunidad, PAL Robotics, Hiroshi Ishiguro Laboratory]



https://www.xataka.com/robotica-e-ia/boston-dynamics-nos-sigue-sorprendiendo-con-sus-robots-ahora-navegan-de-forma-autonoma-y-hasta-salen-a-hacer-running
https://marketing4ecommerce.net/robots-logisticos-de-amazon/
http://www.mechanik.media.pl/artykuly/cobots-expert-s-breakfast-wspolpraca-na-linii-czlowiek-robot-jako-odpowiedz-na-aktualne-wyzwania-rynku-pracy.html
https://blog.technavio.com/blog/top-21-companies-in-the-industrial-robotics-market
https://www.fanuc.eu/es/es/robots/p%C3%A1gina-filtro-robots/scara-series
https://droidecomunidad.com/2017/09/13/como-hacer-un-sigue-lineas-con-mbot/
http://pal-robotics.com/es/
http://www.geminoid.jp/en/mission.html
https://youtu.be/YdnJI9T-yXI
https://youtu.be/YdnJI9T-yXI
https://youtu.be/YdnJI9T-yXI
https://youtu.be/WFK1qct60nc?t=22
https://youtu.be/4MH7LSLK8Dk
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0.0: Pre-robots (hasta 1950)
1.0: Manipuladores (1950-1967)
2.0: Robots sensorizados (1968-1977)
3.0: Robots industriales (1978-1999)
4.0: Robots inteligentes (desde 2000)
y colaborativos (desde 2008)

1950 time

[Imagen basada en “lllustration of Industry 4.0 “ de “Christoph Roser at AllAboutLean.com”] 3
[Grdfica de “Dissecting Robotics — historical overview and future perspectives”]



http://www.allaboutlean.com/
https://arxiv.org/abs/1704.08617
https://arxiv.org/abs/1704.08617
https://arxiv.org/abs/1704.08617
https://arxiv.org/abs/1704.08617
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[Imagen de NAO: ROS Ecosystem & Applications [HyphaROS] -- by HaoChih] 5
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[Imagen del pitch deck de Eric Berger and Keenan Wyrobek, 2006:

https://spectrum.ieee.org/automaton/robotics/robotics-software/the-origin-story-of-ros-the-linux-of-robotics ]
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[Imagen de Jorge Cham, Ph.D. Comics:
http://www.willowgarage.com/blog/2010/04/27/reinventing-wheel] 6
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ROS

Open Source (BSD)

Meta-sistema operativo para el desarrollo de
sistemas robadticos: herramientas, bibliotecas y

convenciones. No real-time

Reusabilidad de codigo, ubicuidad, escalabilidad,
fomentar desarrollo SW robodtico de forma

colaborativa...
Orientado para UNIX

Distro Release date Poster

May, 2020 (planned, see
Upcoming Releases)

ROS Noetic Ninjemys TBA

ROS Lunar
Loggerhead

May 23rd, 2017
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3 Years!
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ROS Answers
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fob 1¥
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ROS-based robot *, f\ May 1820 2012
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ROS-Industrial .
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Mar 20 2013

The 1* Inter ROS
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meeting: ROS f‘"‘"‘.

ROS Indigo

ST

W ‘; lgloo Released
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ROS Jade Turtle
Released

ROS Kinetic
Kame

Released
Moy 23. 2016

A visual timeline of Robot Operating
System ROS) from 2007 to 2017
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http://wiki.ros.org/Distributions

ROS, no es solo un framework

* Plumbing: infraestructura de mensajes “publish / subscribe”.
* Herramientas: configurar, debugging, visualizar, etc.

» Capacidades: extensa coleccion de librerias.

* Ecosistema: comunidad en todo el mundo.

Plumbing Tools Capabilities Ecosystem

O\
DDI\I |A|_ :

ENTRO TECNOLOGICO [Imagen de https://www.ros.org/about-ros/ ]
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ROS, no es solo un framework

* Plumbing: infraestructura de mensajes “publish / subscribe”.

Plumbing
. J

Capabilities Ecosystem
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[Imagen de https://www.ros.org/about-ros/ ]
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Instalacion y setup

* |nstalar Ubuntu:
* ROS Kinetic soporta Wily (Ubuntu 15.10), Xenial (Ubuntu 16.04) y Jessie (Debian 8)

* ROS Melodic esta dirigido principalmente a Ubuntu 18.04 (Bionic), aungue otros
sistemas Linux, asi como Mac OS X, Android y Windows son compatibles en diversos
grados.

* http://wiki.ros.org/Distributions 2> http://wiki.ros.org/kinetic

 http://wiki.ros.org/kinetic/Installation: S sudo apt-get install <name>

 iImportante! https://answers.ros.org/question/325039/apt-update-fails-cannot-
install-pkgs-key-not-working/

O\
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Compilacidén de paquetes

catkin: sistema de compilacion oficial de ROS
http://wiki.ros.org/catkin/conceptual overview

catkin_make o catkin_build: con catkin_build se consigue un entorno aislado. Son
incompatibles.

* catkin_make: http://wiki.ros.org/catkin
 catkin_build: https://catkin-tools.readthedocs.io/en/latest/installing.html

* Crear el espacio de trabajo: S mkdir -p ~/catkin_ws/src

* Build:
* catkin_make: S cd ~/catkin_ws/; S catkin_make  |Riinaita
 catkin_build: S catkin init; S catkin build source /opt/ros/kinetic/setup.bash

source /home/youruser/catkin_ws/devel.setup.bash
export
ROS_PACKAGE_PATH=/home/youruser/catkin_ws/src:/opt/ros/kinetic/sh

O
_DIN IAI_ g
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Sistema de archivos

* ROS workspace: carpeta para organizar los archivos de proyecto de ROS.

* catkin workspace: espacio de trabajo de ROS donde se utiliza catkin como
herramienta de compilacion. Carpetas:
* build: archivos binarios compilados.

» devel: archivos de configuracion para el entorno ROS del proyecto y todos los
ejecutables binarios de su espacio src.

* logs: archivos de log

* src: contiene el codigo fuente. Esta es la carpeta de trabajo que contiene el software
organizado por “ROS packages”.

‘ Dm\l |_ build devel logs sre
|A 12

ENTRO TECNOLO




ROS package

e Crear un paquete: http://wiki.ros.org/catkin/Tutorials/CreatingPackage

* S cd catkin_ws/src
* S catkin_create pkg <name_package> <deps>

e Se creara una carpeta name_package con CMakelList.txt y package xml:

* scripts: scripts de python. s =
* src: archivos C++.

* Srv: servicios.
* Msg: mensajes.
* action: acciones. )
* launch: archivos launch.

LOIN iAI_®

## Compile as C++11, supported in ROS Kinetic and newer
# add_compile_options(-std=c++11)

## Find catkin macros and libraries

## is used, also find other catkin packages
find_package({catkin REQUIRED COMPONENTS

# cv_bridge

# opencv2

roscpp

rospy

SEnsor_msgs

std_msgs

CENTRO TECNOLOGICO

## if COMPONENTS list like find_package(catkin REQUIRED COMPOMENTS xyz)

Use doc_depend for packages you need only for building decumentation:
>

<doc_depend>doxygen</doc_depend> -->
<bulldlool depend>catkin</bulldtool depend>
<build_depend>cv bridge</build_depend>
<build_depend>opencv2</build_depend>
<build_depend>roscpp</build_depend>
<build_depend>rospy</build_depend>
<build_depend>sensor msgs</build_depend>
<build_depend>std msgs</build_depend>
<build_depend>message generation</build_depend>

Si necesitas mas dependencias:

S rosdep install <package name> 13



http://wiki.ros.org/catkin/Tutorials/CreatingPackage

Node

* Master (roscore) organiza el registro de nodos, monitoriza trafico...

* Node: unidad de software de procesamiento de datos o informacion
(Python, C++...):
* Publisher: genera informacion.
e Suscriber: recibe informacion. Usa “topic callback functions” para procesar la

informacion recibida.

* Los nodos se comunican con topics. Comunicacion unidireccional de muchos a
mucho pero a veces es necesario recibir informacion solo cuando se solicite

(services y actions).

Recuerda hacer tu nodo ejecutable
S roscd devfest/scripts

[ENQMQ_ § chmod +x program py
S catkin build 14
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Topics

* Topics: entidad para transportar informacion entre nodos.

* La informacidn se organiza como una estructura de datos (message type, .msg):
recopilacion de diferentes tipos de datos, como string, int, float, etc.

» Se identifica con un "nombre" y un "tipo“ (estandar o personalizado).

Si creas un nuevo mensaje, acuérdate de

afnadirlo en la seccidn correspondiente de
C M d ke L| sts.txt regist ratio n = wVlaster [

## Generate messages in the 'msg' folder
# add_message_files(

S FILES

# Messagel.msg

# Message2.msg

® )

publish subscribe

@ ------------- > XMLRPC —> TCPROS
DDNIAL 15




Launch

* Launch file: grupo de multiples nodos de ROS en un solo archivo
(formato XML). Lanza varios nodos (argumentos, parametros...).

—<launch>
<!-- roslaunch arguments -->

—<node name="usb_cam" pkg="usb_cam" type="usb_cam_node" output="screen">
<param name="video device" value="/dev/video0"/>
<param name="image width" value="1920"/>
<param name="image height" value="1080"/>
<param name="framerate" value="30"/>
<param name="video device" value="/dev/video0"/>
<param name="pixel format" value="mjpeg"/>
<param name="autofocus" value="false"/>
<param name="focus" value="infinite"/>
<param name="autoexposure" value="false"/>
<param name="exposure" value="8"/>
<param name="auto_white_balance" value="false"/>
<param name="auto_brigthness" value="false"/>
<param name="brigthness" value="10"/>
<param name="camera_frame id" value="usb cam"/>

—h .
<param name="1io method" value="mmap"/> mmap/red/userptr

>

</ﬁ6de>
—<node name="image view" pkg="image view" type="image view" respawn="false" output="screen">
<remap from="image" to="/usb cam/image raw"/>

I <param name="autosize" value="false"/>
</mnode>
</launch>
16




Servicios y acciones

* Servicios: ejecuta la solicitud en un “service callback”.
H iAn ¢ ” ## Generate services in the 'srv' folder
* Son bloqueantes. Comunicacion “request-response”. s add service files(
* Definido por dos campos (.srv): request y response. P Servi
* Hay 2 tipos de nodos: cliente y servidor.

] Servicel.srv
# Sservice2.srv
#

)

» Acciones: ejecucion no bloqueante mediante goalCallback ## Generate actlons in the ‘action’ folder

# add action_ files(
" FILES

" Actionl.action
# Action2.action
"

)

e Sistema “request-response” mas general.

* Definido por tres campos (.action): goal, result y feedback.
* Hay 2 tipos de nodos: cliente y servidor.

* Funciones:

* Generar acciones manualmente: S rosrun actionlib_msgs genaction.py <path_to_action_file>
* Mostrar contenido de un mensaje: S rosmsg show <stack_name>_msgs/<ActionMessage>

Si creas un servicio o una accion,

' Si utilizas acciones, anade actionlib , . .
‘ Dm\l IAl_ v actualiza package.xml acuérdate de afadirlo en la seccidn
' correspondiente de CMakelLists.txt 17
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ROS Cheat Sheet
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tem Command-line Tools B

Changes directories to a package or
stack

Tosl Lists package or stack information
Creates a new ROS package

and  warnings
ng ROS system of

Disp

about
launch file

Usage:

$ roscd [package [/subdir]]
$ rosle [package [/subdirll
$ roscreate-pkg [package]
$ roswtf

$ roswtf [file]

roslaunch starts ROS nodes both locally and remotely via
S5H. as well as setting parameters on the parameter s

Example - Launch the turtlebot simulation:
% roslaunch turtlebst_gazebo turtlebot_world. launch

roscore is a collection of nodes and programs that are

tes of a RHOS-based system.  You must have a
roscore running in ovder for ROS nodes to commumnicate,

pre-Tequis

rogcare iz curtently delined as:
master
parameter server
rosout

Usage:
$ roscore

rosnede displays debugging information about ROS nodes,
including publications, subscriptions, and connections.

Commands:

rosnods ping  Test connectivity to node
rosnede list  List active nodes

rosnode info  Print information about a node
rosnods kill  Kills a running node

rosrun allows you Lo run an executable in an arbitrary
package without having to ed {or roscd) there first,

Usage:
$ rosrun package executable

Example - Run turtlesim:
$ rosrun turtlesim turtlesim node

rostopic s A tool for displaying debug information about
ROS topics, including publishers, subseribers, publishing
rate, and messages.

Commands:
roatopic echo  Print messages to screen
rostopic hz Dizplay publishing rate of topic
rostopic list List active topics
rostopic pub Publish data to tapic

rostopic type  Print topic type
rostopic find Find topics by type

Hello (real) World with ROS Cheat Sheet

rogservice is a tool for listing and querving ROS services.

Clommands:

roaservice liat  Print a list of active services
roagervice node  Frint the name of the node provid-
ing a service
roaservice call  Call the servie
roaservice argas  List the arguments of & s
roaservice type  Print the service type
roaservice find Find services by service type

with the given args

ce

tf.echo is a tool that prints information about a particular
transformation hetween a source_frame and a target frame

# rosrun tf tf.echo <source.frame> <target.frame>

Example - Echoe transform between /map and fodemn:
$ rosrun tf tf_echo /map /odom

view_frames is a tool for visualizing the full tree of coords-
nate transforms,

Usage:
§ rosrun tf viewframes
§ evince frames.pdf

rosparam is a tool for getting and setting ROS parameters
on the parameter server, uging YAML-encoded files.

Commands:
rosparam set Set a parameter
rosparam get Get a parameter

rosparam list  List parameter names

[Cheat Sheet del curso “Hello (Real) World with ROS — Robot Operating System”: https://www.edx.org/es/course/hello-real-world-with-ros-robot-operating-system-2]
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Construir tu propio entorno robotico

* URDF: formato de ROS para describir el layout de un robot. Tipo XML.

* Formado por links y joints (fixed, revolute, continuous, prismatic, planar, floating)

* XACRO: URDF macro para generar URDF. *$Robotnik

* Permite mas modularidad y reusar codigo
* Convertir a URDF: S rosrun xacro /path/to/robot.xacro > robot.urdf

* Suele haber un link que une todo: base_link o world.

 Si quieres modificar un modelo:
* Anadir componente a archivo.urdf.xacro para indicar la posicion
* En /urdf/name_componente se afiade el name_componente.urdf.xacro
* Se anade el .stl o .dae a la carpeta de meshes

COINIAL
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Sistema multi computadora

* Necesitas configurar cada maquina indicando como conectarse al
ROS MASTER:
e Conexion a la misma red
* Anade en /etc/hosts: IP_PC_MASTER <name_PC_MASTER>
* En el terminal: export ROS_MASTER_URI=http://name_PC_MASTER:11311

* Necesitas que el PC_MASTER sepa qué maquinas se van a conectar:
* Anade en /etc/hosts: IP_PC <name_PC>




ROS, no es solo un framework

* Herramientas: configurar, debugging, visualizar, etc.

Plumbing Capabilities Ecosystem

C

21
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Tools

* Herramientas estandar de Linux: compiladores, debuggers, loggers, IDEs.

* Por ejemplo: https://ros-qtc-plugin.readthedocs.io/en/latest/ source/How-to-
Install-Users.html

Multiples lenguajes: C++, Python, Lisp, Java, CH, etc.
* Librerias estandar: Boost, MySQL, XML...

Graficas, diagnodstico, simulacién / visualizacion...:

* 10 useful ROS tools (https://ros.guru/2018/02/12/10-useful-ros-tools/): rqt_console,
rqt_logger_level, rgt_launchtree, rqt, Message Thief, status panel, rviz, rosnode info, rqt_top, roswtf

* Gazebo (simulacién grafica 3D), rqt_graph, rosbag, tf, Openrace...

O\
| DDI\I |A|_
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rqt_graph

http://wiki.ros.org/rgt_graph  #hececrsh

D
g Nodes/Topics (all) [/

wd
o
b4

L3
|
m

Group: & Namespaces [ Actions Hide: & Deadsinks [ Leaftopics @ Debug & Unreachable & Highlight B Fit | (1

curtis_controller

I feurtis_controller/command_twist L
Jrobotnik_modbus_io Jcurtis_controller

| Jeurtis_controller/master_drive r’

rbcar_pad rbcar_controller

fjoint_states frobot_state_publisher
floy frbcar_pad >| frbcar_padfemd_vel F@ frbcar_controller
=3 {mavros tf_static
rhcar_steen‘ng_cuntmll‘e/

mavros
| Irbcar_steering_controller/command_angle

| /mavrosfimu/data
y_filter_node
| Jrbcar_steering_controller/status
. /mavrosfimufmag
Jfrbcar_steering_controller
| Irbcar_steering_controllerfinputs_outputs r
CENTRO TECNOLOGICO
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BTopic Monitor

http://wiki.ros.org/rqt Topic .
» [] /camera/camera_info
» (] /camera/image_raw
» [T} /camera/image_raw/compressed
» [] Jcamera/image_raw/compressed/parameter_descriptions
» [] /camera/image_raw/compressed/parameter_updates
» [ /camera/image_raw/compressedDepth
» [ /camera/image_raw/compressedDepth/parameter_descriptions
» [7] Jcamera/image_raw/compressedDepth/parameter_updates
» [ /camera/image_raw/theora
» [ Jcamera/image_raw/theora/parameter_descriptions
» (7] /camera/image_raw/theora/parameter_updates
» [ Jemd_vel
» [] /eurtis_controller/command_twist
[T Jeurtis_controller/master_drive
» ] Jeurtis_controller/state
» [C] /diagnostics
» [ ffix
» [} /imu/data
» [ /imu/rpy/filtered
» [ /joint_states
> [ fioy
» [ /lidar/scan
7] /mavlink/from
1 /mavros/adsb/vehicle
] /mavros/altitude
» [7] /mavros/battery
["] /mavros/cam_imu_sync/cam_imu_stamp
["] /mavros/debug_value/debug
[ /mavros/debug_value/debug_vector
"1 /mavros/debug_value/named_value_float
] /mavros/debug_value/named_value_int
[7] /mavros/extended_state
» [ /mavros/global_position/compass_hdg
» [T /mavros/global_position/global
» [7] /mavros/global_position/gp_lp_offset
["] /mavros/global_position/gp_origin
» [ /mavros/global_position/local
» (7] /mavros/global_position/raw/fix
» [7] /mavros/global_position/raw/gps_vel
» [ /mavros/global_position/rel_alt
[1 /mavros/hil/actuator_controls
] /mavros/hil/controls

OONIAL
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DE@ - 0% S Robot Steering

Type I~
sensor_msgs/Ca
sensor_msgs/Ima
sensor_msgs/Col
dynamic_reconfig
dynamic_reconfig
sensor_msgs/Co
dynamic_reconfig
dynamic_reconfig
theora_image_tr
dynamic_reconfig
dynamic_reconfig
geometry_msgs,
geometry_msgs,
curtis_msgs/Drive
robotnik_msgs/s| 2
diagnostic_msgs/|
sensor_msgs/Nav
sensor_msgs/Imu
geometry_msgs/'
sensor_msgs/Joi
sensor_msgs/Joy |~
sensor_msgs/Lase
mavros_msgs/Mat
mavros_msgs/AD$
mavros_msgs/Alti
sensor_msgs/Batt
mavros_msgs/Can
mavros_msgs/Det
mavros_msgs/Del
mavros_msgs/Det
mavros_msgs/Det
mavros_msgs/Exti
std_msgs/Float64
sensor_msgs/Nav|
geometry_msgs/F
geographic_msgs,
nav_msgs/Odome
sensor_msgs/Nav|
geometry_msgs/1
std_msgs/Float64
mavros_msgs/HiU:
mavros_msgs/Hil(.

B

|/emd_vel

<

BB Joint trajectory controller

controller manager ns

joints

speed scaling

(@Runtime Monitor
@ stale (0)
v @ Errors (2)
mavros: GPS: No satellites

» @ warnings (1)
» @ ok(12)

DC@ - 0% @MmatPlot
|| stop | Topic/ L )| PN/

DECO -ox%
autoscroll | 0 | @

A € > 4 Q =~ B

801 fiwaltitude

3,00 0.0 rad/s

controller

rbcar_steering_controller: /rbcar...

70 4 — /fix/latitude
/fix/longitude

-3,00

DGO -ox 40
30

20

10

Mimage View

/camera/image_raw J1eJl@lo ] O

O }qggf(ngmqgsg_[gfgi [] smoothscaling | 9 ol e

DC@ -o%

[Imagen del coche: https://www.robotnik.es/robots-moviles/rb-car/]
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World

Insert

w tbear

Property

base_footprint
left_steering_link
left_front_axle_carrier
left_front_wheel
left_rear_axle_carrler
left_rear_wheel
right_steering_link
right_front_axle_carr
right_front_wheel
right_rear_axle_carrier
right_rear_wheel
left_front_shock
left_steering_joint
left_front_axle
left_rear_shock
left_rear_axle

azebo vy rviz (l)

Il ¥l steps 1, Real Time Factor Sim Time: Real Time: Iterations:

CENTRO TECNOLOGICO

[Myinteract | ¥ Move Camera

P Oisplays
@ Global Options.
v Global Status: Ok
v Fixed Frame
® Grid
#h, RobotModel
» TF

|E®2

fof_stoering jolnt

let_tront_axie

right_front_shock

Jcamera/image_raw

“«s +t @O PHLH s e

right_tront_axle

Randomize

| Center

1select

000

Focus Camera

hos Time: |84.43

ROS Elapsed: |84.43

= Measure

# 20 Pose Estimate 7 2D Nav Goal

- Views
Type: Orbilt (rviz)

~ Current View
Near Clip
Invert Z Axis
Target Fra
Distance
Focal Shap.
Focal Shap.
Yaw
Pitch

» Focal Point

-
gps_bgse

camera

~srint

wall Time: | 1545220986.35 wall Elapsed: |85.34

eset  Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.

También puedes grabar los ROS topics que recibe el nodo roscore y

luego reproducirlos:

, Srosbag record

-d

S rosbag play archive_rosbag.bag

Zero

Orbit (rviz)

0,01

<Fixed Frame>
2,08373

0,05

=

0,872225
0,195399
1.5045; 1.6757;

Save Remove Rename

Experimental

31fps

25




Gazebo vy rviz (I1)

2pOAN:~ - | BOBI*%Z 0 kK

Wall Time: (1573819396 55  wall Elapsedt (70441

Kate. Middle-Click: Move X/, Right-Click/Mouse Wheek: Zoom. SNIX. Mare options

Video 1: lanzar gazebo y rviz Video 2: rviz Video 3: Gazebo

DDI\II 26
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tf

http://wiki.ros.org/tf
http://wiki.ros.org/tf2

Reconbed at time: 176,255

Broadcasser: fbear_robotl_control
Average rate: 100,221 Hz

ost recent ransform: 176248 { 0.007 sec old)

Buffer length: 4979 see

Broadcaster: frobot_state_pablisher
Average rate: 10000000 Hz

sl reoent ransform: (00 { 176,253 sec old)

Buffer lengthe 0.000 see

base_link

Broadeaster: frobol_staie_publisher
Average rae: 10000000 Hz

Mlost revent transform: (LINKH 176253 sec oldy

Baffer lemgrh: (LN soc

Broadeaster: frobol_state_publisher
Average rate: 100000000 Hz

Mot revent transform: (LN 176253 sec oldy

Baffer lemgth: 0000 see

Breadeaster: frobot_stane_pulblisher
Average rates 10000000 Hz
Mot recent transform: 000 (176,255 see old)
Buffer lengtly: (L000 see

Brosdeaster: frobot_stane_pulblisher
Average e 10000000 Hz
Moat recent wransfoom: (0000 176,285 see old)
Buffer bength: (.000 sec

Broadeaster: frobod_suse_publisher
Average rate: 50202 Hz
Muost recent ransform: 176,209 ¢ {06 sec okdy
Buffer length: 4 040 s

Broadcaster: frobol_stse_publisher
Average rate: 50202 Hz
Most recent ransform: 176,209 ¢ (046 see oldy
Baiffer length: 4040 s

Breadenster: froboi_state_pablisher
Average rate: 50202 Hz

ost recent transform: 176209 0,046 sec old)

Buffer length: 4940 see

Brosdeaster: frobot_stare_publisher
Average e 30,202 He
Mot recend tramsform: 176,209 [ ({44 see old)
Buffer kength: 49440 see

camera_link lefi_steering_link lefi_rear_axle_carrier right_steering_link wight_rear_axle_carrier

Beroadbcaster: frobot_state_pablisher Brosdcaster: fobo_stare_publisber Broadcaster: fobot_state_publisher Biroadcasier: frobol_stane_pablisher
Average rate: 50502 He Averape rate: 300202 He Average rate: $0.202 He Average rate: 50,202 Hz
Past recent transform: | 76200 { 0046 sac ald) bl rece transformy: 1763209 0006 sec old) Pulcst recent wransform: 176,200 § 00046 woe oldy  PMost recent transform: | 76208 0046 sec ald)
Buffer length: 4940 sec Buffer length: 4940 see Baffer lemgth: 4.940 s Buffer lengthe 4940 see
¥
Beroadcaster: frobot_state_pablisher Broadeaster: frobot_state_publisher
Average rabe: 503502 He Average rale: 50202 He
Pdast recent transform: 1 76,200 | 0.046 sec old) Pulost recent transform: 176,200 ¢ (U046 soc old)
Buffer length: 4.940 sec Baffer lemgth: 4.940 sec

ledu_frong_wheel righ_from_wheel

: S rosrun tf view_frames

27
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Ejemplo con Raspberry Pi3

e GPS: Publisher y Subscriber

$ rosrun robot_nav NavSatFix_publisher.p
S rostopic echo /navsat

secs: 1505784946

693011999

service: @
latitude: 4338.9201
longitude: 11619.7482
altitude: 2651.902972
position_covariance: [0.0, 0.0, 0.0, 0.0,
position_covariance_type: ©

, 0.0, 0.0,

atFix Publisher

CMakelist.txt:
Find_package(catkin REQUIRED

Package.xml:
<buildtool_depend>catkin</buildtool_depend>

COMPONENTS <build_depend>roscpp</build_depend>
roscpp <build_depend>rospy</build_depend>
rospy <build_depend> sensor _msg</build_depend>

sensor_msg)

AL

CENTRO TECNOLOGICO

sensor_msgs/NavSatFix Message

File: |sensor_msgs/NavSatFix.msg

Raw Message Definition

# Navigation Satellite fix for any Global Navigation Satellite System

+

# Specified using the WGS 84 reference ellipsoid

header.stamp specifies the ROS time for this measurement (the
corresponding satellite time may be reported using the
sensor_msgs/TimeReference message).

#
#
#
#
# header.frame_id is the frame of reference reported by the satellite
# receiver, usually the location of the antenna. This is a

# Euclidean frame relative to the vehicle, not a reference

# a2llipsoid.

Header header

# satellite fix status information

NavsatStatus status

# Latitude [degrees]. Positive is north of equator; negative is south.
float64 latitude

float64 longitude

# Altitude [m]. Positive is above the WGS 84 ellipscid
# (quiet MaN if no altitude is available)
float64 altitude

# Position covariance [m*2] defined relative to a tangential plane

# through the reported position. The components are East, Morth, and
# Up (ENU), in row-major order.

#

# Beware: this coordinate system exhibits singularities at the poles.

float64[9] position_covariance

# If the covariance of the fix is known, fill it in completely. If the
# GPS receiver provides the variance of each measursment, put them

# along the diagonal. If only Dilution of Precision is available,

# estimate an approximate covariance from that.

uint8 COVARIANCE_TYPE_UNKNOWN = @

uint8 COVARIANCE_TYPE_APPROXIMATED = 1
uint® COVARIANCE_TYPE_DIAGONAL_KNOWN = 2
uintd

COVARTANCE_TYPE_KNOWN = 3

uint® position_covariance_type

[Imagenes de: https://medium.com/@ericmaggard/building-an-autonomous-car-using-a-1-10th-scale-rc-car-part-2-38aa8ee9abed, 28

# Longitude [degrees]. Positive is east of prime meridian; negative is west.

NavSatFix_publisher.py

#!/usr/bin/env python

pub = 7.Publisher ('navsat', NavSatFix, 0
rospy. _node ("gps_talker', anonymous=True)
= NavSatFix()

msg.status.service = int (0)
meg.latitude = t{data.lat)
msg.longitude loat (data.lon)
# data.true course=142.46
# data.spd over grnd

if line[l1:5] ==

seg += 1

msy.header.ssg = seg

msg.latitude = float{data.lat)

msg. longitude = cat (data.lon)
=1

£l
msg.altitude = float{data.altitude)*3.28084

if am = main  ":

InterruptException:

http://docs.ros.org/melodic/api/sensor_msgs/html/msg/NavSatFix.html]
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ROS, no es solo un framework

» Capacidades: extensa coleccion de librerias.

Capabilities Ecosystem
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Capacidades

* Algoritmos del estado del arte

* Rapido desarrollo desde la comunidad Mobility and
., Navigation

. Paquete§ de ROS: gran co!gcuon de paque’ng OpenSLAM

con funcionalidades: movilidad, manipulacion, |

percepcion, etc. ﬁ BhapL
. ’ _ . . Perception ees

Mas de 2000 paquetes open-source disponibles Openl ROSMM,...,...,,,....
* Reutilizacion o $Movdl!

oo
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CENTRO TECNOLOGIC [Imagen de ROS Ecosystem & Applications [HyphaROS] -- by HaoChih]
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ROS, no es solo un framework

e Ecosistema: comunidad en todo el mundo.

!

Plumbing Tools Capabilities Ecosystem
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Ecosistema

* On-line:
e Wiki: http://wiki.ros.org/es
* Answers: https://answers.ros.org/questions/
e ROS discourse Forum: https://discourse.ros.org/

’open.
robotics

- = Wwiki.ros.org visitor locations:
* Off-line: Crmm |
e« ROSCon: https://roscon.ros.org/

* SIG meetups, tutorial, local events... ST 4
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Ecosistema: ROS Robots

Aerial

1 ROSqy

CELEBRATING

https://robots.ros.org/

Find a robot by category:

Component Ground Manipulator Marine

A E Y=

DN iAI_®

CENTRO TECNOLOGICO

Manipulator

Marine

"Aerial c iE k
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%
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[Imagen de “ROS and mROS: How to accelerate the development of robot systems and integrate embedded devices”, 2019]
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Si quieres saber mas...

 ROS: https://www.ros.org/
* https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2

Hello (Real) World with ROS — Robot Operating

-
S )
System E ~
Learn the fundamentals of ROS, Robot Operating System, to create % 4.[,, "i
advanced robotic systems. 0 s REAL 3 ’

10,453 already enrolled! @ WM’
> 0RL) (
Enroll

14U Delft Starts Jan 15,2020 |_RIUS \ \f\_ (TN
* Programming Robots with ROS (O'Reilly Book)

e ROS for Beginners: Basics, Motion, and OpenCV (Udemy course)
ROS 2: https://index.ros.org/doc/ros2/

Calibra

e ROS-I: https://rosindustrial.org/ @ s
e ROSin: https://rosin-project.eu/ “m‘“fﬁ"

o\ B % TP
ROSCon: https://roscon.ros.org/2019/ Ubuntu 1 , v IS

" ::: ipul i "‘ I g !
eee CreatorRos @ & " A 3’
@ ::: ROS + e pgthon CRes ", = _" i;vHardwareInterfaces
eveloper Tools [ S .;""»,/‘
iAl_
‘ m [Imagen de ROS-I, 2018: “Enabling Facility-Level Interoperability Between Robot Teamsand Machine Cell Devices”,] 34

CENTRO TECNOLOGICO [PSA for ROS users, 2019: https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol ]



https://www.ros.org/
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system-2
http://shop.oreilly.com/product/0636920024736.do
http://shop.oreilly.com/product/0636920024736.do
http://shop.oreilly.com/product/0636920024736.do
http://shop.oreilly.com/product/0636920024736.do
https://www.udemy.com/ros-essentials/
https://www.udemy.com/ros-essentials/
https://index.ros.org/doc/ros2/
https://rosindustrial.org/
https://rosin-project.eu/
https://rosin-project.eu/
https://rosin-project.eu/
https://roscon.ros.org/2019/
https://www.nist.gov/sites/default/files/documents/2018/04/10/5p_interoperability_of_manufacturing_resource_teams-robinson-sobel-langsfeld-mbe2018-04052018b.pdf
https://www.nist.gov/sites/default/files/documents/2018/04/10/5p_interoperability_of_manufacturing_resource_teams-robinson-sobel-langsfeld-mbe2018-04052018b.pdf
https://www.nist.gov/sites/default/files/documents/2018/04/10/5p_interoperability_of_manufacturing_resource_teams-robinson-sobel-langsfeld-mbe2018-04052018b.pdf
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol
https://ubuntu.com/blog/psa-for-ros-users-some-things-to-know-as-python-2-approaches-eol

iMuchas gracias!
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