Ein kurze Einfuhrung in ROS

= Was ist ROS

* Interprozesskommunikation

= Werkzeuge:
Visualisierung, Simulation, Transformationen, ...

= Pakete: Navigation, Mapping, ...

= Referenzen

Prof. Dr. O. Bittel, HTWG Konstanz Mobile Roboter - Eine kurze Einfuhrung in ROS WS 20/21 8-1



ROS Videos

3 RO

CELEBRATING

TEN

YEARS

https://www.youtube.com/watch?v=mDwZ21Zia8s

Robot
Operating
System

What is ROS (short description)
https://www.youtube.com/watch?v=UL1 Ue4rUWs
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Was ist ROS (1)

= ROS = Robot Operating System (eigentlich Meta-Betriebssystem)

= Hardwareabstraktion und Geratetreiber fur zahlreiche
Roboterplattformen, Sensoren und Aktoren

Application 1 Application 2 Application n

:::ROS

Hardware
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Was ist ROS (2)

= Eine ROS-Anwendung besteht aus einer Menge von Nodes
(Komponenten), die miteinander uber Topics kommunizieren
(ROS Graph)

= ROS-Anwendung kann auch verteilt laufen

= ROS bietet dazu Kommunikationsplattform:

Publish/Subscribe, Service, ...
o> Node

/camera/image/compressed
] f

scan /DetectTargetData

@ @ Topic

/VelocityFromlLaser /VelocityFromCam rosout
Y

/rosout rosout

/tinypower/command_velocity //rosout
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Was ist ROS (3)

= Werkzeug-basiert

— Erstellung von Paketen und Navigation durch Paketstrukturen

— Launch-Konzept: Start mehrerer Nodes
— Visualisierung der Interprozesskommunikation
— Logging-Mechanismus
— Plotten und Visualisierung von Datenstromen
= Robotersimulatoren
= Zahlreiche Bibliotheken und Pakete
= Plattform: Linux (Ubuntu, Debian) und Windows 10
= Mehrsprachig: Python, C/C++, Java, ...
= Open Source

= GrofRe Community
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Publish/Subscribe Konzept

Registrierung .+

Topic

/counter

»

Node publisher

rospy.init_node('publisher)
pub = rospy.Publisher(‘counter’, Int32)

rate = rospy.Rate(2)
count=0

while not rospy.is_shutdown():
pub.publish(count)
count += 1
rate.sleep()

publisher.py

> subscriber

user@hostname$ roscore

user@hostname$ rosrun basics publisher.py
user@hostname$ rosrun basics subscriber.py
835

356

357

358

359

360

def callback(msg):
print msg.data

rospy.init_node('subscriber’)

rospy.spin()

sub = rospy.Subscriber(‘counter’, Int32, callback)

subscriber.py
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Visualisierung mit rviz (1

[ RViz*

File Panels Help

&1 Interact | 7 Move Camera [ jSelect - FocusCamera mm Measure # 2D Pose Estimate 2DNavGoal @ PublishPoint =4
g Disp[ays = @ Views x
v i PointCloud2 & : (v
: Type: | Orbit (rviz — Zero
» v Status: Ok - (rviz) =
Topic /camera/depth/poi... v Current View Orbit (rviz)
Selectable ™ Near Clip... 0.01
Style Flat Squares Target Fra... <Fixed Frame>
Size (m) 0.01 Distance 291734
Alpha 1 Yaw 3.63357
Decay Time 0 Pitch 1.0504
Position Tran... XYZ ¥ Focal Point  0.84434;-0.1451...
Cnalar Trancf DrRQ X 0.844345
Image Topic Y -0.145152
sensor_msgs::iImage topic to subscribe to. Y4 0.568683

Add

@ Image

Point Cloud
aus RGBD-

Daten und
Roboterpose
Save Remove Rename
© Time =
ROS Time: |754.69 ROS Elapsed: | 657.41 wall Time: |1388214869.14 | Wall Elapsed:, 657.95 | Experimental
Reset 3 fps
Kamerabild Turtlebot (rviz kennt Roboterbeschreibung)

Quickley u.a., Programming Robots with ROS, 2015
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Visualisierung mit rviz (2)

Lokalisierung von Turtlebot mir einem Partikelfilter und einer bereitgestellten CAD-Karte.

£ Move Camera | (Myinteract [JSelect ~ 2DPoseEstimate  2DNavGoal &= Measure < -y

B Displays *
» @& Global Options

» v Global status: Ok

» @ Grid

» i, RobotModel

» 3> TF

» ~. LaserScan (kinect)

» ~. LaserScan (ir sensors)

» ~. LaserScan (virtual sensor)
» % PointCloud (bumpers)

L F.' Map

» B3 Local Planning

» £ Global Planning

» / Pose (move_base)

» Z ParticleCloud

» # Path (global)

» 7\ Odometry ;
» ¥ EBand boubles v

(]

«

«

Local Planning
A container for Displays

Add Remove Rename

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 30 fps

Quickley u.a., Programming Robots with ROS, 2015
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Simulation mit gazebo

Gazebo

Ruu_pun_uinie
head_tilt_joint
shoulder_pan_joint
shoulder_lift_joint
upperarm_roll_joint
elbow_flex_joint
forearm_roll_joint
wrist_flex_joint
wrist_roll_joint
|_gripper_finger_joint
r_gripper_finger_joint

bookshelf

bowl

beer
link

hammer

pioneer2dx

pioneer2dx_0

pioneer2dx_1

Property Value

Quickley u.a., Programming Robots with ROS, 2015
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ROS tf: Verwaltung von KS-Transformationen

arth iy

i
ar_marke:_3 2 "ﬁ.mnk

wrist” U\:{'
;v!ra[snt' re |th
@R% fé“‘“"!ﬂ_mk
%he? Iink

eitop_link
|_whep1\nnk

= Transfomationsbaum

= Knoten: KS

= Kante:

Transformation mit
Zeitstempel, Rate und
Herausgeber (broadcaster)

Quickley u.a., Programming Robots with ROS, 2015
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ROS tf: Beispiel

tf Listener = Hole von tf aktuellste
: Transformation von
!mport rospy world nach robot_base
import tf

. . = Translation trans = (x,y,z)
listener = tf. TransformListener() Rotat = ( )
= Rotation rot = (x,y,z,w

(trans,rot) = listener.lookupTransform(‘'world', 'robot_base', rospy.Time(0))) als Quaternion

angles = tf.transformations.euler_from_quaternion(rot, 'sxyz')

= angles: Eulerwinkel im
xyz-Drehsystem

tf Broadcaster

= Veroffentliche auf tf

' rt
:mpgrt ’:1? Y Transformation von
P world nach robot_base
X= ...
y=..
theta = ...

trans = (x, y, 0)
rot = tf.transformations.quaternion_from_euler(0, 0, theta, 'sxyz'),

broadcaster = tf. TransformBroadcaster()
broadcaster.sendTransform(trans, rot, rospy.Time.now(), 'robot_base', 'world')
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ROS Navigation Stack (1)

6 Move Camera | (™ Interact [ ]Select ” 2DPoseEstimate ~ 2DNavGoal == Measure b =,

B Displays
» & Global Options
» v Global Status: Ok

» @ Grid

» th, RobotModel

» ) TF

» . LaserScan (kinect)

» ~, LaserScan (ir sensors)
» ~. LaserScan (virtual sensor)
» % PointCloud (bumpers)
» P2 Map
v @ Local Planning
» .2 Costmap
» # Planner
» % Cost Cloud
» % Trajectory Cloud
» & Global Planning
» / Pose (move_base)
» “ ParticleCloud
» +/ Path (global)
» 7\ Odometry
» $* EBand boubles

RERAeQReQeereE

= Globaler Planer plant Weg
zur roten Zielpose

= Lokaler Planer fahrt globalen
Plan ab und bertcksichtigt
dabei Abstand zu aktuellen
Hindernissen in der lokalen
Umgebung (cost map)

ParticleCloud
Displays the poses from a geometry_msgs::PoseArray message as a
cloud of arrows on the ground plane. More Information

Add Remove Rename

Reset 30fps

Quickley u.a., Programming Robots with ROS, 2015
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ROS Navigation Stack (2)

"move_base_simple/goal"
geometry_msgs/PoseStamped
|

Navigation Stack Setup

u/mapll

move_base l

global_planner -<—— global_costmap

-

amcl —

lv/tfll

sensor transforms

internal

Y nav_msgs/GetMap

sensor topics

map_server

' N

> local_planner -<—— |ocal_costmap

Ilodom "
nav_msgs/Odometry

odometry source

"cmd_vel" |geometry_msgs/Twist

base controller

=  Wenige plattformspezifische Teile sind bereit zu stellen

= Roboter, der Geschwindigkeitsbefehle abonniert (cmd_vel)
= Roboter, der Odometriedaten veroffentlicht (odom + tf)

= Sensor-Pose in tf veroffentlichen

Laser oder RGBD-Sensor, der Sensordaten veroffentlicht (sensor_topic)

tf/tfMessage nav_msgs/Path recovery behaviors sensor_msgs/LaserScan
- - sensor_msgs/PointCloud

Sensor sources

provided node
optional provided node
platform specific node

http://wiki.ros.org/navigation
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Kartierung mit ROS gmapping

(hyinteract | *§ Move Camera  [TjSelect < FocusCamera == Measure # 2DPoseEstimate  2DNavGoal @ PublishPoint & =,

B Displays

v @& Global Options
Fixed Frame base_footprint
Background C... [ 48;48;48

Frame Rate 30
v @ Global Status
© Fixed Frame No tfdata. Actuale...
v @ Map
4 ° Status: Error
Topic /map
Alpha 1
Color Scheme  map
Draw Behind
Resolution 0.025
Wwidth 2265
Height 2435
» Position 0;0;0
» Orientation 0;0;0;1

=  Gitterbasiertes SLAM-Verfahren
mit einem Partikelfilter

= Benodtigt Odometrie und
Laser-Scans

= Erstellt Belegtheitsgitter als
png-Datei.

= Teil der Umgebung wurde per
Hand schwarz (= belegt)
ubermalt, um eine Naviagtion in =
diesem Beereich zu verbieten. ]

ed: |0.00 wall Time: 11431061701.73 wall Elapsed: 242.63

= http://wiki.ros.org/slam_gmapping | s cmese e o s veesens

Quickley u.a., Programming Robots with ROS, 2015
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Referenzen

= ROS: https://www.ros.orqg

= ROS wiki: http://wiki.ros.org

ROS Melodic Morenia
Melodic Morenia is the 12th
official ROS release. It is
supported on Ubuntu Artful and
Bionic, along with Debian
Stretch. Get Melodic Morenia

Downlo:

now!

32 ROS.org

“When we set out five years ago to reinvent the manufacturing industry, we knew

ROS in Products o

that smart, flexible automation was the key. We bt our Baxter robot to work not
just for people, but with people, removing the cumbersome safety cages and expert-
only programming interfaces that had come before. And when we built Baxter, we.
builtit on ROS..” ~ Scott Eckert, Rethink Robotics

ROS Kinetic Kame
Kinetic Kame is the 10th
official ROS release. Itis
supported on Ubuntu Wily
and Xenial. Get Kinetic Kame

now!

About | Support | Discussion Forum | Service Status | Q8A answers.r0s.org

Documentation Browse Software News
Documentation
ROS (Robot Operating and tools to help. develc create robot applications. It

provides hardware abstraction, device drivers, libraries, visualizers, message-passing, package management, and more.

ROS is licensed under an open source, BSD license.

Available Translations: German | Sp:
Pyccxwit (Russian) | Thai | Turkish | A4 | Ukrainian | Vietnamese

ROS:

Install
Install ROS on your machine.
Getting Started
Learn about various concepts, client libraries, and technical overview of ROS.
Tutorials
Step-by-step instructions for learning ROS hands-on
Contribute

ish | French | talian | Japanese | Korean | Brazilian Portuguese | Portuguese |

How to get involved with the ROS community, such as submitting your own repository.

Support
What to do if something doesn't work as expected.
Quality Assurance

How to ensure that your ROS-based systems and your contributions to ROS are of high quality.

Software:
Distributions
View the different release Distributions for ROS.
@Packages
Search the 2000+ software libraries available for ROS.
Core Libraries
APIs by language and topic.
Common Tools
Common tools for developing and debugging ROS software.
Robots/Hardware:

Robots

Wiki
Find tutorials and leam more

ROS Answers
(2 sk questions. Get answers

B Beg

Get the latest news

4 Forums

485 Hear the latest discussions

Search: Submit
Download
wid

ROS/Mnstallation
ROS/Tutorials

Rocen

Documentation

Page
Immutable Page
nfo
Attachment
Mor Actions: ¥

User
Login
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Referenzen (2)

= Morgan Quigley, Brian Gerkey, William Smart,
Programming Robots with ROS, O‘Reilly, 2015

* als E-Book im Rahmen der Vorlesung
ausleihbar

= Sehr gute EinfUhrung in ROS
= Beispiele mit Python

= Sehr guter ROS-Kurs in C/C++
(mit Videos, Folien und Ubungen)
https://rsl.ethz.ch/education-
students/lectures/ros.html

ETH:zirich

Programmihé
Robots
with ROS

A PRACTICAL INTRODUCTION TO THE ROBOT OPERATING SYSTEM

Morgan Quigley, Brian Gerkey
& William D. Smart

Copyriohted Material

Studentportal  Login  Contact

Alumni association

Keyword or person

Department of Mechanical and Process Engineering | Institute of Robotics and Intelligent Systems

Robotic Systems Lab

TheLab | Research = Robots & Media

Student Projects
Focus Project
Lectures
Robot Dynamics
Programming for Robotics - ROS

Assistant & Volunteer

Departments

Scientific Events Education & Publications & Partnerships &
Students Sources Spin-offs

Programming for Robotics - ROS \ A

145l

Abstract: This course gives an introduction to the Robot Operating A
System (ROS) including many of the available tools that are com-

monly used in robotics. With the help of different examples, the

course should provide a good starting point for students to work with

robots. They learn how to create software including simulation, to
interface sensors and actuators, and to integrate control algorithms. You Tuhe

Objective:
- ROS architecture: Master, nodes, topics, messages, services, pa-
rameters and actions

- Console igating and ing the ROS system
and the catkin workspace

- Creating ROS packages: Structure, launch-files, and best
practices

- ROS C++ client library (roscpp): Creating your own ROS C++
programs

- Simulating with ROS: Gazebo simulator, robot models (URDF)
and simulation environments (SDF)

- Working with visualizations (RViz) and user interface tools (rqt)

- Inside ROS: TF transformation system, time, bags

Content: This course consists of a guided tutorial and exercises
with increasing level of difficulty when working with an autonomous
robot. You learn how to setup such a system from scratch using
ROS, how to interface the individual sensors and actuators, and fi-
nally how to implement first closed loop control systems.
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Referenzen (3)

= ROS-Industrial is an
open-source project
that extends the
advanced capabilities
of ROS software to
manufacturing.”

= https://rosindustrial.orqg/

ROS-INDUSTRIAL

HOME ABOUT BLOG CONSORTIUM DEVELOPER EVENTS TUTORIALS VIDEOS

ROS-Industrial is an open-source project that extends the advanced capabilities of ROS software to

manufacturing.

Interested in learning more about or even joining the ROS-Industrial Consortium? Start over at the

Consortium FAQ, or you can find the respective region agreements below "Consortium" in the banner above!

Open Robotics Meets the Open Road - DECODED Shia

ROS-INDUSTRIAL HAD THE OPPORTUNITY TO COLLABORATE WITH MICROSOFT AND BMW TO ADDRESS A BURNING NEED FOR AGILE
AND FLEXIBLE LOGISTICS AUTOMATION SOLUTIONS THAT CAN INTEROPERATE EFFICIENTLY AND BE DEPLOYED AT SCALE. WE HOPE
YOU FIND THIS A COMPELLING EXAMPLE OF OPEN-SOURCE DELIVERING END USER VALUE AND HOW RESEARCHERS AND FOR-PROFITS
CAN WORK TOGETHER TO SOLVE BIG PROBLEMS!

ROS-INDUSTRIAL

Robot Operating System

Upcoming Events

9: ROS-Industrial Training

(EU)

ROS-Industrial Training
(APAC)

ﬁ ROS-Industrial Training
= (Americas) October 2019
)t 8, 2019 - Oct 10, 201

4 ROS-Industrial EU
R0SI:  Fall'l9 Workshop

Oct 10, 2

Industrial
Transformation ASIA
PACIFIC
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