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Vorwort

Die Robotix-Academy hat 2017 viel unter-
nommen, um sich in der GroBregion einen
Namen zu machen: Zahlreiche Veranstal-
tungen fanden bereits statt, sei es, um ei-
ne interessierte Offentlichkeit zu gewinnen
oder um sich mit den Partnern auszutau-
schen und gemeinsam zu forschen. Vonein-
ander zu lernen und dieses Wissen in die
Praxis umzusetzen, grenziibergreifend und
zum Nutzen der KMU in der GroRregion,
das ist das Anliegen aller Projektbeteiligter
aus Wissenschaft und Wirtschaft. Die Pro-
jektpartner freuen sich iiber das wachsende
Interesse an der Robotix-Academy und be-
danken sich an dieser Stelle bei allen Be-
teiligten und Forderern fiir die gute Zusam-
menarbeit. Das Projekt ,Robotix-Academy”
wird im Rahmen des Programms INTER-
REG V A GroRregion 2014-2020 geférdert
und mit bis zu 60% aus EFRE-Mitteln (Eu-
ropaischer Fond fiir regionale Entwicklung)
kofinanziert. Ziel ist es, einen dauerhaften
Forschungscluster fiir industrielle Robotik
in der GroRregion zu etablieren. Die Acade-
my dient den beteiligten Hochschulen und
Forschungseinrichtungen, Transferpartnern,
Anwender- und Ausriisterunternehmen als
Kooperationsplattform. Das ZeMA ist hier
federfiihrend, neben den beteiligten Projekt-
partnern aus Belgien, Luxembourg, Loth-
ringen und Rheinland-Pfalz. Eine wesent-
liche Aufgabe der Academy besteht darin,
Know-how aufzubauen und fiir die industri-
elle Praxis bereitzustellen. Hier werden vor
allem KMU bei der Einfiihrung neuer Tech-
nologien unterstiitzt, aber auch GroRunter-
nehmen profitieren von den auBeruniversi-
taren Bildungs-, Qualifizierungs- und Bera-
tungsangeboten. Modernstes Equipment fiir
praxisnahe Demonstrationen und Versuche
werden von den Hochschulen gemeinsam
genutzt und Forschungsergebnisse iiber-
regional verwertet. Zahlreiche grenziiber-
schreitende Kooperationsprojekte wird die
+Robotix-Academy” in den nidchsten Jah-

Préface

En 2017, la Robotix-Academy s'est beau-
coup investie afin de se faire connaftre en
Grande Région : De nombreux événements
ont déja eu lieu visant 3 attirer I'attention
d’un public intéressé ou bien a échanger des
informations avec des partenaires et pour
faire de la recherche en commun. Apprend-
re mutuellement et mettre en pratiques ces
connaissances, au-deld des frontiéres et au
bénéfice des PME en Grande Région, ce
sont des objectifs principales poursuivis par
tous les responsables du projet soit du do-
maine scientifique ou que du domaine éco-
nomique. Les partenaires du projet sont trés
contents de l'intérét croissant apporté a la
Robotix-Academy et voudraient saisir cet-
te occasion pour remercier tous les partici-
pants et parrains pour cette excellente col-
laboration. Le projet « Robotix-Academy »
est subventionné dans le cadre du program-
me Interreg V A Grande Région 2014-2020,
et il est cofinancé a hauteur de 60% par
les fonds FEDER (Fonds Européen de Dé-
veloppement Régional). Le but est d’établir
un pole de recherche durable pour la ro-
botique industrielle dans la Grande Région.
L’Academy sert de plateforme de coopérati-
on aux universités et aux instituts de recher-
che ainsi qu’aux partenaires de transfert,
aux entreprises utilisatrices, et aux fournis-
seurs. Le centre ZeMA coordonne le projet
aux cdtés des partenaires participants basés
en Belgique, au Luxembourg, en Lorraine et
en Rhénanie-Palatinat. Construire un savoir-
faire applicable a la pratique industrielle est
le devoir crucial de I’Academy. Ainsi, les
PME bénéficient en particulier d'un souti-
en en matiére de mise en place des nou-
velles technologies. Toutefois, les grandes
entreprises profitent également des offres de
formation, de qualification et de préparati-
on extra-universitaires. Les équipements les
plus modernes pour faire des démonstrati-
ons et des essais pratiques sont utilisés en
commun par les universités, et leurs résul-
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ren initileren und so, ganz im Sinne des
INTERREG Programms, die Innovationska-
pazitdten und die Wettbewerbsfahigkeit der
GroRregion starken.

tats sont utilisables au niveau suprarégio-
nal. La Robotix-Academy initiera de nom-
breux projets de coopération transfrontaliére
dans les années a venir, et contribue ainsi a
renforcer la compétitivité et |'attractivité de
la Grande Région. Ces objectifs s’inscrivent
d'ailleurs parfaitement dans la logique du
programme Interreg.
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Robotix-Academy Summer School

Die erste Robotix-Academy Summer School
fand vom 12. bis 14. September 2017 am
ZeMA in Saarbriicken statt. Wissenschaft-
liche Mitarbeiter aller Partnerhochschulen
kamen zusammen, um in verschiedenen
Workshops voneinander zu lernen. Der Ein-
stieg in die drei Workshop-Tage erfolgte mit
einem Pitch jedes Workshop-Referenten.
Dabei ging es vor allem darum, den an-
deren Teilnehmern innerhalb von ein bis
zwei Minuten zu erklaren, was sie erwar-
tet. Im ersten Workshop wurde den Teil-
nehmern der Bosch APAS assistant von Ali
Kanso (ZeMA) vorgestellt. In einem prakti-
schen Teil konnten die Teilnehmer die theo-
retisch erlernten Grundlagen am Roboter
anhand einer Aufgabenstellung umsetzen.
Jean Denoél vom Projektpartner Pole Mé-
caTech gab im Anschluss den Teilnehmern
einen Einblick in den Aufbau und die Ar-
beit des Clusters sowie eines neuen Indus-
trie 4.0 Projektes. Am Abend fand dann
ein Teambuilding-Event statt und im An-
schluss konnten sich alle Teilnehmer bei ei-
ner Stunde Bubble Soccer auspowern und
ihren Teamgeist zeigen. Am zweiten Tag be-
gann Miriam DrieR (ZeMA) mit einer Ein-
fihrung in die Zertifizierung eines Cobots.
Als Teil der Risikoanalyse wurde das Thema
+Kraft- und Druckgrenzwerte bei Kollisionen
zwischen Mensch und Roboter” genauer be-
trachtet. Mit einem speziell designten Mess-
gerit konnte in einer praktischen Ubung das
Messen und Analysieren solcher Grenzwerte
veranschaulicht werden. Im Anschluss iiber-
nahmen Robin Pellois und Arthur Lismonde
(Universitdt Liege) mit einem Workshop zu
ROS (robot operating system). Nach einer
kurzen Vorstellung ihres Saywer Roboters

La premiére école d'été de la Robotix Aca-
demy s'est déroulée du 12 au 14 septem-
bre 2017 au centre ZeMA de Sarrebruck.
Les collaborateurs scientifiques de chaque
université partenaire se sont réunis pour
échanger lors de différents ateliers. Chacun
des trois jours de workshops a été inauguré
par le discours de l'intervenant concerné.
L’objectif premier était d'expliquer briéve-
ment aux participants ce qui était attendu
d’eux. Lors du premier workshop, les parti-
cipants ont pu découvrir I'assistant Bosch
APAS grace a la présentation tenue par Al
Kanso (ZeMA). Au cours d'une partie plus
pratique, les participants ont pu mettre en
application les bases théoriques apprises sur
des robots, et ce par le biais d’une tache
confiée. A I'issue de cet exercice, les partici-
pants ont été introduits a la mise en place et
au travail dans les poles industriels et dans
le cadre d’un nouveau projet d'industrie 4.0.
Cette partie a été menée par Jean Denoél,
représentant a cette occasion le partenaire
de projet Péle MécaTech. Un événement de
consolidation d'équipes a été organisé au
soir, a l'issue duquel I'ensemble des parti-
cipants a pu mettre d I'épreuve son esprit
d'équipe lors d'une partie d'une heure de
Bubble Soccer. Le coup d'envoi de la deu-
xiéme journée a été donné par Miriam Driel§
(ZeMA), avec une introduction a la certifi-
cation d’un Cobot. Le théme “valeurs limites
de puissance et de pression lors de collisions
entre I'homme et le robot” a été approfon-
di dans le cadre d’'une analyse de risques.
La mesure et I'analyse de ces valeurs limi-
tes ont pu &tre davantage concrétisées lors
d'un exercice fait a I'aide d'un appareil de
mesure spécialement pensé pour ce contex-
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erlernten die Teilnehmer unter Anleitung
von Pellois/Lismonde, wie der Roboter iiber
ROS angesteuert werden kann. Der letzte
Workshop wurde am dritten Tag von Se-
bastian GroB, Jan Jungbluth und Thomas
Bartscherer zum Thema Mensch-Roboter-
Interaktion durchgefiihrt. Ziel war es, eine
Kommunikation iiber PC mit einem Univer-
sal Robot herzustellen. Zum Abschluss der
drei Workshop-Tage ging es fiir die Teil-
nehmer nach Hambach zur Smartville. In
einer Werksfiihrung lernten die Teilnehmer
die Produktion eines Smart for two kennen.

te. La journée a continué avec la prise de
parole de Robin Pellois et Arthur Lismon-
de (Université de Liége) avec un workshop
consacré au ROS (robot operating system).
Aprés une courte présentation du robot Say-
wer, et en suivant les instructions de Pel-
lois et Lismonde, les participants ont ap-
pris comment les robots peuvent &tre activés
par ROS. Le dernier atelier a été mené par
Sebastian Grol, Jan Jungbluth et Thomas
Bartscherer. |l tournait autour du théme de
I'interaction homme-robot. Ces trois jours
de formation se sont finis par une visite de
la Smartville de Hambach. Les participants
ont pu y découvrir les étapes de production
d'une Smart for two.
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Bosch APAS
Workshop

Mensch-Roboter-Kooperation ist in aller
Munde. Der Bosch APAS assistant ist ein
speziell fiir diesen Bereich entwickelter Ro-
boter. Im Bosch APAS Workshop war es das
Ziel, den Teilnehmern die Grundlagen des
Roboters sowie die Umsetzung dieser in ei-
nem Fallbeispiel zu vermitteln. Dafiir wurde
in einem theoretischen Teil aufgezeigt, wie
der APAS aufgebaut ist und was ihn fiir die
sichere Mensch-Roboter-Kooperation aus-
zeichnet. Dies ist vor allem seine Sensor-
haut, die den Roboter bereits stoppt, bevor
der Mensch ihn {iberhaupt beriihrt. Wei-
terhin wurde die benutzerfreundliche Bedie-
nung erkldrt, die die Teilnehmer im prak-
tischen Teil selbst ausprobieren konnten.
Auf einer mit Sensoren ausgestatteten Li-
nie sollte der APAS je nach Position des
Werkstiicktragers eine Aktion durchfiihren.
Die Aktion bestand daraus, ein Werkstiick
vom Werkstiicktrager in ein KLT zu le-
gen und umgekehrt. In dieser Aufgabenstel-
lung konnte die Anwendung verschiedener
Programmierbausteine des Roboters ken-
nengelernt werden, von Pick & Place zur

Atelier Bosch
APAS

La coopération homme-robot est sur tou-
tes les lévres. L'APAS assistant de Bosch
est un robot spécialement concu pour ce
domaine. Le but de I'atelier Bosch était de
transmettre les bases du robot ainsi que
son application dans le cadre d'une étu-
de de cas. Une partie théorique montrait
comment I"’APAS est construit et qu'est-ce
qui le qualifie pour la coopération homme-
robot sécurisée. Cela est avant tout sa peau
sensorielle qui fait arréter le robot, avant
que méme I'homme puisse le toucher. De
plus, on a expliqué 'utilisation conviviale
que les participants pouvaient essayer eux-
mémes lors de la partie pratique. L'APAS
devait exécuter une action selon la posi-
tion du porte-piéce sur une ligne équipée
de capteurs. L’action consistait en posant
une piéce du porte-piéce dans un KLT et
a 'inverse. Pendant cette mission on pou-
vait découvrir I'application de différents élé-
ments du programme du robot, de Pick &
Place jusqu'a la détection de caractéristi-
ques spécifiques d'une piéce grace aux deux
caméras intégrées. Les participants ont donc
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Erkennung von spezifischen Merkmalen ei-
nes Werkstiicks mittels der zwei integrier-
ten Kameras. Die Teilnehmer hatten somit
die Gelegenheit, innerhalb kiirzester Zeit die
grundlegenden Funktionen sowie die Pro-
grammierung des Bosch APAS kennenzuler-
nen.

Kontakt:

ZeMA

Zentrum fiir Mechatronik und Automatisie-
rungstechnik gGmbH

Ali Kanso

E-Mail: a.kanso@zema.de

eu |'occasion de découvrir les fonctions de
bases ainsi que la programmation du Bosch
APAS dans les plus brefs délais.

Contact:

ZeMA

Zentrum fiir Mechatronik und Automatisie-
rungstechnik gGmbH

Ali Kanso

e-mail: a.kanso@zema.de
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Zertifizierung eines
Cobots

Der Hersteller eines Produktes belegt im
europaischen Wirtschaftsraum die Einhal-
tung aller rechtlichen Anforderungen mit
dem CE-Kennzeichen. Auch fiir einen Ro-
boter wird eine solche CE-Kennzeichnung
ausgestellt. Fiir einen Roboter der Mensch-
Roboter-Kooperation (MRK) gelten die
sicherheitstechnischen Normen EN ISO
10218 Teil 1 und 2, die ISO/TS 15066
und die Maschinenrichtlinie, die eingehal-
ten werden miissen. Auf dem Weg zur CE-
Kennzeichnung werden verschiedene Schrit-
te fir die Zertifizierung durchlaufen. Einer
dieser Schritte ist die Risikoanalyse des Ro-
boters. Trotz sicherheitstechnischer MaR-
nahmen kann eine Kollision zwischen Ro-
boter und dem Menschen nicht vollstan-
dig vermieden werden. Die ISO/TS 15066
gibt Grenzwerte fiir Kraft und Druck bei
der Kollision eines MRK-Roboters mit dem
menschlichen Korper fiir 29 spezifische Stel-
len an. Innerhalb der Risikoanalyse werden
diese Grenzwerte validiert, um dem Roboter
seine CE-Kennzeichnung ausstellen zu kon-
nen. Diese Grundlagen wurden den Teilneh-

Certification d'un
Cobot

Dans I'Espace économique européen, le fa-
bricant d'un produit prouve le respect de
toutes exigences légales avec le marqua-
ge CE. Un tel marquage CE est aussi ap-
posé sur un robot. Pour un robot de la
coopération homme-robot (CHR), les nor-
mes de sireté EN ISO 10218 partie 1 et
2, 1a ISO/TS 15066 et la directive machi-
ne s'appliquent et doivent &tre respectés.
Sur le chemin vers le marquage CE on doit
passer a la certification par de différentes
étapes. Une de ces étapes est |'analyse des
risques des robots. Malgré des mesures de
siireté une collision entre le robot et le corps
humain ? La ISO/TS 15066 indique des li-
mites pour la force et la pression pendant
une collision d'un robot CHR avec le corps
humain pour 29 endroits spécifiques. Ces
limites sont validés au long de I'analyse des
risques afin d’apposer le marquage CE sur le
robot. Dans le cadre d’un petit atelier, ces
bases sont expliquées aux participants de la
Robotix-Academy Summer School. De plus,
un des systémes de mesure actuellement dis-
ponible sur le marché pour la validation des

12
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mern der Robotix-Academy Summer School
in einem kurzen Workshop erldutert. Wei-
terhin wurde eines der derzeit am Markt ver-
fiigbaren Messsysteme zur Validierung der
Grenzwerte vorgestellt. Anhand eines prak-
tischen Beispiels konnte das Messsystem so-
wie die zugehdrige Software zur Analyse der
Ergebnisse von den Teilnehmern getestet
werden.

Kontakt:

ZeMA

Zentrum fiir Mechatronik und Automatisie-
rungstechnik gGmbH

Miriam Driel

E-Mail: m.driess@zema.de

limites a été présenté. A I'aide d'un exemple
pratique, le systéme de mesure ainsi que le
logiciel associé pour I'analyse des résultats
des participants pouvait &tre testé.

Contact:

ZeMA

Zentrum fiir Mechatronik und Automatisie-
rungstechnik gGmbH

Miriam DrieR

e-mail: m.driess@zema.de
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Einfiihrung in ROS
und InteraSDK

ROS (Robotic Operating System) ist ein
groBes Panel verschiedener Buchhandlungen
und Programme, das das Design von Ro-
boteranwendungen vom Betriebssystem bis
hin zum Userinterface oder simplen Steu-
erprogramm erlaubt. Auf Linux basierend
und in C++ oder Python geschrieben, ist
ROS ein Projekt mit freier Lizenz und zahl-
reichen Mitwirkenden aus der ganzen Welt.
Somit sind zahlreiche Codezeilen fiir eine
groBe Auswahl von Anwendungen verfiigbar
und ROS ist mit einer sehr groBen Zahl von
Robotern und anderen Softwares kompati-
bel. Diese Eigenschaften verleihen ihm einen
gewissen Vorteil in der wissenschaftlichen
Forschung. In einem ersten Schritt haben
wir uns also mit den verschiedenen Teilele-
menten von ROS vertraut gemacht. Wie
sieht die Architektur eines Workspace aus?
Wie erstellt man die nodes, die den aktiven
Teil des ROS bilden? Wie kommunizieren
die verschiedenen Elemente untereinander,
durch messages und topics oder durch ser-

Introduction to
ROS and
InteraSDK

ROS, pour Robotic Operating System, est
un large panel de librairies et de pro-
grammes divers permettant la conception
d'application robotiques allant du systéme
d’exploitation a l'interface utilisateurs ou
au simple programme de commande. Basé
sous Linux et écrit en C++ ou Python,
ROS est un projet sous licence libre avec de
nombreux contributeurs venant du monde
entier. Ainsi de nombreuses lignes de co-
des sont disponibles pour un vaste choix
d’applications et ROS est compatible avec
de trés nombreux robots ainsi que d'autres
logiciels. Ces caractéristiques lui conférent
un avantage certain pour la recherche scien-
tifique. Dans un premier temps nous avons
donc apprivoisé les différents éléments con-
stituant de ROS. Quelle est I'architecture
d'un workspace? Comment créer les nodes
qui constituent la partie active de ROS?
Comment les différents éléments commu-
niquent entre eux, via messages et topics
ou via services? Dans un deuxiéme temps

22
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vices? In einem zweiten Schritt lag das Ziel
darin, eine konkrete ROS - Anwendung in
der Robotik zu sehen. Dafiir haben wir den
Sawyer Roboter von Rethink Robotics ge-
nutzt. Dieser Roboter besitzt zwei auf ROS
basierende Betriebssysteme: Intera (Haupt-
OS nur graphisch) und Intera SDK (OS in
der Befehlszeile und sehr offen). Mit diesem
zweiten Teil mochten wir die Philosophie
von ROS in Interaktion mit einem Robo-
ter aufzeigen. Wir konnen also bestimmte
Funktionen aktivieren oder deaktivieren und
sogar neue erstellen. Das Ziel des im Rah-
men der Robotix-Academy Summer School
angebotenen Workshops lag darin, einen
ersten Eindruck von diesem Werkzeug zu
vermitteln und die Grundlagen kennenzuler-
nen. Sind diese Grundlagen einmal erwor-
ben, werden die Teilnehmer dazu fihig sein
selbststandig bei der Nutzung von ROS vor-
anzuschreiten.

Kontakt:

Universitat Liége

Arthur Lismonde

E-Mail: alismond@ulg.ac.be

Robin Pellois
E-Mail: robin.pellois@ulg.ac.be

I'objectif était de voir une application con-
créte de ROS en robotique. Pour cela nous
avons pris comme support le robot Sawyer
de Rethink Robotics. Ce robot posséde deux
systémes d’exploitation basés sur ROS : In-
tera (OS principal uniquement graphique)
et InteraSDK (OS en ligne de commande et
trés ouvert). Lors de cette deuxiéme partie
nous cherchions a montrer la philosophie de
ROS en interaction avec un Robot. Nous
pouvions alors activer ou désactiver certai-
nes fonctions et méme en créer de nouvelles.
L’objectif du workshop proposé a la Robo-
tix Academy Summer School visait a donner
une premiére impression de cet outil et d'en
connaitre les bases. Une fois ces bases ac-
quises, les participants seront capables de
progresser seul dans ['utilisation de ROS.

Contact:

Univérsité de Liege
Arthur Lismonde
e-mail:alismond@ulg.ac.be

Robin Pellois
e-mail:robin.pellois@ulg.ac.be
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Robotix-Academy Summer-School 2017

September 12" to 14™ 2017

Introduction to ROS
and InteraSDK

WorkShop presented by Arthur Lismonde and Robin Pellois
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1 — About ROS (Robotic Operating System) %

a - Introduction

Definition : ROS is a set of programs helping to simulate and program robots. « A library with a
structure that allows you to build your own programs, functions »

ROS features/asset :

- ROS is working only on Unix based platform (mostly Ubuntu or Debian).

- ROS can work with other softwares ( OpenCV, Movelt...) and a lot of robots
(http://robots.ros.org/)

- ROS is open-source and free making it a well documented software (cf :
http://wiki.ros.org/ROS/)

- ROS programs are written in Python or C++. ROS doesn't come with a graphic interface
by default, it has to be handled using commands in a terminal.

- ROS can work with a lot of robots. The advantage is that it uses the same language to
command different robots.

ROS distributions : (http://wiki.ros.org/Distributions)
- 1st distribution : ROS Box Turtle (2010)

- 8th distro : ROS Indigo Igloo (2014) : the one enable to program the Sawyer robot.
- 11th distro : ROS Lunar Loggerhead (2017)

b - Software installation

i — Ubuntu Installation
¢ Download and install a virtual machine :

https://www.virtualbox.org/
or your favorite one

* Download Ubuntu (make sure you download the 14.04 version) :

WeTransfer link :
https://wetransfer.com/downloads/cb0f70db76d097098424dac2b6eabd5c20170904084645/1c0d837
aa95626bf1dc4d521faa2df0e20170904084645/aa7f83

Ubuntu mirror link :
ftp://ftp.free.fr/mirrors/ftp.ubuntu.com/releases/14.04/
Download the “i386” for an 32 bit processor or the “amd64” version for a 64 bit processor
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I
1

¢ Install Ubuntu on this virtual machine :
Mount the .iso file into your virtual machine to install it
Or install Ubuntu in Dual-Boot :

Use a bootable USB-key and boot your computer on it :
https://help.ubuntu.com/community/Installation/FromUSBStick

* Download a convenient terminal, in the default terminal run the command :
sudo apt-get install terminator

or install it via the logitech.

ii — ROS installation

* Follow this tutorial :
http://wiki.ros.org/indigo/Installation/Ubuntu

¢ - ROS overview

ROS is composed of several elements each having a specific function:

ROS-Workspace : A specific workspace including all elements is required to run ROS software. It
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is simply a folder with specific files and folders in it.

ROS-Master : Main program that allows all ROS-element to work together

Packages : Software in ROS is organized in packages. A package might contains ROS nodes, a
ROS-independent library, a dataset, configuration files, a third-party piece of software, or anything
else that logically constitutes a useful module.

Nodes : "Node" is the ROS term for an executable that is connected to the ROS network. They are
basically programs (C++ or Python) that anyone can write or adapt in order to control whatever one
wants.

Topics : Nodes use topics to communicate between them. For instance, node A « write » on a topic
and node B can « read » the same topic to get the information.

Messages (msg) : Messages are what it is written on topics. Messages can have different formats
but the format has to be specified within a .msg file.

Services (srv) : Services are similar to messages. They have the same function (communicating
between nodes via topics) but they have two parts : a request and a response. The format on each
services are recorded into .srv files and the two parts are separated by « - - - ». Services has the
advantage to make sur that the information has been well transmited .

Illustration of the main elements of ROS :

ROS WORKSPACE
The workspace is simply a specific folder with specific files and tree structure

ROS MASTER
It is the main program. It has to run so the other programs run

ROS PACKAGE
A package group all elements ROS PACKAGE 1
(node, independent library,
extern software)

under the same family ROS TOPIC
enable communication

ROS MESSAGE between nodes

ROS MESSAGE

ROS TOPIC 2

ROS Service

Hlustration 1: Schema of the main elements which compose ROS and how they work together

First we will get familiar with ROS-elements then we will play with ROS and the robot
Sawyer.
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2 — ROS first trial

a — Create a Workspace
First, activate ROS:

source /opt/ros/indigo/setup.bash

Create a ros_ws_tuto folder with a src folder inside :

mkdir -p ~/ros_ws_tuto/src

Move to the folder you just created and build it as a ROS-Workspace :

cd ~/ros_ws_tuto

catkin_make

NB : Check the new folders and files created by the catkin_make command within the ros_ws_tuto.
This is the minimal structure of a ROS-Workspace. You can use the graphic interface or explore
from a terminal using the following non exhaustive linux commands :

cd =move to the home directory

cd /My_folder =move to the directory « My_folder » starting from the root

cd My_folder (or cd ./My_folder) =move to the directory « My_folder » from
the current directory

cd ~/My_folder =move to the directory « My_folder » from the home directory
(home directory = /home/UserName )

cd .. =move to parent folder (add « /.. » X times to move to x parent folderex : cd ../.. =
parent folder twice)
cd - = previous directory
1s = print the list of folders and files into the current directory ( ls /my/path = print files
and folders into the /my/path directory)
./ = current directory

b - Create a package

Move to src folder in the workspace you just created and create the package called package._tuto :

cd ~/ros_ws_tuto/src

catkin_create_pkg package_tuto std_msgs rospy roscpp
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re-build the workspace ( you might first have to go back to the ros_ws_tuto folder)

cd

catkin_make

Over 2000 packages are available for download on the ROS website at this address :
http://www.ros.org/browse/list.php?package_type=package&distro=indigo, each package including

several nodes. Since ROS is an open source project, this library of packages increases constantly.

NB : The prototype of the catkin_creat_pkg command is :

catkin_creat_pkg <package_name> <dependencyl> <dependency2> ..
The dependencies are external libraries required by the package regarding its purpose. For
instance, the package you just created wouldn't be able to run python program without the rospy

dependency.

Finally, to integrate the package you just created to the ROS-environnement you need to run a

setup.bash file in the devel directory of your package.

source ~/ros_ws_tuto/devel/setup.bash

WARNING : This command has to be run in every new terminal in order to use nodes from

the package.

¢ - What is a node?
Start ROS-Master :
roscore

The ROS-Master is running on the terminal so to continue to work, you need to switch to a new

terminal and initiate it as previously in 4.a :

source /opt/ros/indigo/setup.bash

i — Playing with turtles

In order to understand nodes in a first time we will use an educational tool from ROS. Install

the turtle simulator :

sudo apt-get install ros—-indigo-ros-tutorials
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You just downloaded a package called turtlesim with nodes in it. Let's try it by calling the node

turtlesim_node :

rosrun turtlesim turtlesim_node

NB : if you type the uncompleted command « rosrun turtlesim » and the <tab> <tab> , it will show

you all node you can call from the package turtlesim.

A node is an executable file. So theoretically it doesn't necessarily require to use the rosrun function
to run a node. Let's make appear another turtle by directly calling the node. Close the windows with

the turtle and run the commands :

cd /opt/ros/indigo/lib/turtlesim
1s

By running the above commands, you move to the turtlesim package and print the files that are in it,
in the terminal. You can see the node you called before with the rosrun command. Run the file by

typing the following command :
./turtlesim_node

But as you can see it's more convenient to use the rosrun function as it can be run from any

directory.

Two nodes can be run at the same time. Another node exists to move the turtle, switch to an other

terminal and initiate it :

source /opt/ros/indigo/setup.bash

rosrun turtlesim turtle_teleop_key

You can now move the turtle using the arrow keys (make sure the terminal where the
turtle_teleop_key node is running is selected). It's possible to check the node currently running. In a

new terminal :

source /opt/ros/indigo/setup.bash

rosnode list

The results show well that the two nodes turtlesim_node and turtle_teleop_key are running. There is

another one called rosout which comes from the roscore function.
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NB : Every time you run a node, ROS will assigns a name to it. By default ROS assign the name of
the executable. If you run the same node twice, ROS will be confused with 2 nodes having the
same name. To remedy to this issue you can set manually the name of the 2" node when you run it
by :

rosrun package_name node_name name :=new_node_name

ii — Writing your own node

It's really fun to play with turtles but it's more useful to create our own node. First it is
required to create the code of the node in C++ (or python) located in the src folder in the package

you created before.

In C++ (for python see next page) :

cd ~/ros_ws_tuto/src/package_tuto/src

gedit hello.cpp
Write the following code into the hello.cpp file :

#include "ros/ros.h"
int main ()

{
printf ("Hello World \n");

}
Save and quit the file editor gedit.

Once you wrote the code for the node, it has to be linked to the package.
Open the CMakeLists.txt file located in the package folder :

gedit ~/ros_ws_tuto/src/package_tuto/CMakeLists.txt
And add the following lines at the end of the file :

add_executable (hello src/hello.cpp)
target_link_libraries(hello ${catkin_LIBRARIES})

add_dependencies (hello package_tuto_generate_messages_cpp)
Re-compile the workspace :

cd ~/ros_ws_tuto
catkin_make
source devel/setup.bash

32



Einfiihrung in ROS und InteraSDK
Introduction to ROS and InteraSDK

Now you can run your own node :
rosrun package_tuto hello

It has been said earlier that a node is an executable. The hello.cpp file is not an executable. But
when the workspace has been re-build, an executable file has been created and you can check at the
following location :

cd ~/ros_ws_tuto/devel/lib/package_tuto
In python :

Creating a node in python has some differences. In the package_tuto folder, create a scripts folder
which will contain all the python codes. Then create a .py file named hello.py.

Then write in the .py file :

#! /usr/bin/env python

import rospy

print “ Hello world ”
and save. Then, the CMakeList.txt doesn't need to be adapted contrary to the C++ code. However
the .py file still has to be converted into an executable. Go to the scripts directory if needed :

cd ~/ros_ws_tuto/src/package_tuto/scripts
Run the following command to convert the file :

chmod +x hello.py

NB : The file now appears in the terminal in green (in grey before) when you run the 1s command
into the scripts directory. The file is now executable.

Finally, re-build and add the workspace to the ROS-environment :

cd ../../..
catkin_make

source devel/setup.bash
You can then launch the node by using :

rosrun package_tuto hello.py
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d — Topics and messages

i — How topics and messages work ? (With turtles)

Run the two nodes to make turtle move
rosrun turtlesim turtlesim node
in a new terminal

rosrun turtlesim turtle_teleop_key

NB : don't forget to run the ROS_master and to initialize the terminals

Those two nodes communicate with a topic. ROS allows to see that. In a new terminal :
rgt_graph

This graph enables to see all the currently actives ROS-element and their interaction. The node
teleop_turtle “writes” (so it is the publisher, in blue in the graph) the displacement command on the
topic /turtlel/cmd_vel and the turtlesim node “reads” (it is the subscriber, in green in the graph) the
information on the same topic

NB : The color change regarding where your mouse is pointing (in red).

Let's run a few interesting commands :
To see the current topics :
rostopic list
Run the following command :
rostopic echo turtlel/cmd_vel
Now move the turtle, you'll see the message displayed into the terminal.
It's possible to publish directly on a topic. For that you need to know the message used on the topic :
rostopic type turtlel/cmd_vel
And the format of the message :
rosmsg show geometry_msgs/Twist

In this example, the last command show you that the message is composed of 2 vectors. The first
one represents the XYZ linear velocity and the other one represent the angular velocity. So to
publish on the topic, the command would be :

rostopic pub /turtlel/cmd_vel geometry_msgs/Twist -- '[-5,
-3, 01" '[0,0, 21"
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As the motion of the turtle can only be 2-dimensional, the angular vector can only accept a value on
its third component. Here, a 2 rad/s angular velocity is applied. The first vector represent the linear
velocity and, as the motion is bidirectional, the Z-component has to be zero. The value can be
changed as you want.

ii — Create your own topic and message

You can now close all the running node except for the roscore node. To do so use ctrl+C in
each terminal.

Creating the message type

Creating a message is not complicated. A message is simply a .msg file describing the format of the
message. All messages for a package are saved into a msg folder.

roscd package_tuto
mkdir msg

gedit msg/word.msg
Within the gedit editor interface, write the following line :

string data
Save and quit gedit.

Other steps are required to integrate the .msg file to the package, in the package.xml file :
roscd package_tuto
gedit package.xml

find the following line and uncomment them (respectively around line 35 & 39):
<build_depend>message_generation</build_depend>

<run_depend>message_runtime</run_depend>

In the ros_ws_tuto/src/package_tuto/CMakelLists.txt file, add the line message_generation like
below (= L.10) :

find_package (catkin REQUIRED COMPONENTS
roscpp
rospy
std_msgs
message_generation

)

Uncomment the following block and replace Messagel.msg and Message2.msg by the name of the
message you created (= L.51) :
add_message_files(
FILES
word.msg

)
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Uncomment the following lines (= L.71) :
generate_messages (
DEPENDENCIES
std_msgs
)

Uncomment the following lines and add “message_runtine” as following (= L.105) :

catkin_package (

CATKIN_DEPENDS message_runtime roscpp rospy std_msgs
-)

And finally rebuild the workspace to be sure that everything is all right :

cd ~/ros_ws_tuto

catkin_make

Creating the topic using the message type created above

A topic is nothing but a name. There is no file with the source code of a topic. The topic appears
through the nodes which subscribe and publish on it. To create a topic using the word type message,
we will create, for example, a node which listen to what is published on the topic.

REMINDER : Don't forget every step of node creation :

- create a .cpp or .py file into the src folder of your package

- add to the CMakeLists.txt file the 3 lines relative to the new node you just created or
convert the .py file into an executable one.

- re-built the workspace

- run the setup.bash file
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In C++ (python code following next page) :

If you love C++, create the publisher node named listener.cpp in the src directory of the package
package_tuto with the following code :

#include "ros/ros.h"
#include "package_tuto/word.h"
void chatterCallback (const package_tuto::word::ConstPtr& msqg)
{
ROS_INFO ("I heard: [%s]", msg—->data.c_str());
}
int main(int argc, char **argv)
{
ros::init (argc, argv, "listener");
ros: :NodeHandle n;
ros::Subscriber sub =
n.subscribe ("tutopic", 1000, chatterCallback);
ros::spin();
return O;

}

The header word.h (created by the catkin_make command) has to be included to allow the node to
use the message type we created ( it would be the same thing with a standard message type)

The 2 lines :
ros::init (argc, argv, "listener");
ros: :NodeHandle nj;

are required to initiate the node but we won't extend on it.

The line :
ros::Subscriber sub =
n.subscribe ("tutopic", 1000, chatterCallback);
is actually the declaration of the topic to the ROS-master. Here we, arbitrarily, defined the topic
name as “tutopic”. 1000 is the size of the buffer. If node A publishes messages faster than listener
can process, messages will accumulate in a buffer up to 1000 before listener starts “ throwing”
them away. The value of the message is the result of the “ChatterCallback” function.
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In python :

In case your favorite language is Python, create a listener.py file into the scripts directory created
previously and add the following code in it :

#!/usr/bin/env python
import rospy
from package_tuto.msg import word
def callback (data) :
rospy.loginfo (rospy.get_caller_id() + "I heard %s", data.data)
def listener():
rospy.init_node('listener', anonymous=True)
rospy.Subscriber ("tutopic", word, callback)
rospy.spin ()
if _ name == '_ main__ ':

listener ()

In the python code, the main line is

rospy.Subscriber ("tutopic", word, callback)
This line enables the node to “subscribe” to the arbitrarily named topic “tutopic” and to exchange
“word” type message with a certain value. The value is the result of the “callback” function defined
at the beginning of the code.

Now let's check our topic.
Let's see all the currently active topics. Run the command :
rostopic list

The tutopic topic is not in this list. It's all right, because the node you just created which uses the
topic is not running yet. Now, if you run the listener node, it should activate the tutopic topic. Run
the following command :

In C++: rosrun package_tuto listener

In python : rosrun package_tuto listener.py

In a new terminal, check the list of topic currently available ( rostopic 1ist ). You should see
a new topic called tutopic. What a wonderful surprise !

In the same terminal, publish something on the topic :
rostopic pub /tutopic package_tuto/word 'put whatever you want

between the apostrophes'

You should see the node « heard » what you written on the topic.

NB : Don't forget to initialize again the workspace in a new terminal by running the command :
source ~/ros_ws_tuto/devel/setup.bash
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To publish on a topic in a node

Publishing on a topic is similar to subscribe from it. Create a node called talker and copy paste the
following code into its .cpp file. Re-build the workspace (catkin_make) and run both talker and
listener at the same time (in 2 different terminals).

C++ Code :
#include "ros/ros.h"
#include "package_tuto/word.h"
#include <sstream>
int main(int argc, char **argv)
{
ros::init (argc, argv, "speaker");
ros: :NodeHandle n;
ros::Publisher
chatter_pub=n.advertise<package_tuto::word> ("tutopic",1000);
ros::Rate loop_rate(10);
int count = 0;
while (ros::ok())
{
package_tuto::word msg;
std::stringstream ss;
ss << "hello world " << count;
msg.data = ss.str();
ROS_INFO ("%$s", msg.data.c_str());
chatter_pub.publish (msqg);
ros: :spinOnce () ;
loop_rate.sleep();
++count;
}

return 0;
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Python Code :
#!/usr/bin/env python
# license removed for brevity
import rospy
from package_tuto.msg import word
def talker () :
pub = rospy.Publisher ('tutopic', word, queue_size=10)
rospy.init_node ('talker', anonymous=True)
rate = rospy.Rate(10)
while not rospy.is_shutdown() :
hello_str = "hello world %s" % rospy.get_time ()
rospy.loginfo (hello_str)
pub.publish (hello_str)
rate.sleep()
if _ name_ == '__ _main__ ':
try:
talker ()
except rospy.ROSInterruptException:
pass

The pusblishing function is represented by these lines :

In C++:

chatter_pub=n.advertise<package_tuto::word> ("tutopic",1000);
ros::Rate loop_rate (10);

and

chatter_pub.publish (msqg);

In python :
pub = rospy.Publisher ('tutopic', word, queue_size=10)
and

pub.publish (hello_str)

Now run the talker node while the listener is running too. You should see that talker publishes
continuously on the tutopic topic while listener is subscribing and printing the message (“ hello
world 'counter'”’) on the terminal. The two nodes are communicating with each other via the
“tutopic” topic.

40



Einfiihrung in ROS und InteraSDK
Introduction to ROS and InteraSDK

e — Services

Services are similar to Topic + Messages. There is a service type defined by a .srv file and
the service is created by a node enabling to communicate between node. However, they are not used
in the same way. Topic and message are used for continuous data flow as for sensor informations,
while services are used for an occasional communication.

i — Create your own service type

A service type is simply a .srv file into the write directory :

cd ~/ros_ws_tuto/src/package_tuto
mkdir srv

gedit srv/service_tuto.srv

A service is composed of two parts, a request part and a response part. The request represent the
input of the service, and the response the output. In the .srv file, the two parts will be separated by
“---”_ The format of the service depends of course on the purpose of the service. As an example we
will create here a service which gives the average of two integers. So let's write a service type
having 2 integer as request and 1 integer as response. In the .srv file you just created, write :

int64 numA

int64 numB

float64 moy

In order to integrate this new file to the system, modify the CMakeLists.txt file and uncomment
these lines :

add_service_files(
FILES
service_tuto.srv

)
Then, from the main folder of the workspace, run the following command :
catkin_make install
This command creates the useful files to use the new service type you just created like the header

called in nodes.

ii — Create and use a service

Creating a service is similar than creating a topic. So first create a node called AverageNode and
write the following C++ code :
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In C++ (the python code is not following) :

#include "ros/ros.h"

#include "package_tuto/service_tuto.h"

bool average (package_tuto::service_tuto::Request &req,

package_tuto::service_tuto::Response &res)

{ res.moy = (reqg.numA + reqg.numB) /2;
ROS_INFO ("the average of %1d and %1d is %$f .", (long
int)reqg.numA, (long int)req.numB, (float)res.moy);

return true;
} // this is the function associated to the action of the service
itself.

int main(int argc, char **argv)
{ ros::init (argc, argv, "Average_Server");
ros: :NodeHandle n;
ros::ServiceServer service =
n.advertiseService ("Average_service", average);
ROS_INFO ("Ready...");
ros::spin();
return O;

}
Don't forget to re-built the workspace (catkin_make).

The node create the service with the following line :
ros::ServiceServer service = n.advertiseService ("Average_service",

average) ;

Now run the node you just created. You'll see the service Average_service in the service list. You
can also call this service with the following command :

rosservice call /Average_service 10 20

With 10 and 20 the two arguments of the service request.
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3 - InteraSDK : Discovering ROS and Tom (Sawyer)

The Intera SDK provides a platform for development of custom applications for Intera
Robots.

This repository contains meta-packages and files for installation/use of the Intera SDK.
Additionally, this repositories contain the Python interface classes and examples for action servers
and control of the Intera Robot from Rethink Robotics.

ROS can be used to develop software to program robots. Rethink Robotics did that for their robots.
Their operating system Intera presents 2 versions, one with a graphical interface and the other one,
InteraSDK based on ROS and open source. Obviously, the second one allows going deeper into
robot programming.

The ROS-based operating system for Sawyer (and Baxter) is well documented on this website :

http://sdk.rethinkrobotics.com/intera/Main_Page

a — Create an adapted workspace

Create a regular workspace as we learned in the previous part and call it ros_ws_intera :
create the directory then run the catkin_make command (don't forget to run the setup.bash file :
source /opt/ros/indigo/setup.bash)

Install Intera SDK dependencies and softwares required.

sudo apt-get install git-core python-argparse python-wstool
python-vcstools python-rosdep ros-indigo-control-msgs ros-—
indigo-joystick-drivers ros-indigo-xacro ros-—-indigo-tf2-ros
ros—indigo-rviz ros—-indigo-cv-bridge ros—-indigo-actionlib
ros—indigo—-actionlib-msgs ros-indigo-dynamic-reconfigure ros-

indigo-trajectory-msgs

(if you are experiencing problems with the copy/paste of the previous line, please click on the
following link :
http://sdk.rethinkrobotics.com/intera/Workstation_Setup#Install_Intera_SDK_Dependencies )

Install Intera robot SDK

cd ~/ros_ws_intera/src

wstool init

git clone https://github.com/RethinkRobotics/sawyer_robot.git
wstool merge sawyer_robot/sawyer_robot.rosinstall

wstool update
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Re-built the workspace

source /opt/ros/indigo/setup.bash
cd ~/ros_ws_intera
catkin_make
Configure the workspace accordingly to the robot Sawyer. It's only consisting on adapting the file

intera.sh

First, copy the file to the main directory of the workspace :

cp ~/ros_ws_intera/src/intera_sdk/intera.sh ~/ros_ws_intera
edit it,

cd ~/ros_ws_intera

gedit intera.sh
change: -Ip: your_ip="192.168.XXX.XXX"

you can find your IP address by typing i fconfig into a terminal.

- Or you can also change your hostname (instead of your IP, not both): your_hostname
= “<computer_name>.local”

- Distribution : ros_version="indigo"

-robot name : robot_hostname="tom.local"

Now, to initialize the system all you have to do is launch the intera.sh file :
cd ~/ros_ws_intera

./intera.sh

b - Examples

Intera SDK offers some nodes as examples. The source code for those examples are located
in the following directory : ~/ros_ws/src/intera_sdk/intera_examples/scripts/

Try to get familiar by running some examples. To run an example (which is a node) you have to
adapt the following command :

rosrun intera_examples <example_name.py>

Instructions for each examples are given on the terminal.

Here is some of the available examples :

intera_examples (located in ~/ros_ws_intera/src/intera_sdk/intera_examples/scripts/) :
gripper_keyboard.py = to control the gripper with the keyboard
gripper_cuff_control.py = to control the gripper with button on the robot
head_wobbler.py = make the head move
joint_position_keyboard.py = enable to control the robot with the keyboard

joint_position_waypoints.py —-s X —a Y =enable torecord point to point
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trajectory and to play it back at the speed ratio X and at the accuracy of Y rad.

camera_display.py —c <camera_name> = display the designated camera.
Option : —c¢ head_camera or right_hand_camera
-r raw

—-e only edge on the image.

lights_blink.py -1 <light_name> = make designated light blink :
light name : head_red_light, right_hand_blue_light, head_blue_light,
right_hand_green_light, head_green_light, right_hand_red_light

c - Topics relative to Sawyer

You can use the same commands about topics we learned previously.
Interesting topic to listen are :
rostopic echo ..
. /robot/limb/right/endpoint_state = pose, orientation, twist and wrench
. /robot/head/head_state = state of the head

. /robot/limb/right/gravity_compensation_torques = show
parameters of the current gravity compensator running.

interesting topic to publish on :
rostopic pub ..

. /robot/head/command_head_pan intera_core_msgs/HeadPanCommand

-— 'angle' 'speed' 'panMode' = make the « head » moving
angle=- n - =x

speed =0,1 - 3

panMode = 1

. -r 10 /robot/limb/right/suppress_cuff_interaction
std_msgs/Empty = disable the « zero-G » button

...—r 10 /robot/limb/right/suppress_gravity_compensation
std_msgs/Empty = enable to stop the gravity compensator controller

Another way to see topics available is using the command rgtplot. Once you run this

command, a window appears as follow :
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Illustration 2: example of an rqtplot window

Specify the topic of your choice in the right corner blank case. All the topic start with /robot. As you
can see there is a complete list of available topic. If you choose a topic, it will be plot in live in the

graph part bellow.

There is also another way to visualize topics on a graphic interface: using Rviz. Simply type in
rviz

in the terminal and the rviz software will start. If you are connected to Sawyer, you'll see Sawyer in

the visualization window on the right and on the left, a list of topics being displayed in the

visualization window.

For example, in the Effort element in the display tree (if you can not see it, add it by doing Add —

Effort — Ok, on the bottom left), you can choose to display the /robot/joint_state topic which

display live the efforts currently being applied at each joint of the robot.

Similarly, in the Camera element, you can also choose to display the

/io/internal_camera/right_hand_camera/image_raw topic that shows you the image of the hand

camera of Sawyer (it is also possible to display the image of the head camera but it must be enabled

first).

The Rviz software is a practical Graphic User Interface, GUI, that also allows you to model external
elements of the robot, visualize simulated robot trajectories, and much more. We will not extend too

much on this software here.
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d — How to create a ROS package and node to command
the robot

i — Create a node

Firstly, a packages is required. It's the exact same method which has been presented above :
Move to src folder in the workspace you just created and create the package called package_tuto :

cd ~/ros_ws/src

catkin_create_pkg package_tuto_sawyer std_msgs rospy roscpp
re-build the workspace :

cd ..

catkin_make

Secondly, the node can be created. As a reminder, a node is nothing elses than an executable file. In
this examples the node will be written in python but it could be written in C++.

Into the src folder, create an empty .py file :

cd ~/ros_ws/src

echo "" > nodeName.py

For now this file is not an executable. Let's do so :
chmod +x nodeName.py

Rebuilt the workspace from the ros_ws fodler :

catkin_make
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ii — Program a simple node and Rosbag

In the node you just created, type in the following python code :

#!/usr/bin/env python

import rospy
import intera_interface
rospy.init_node ('Hello_Sawyer')

limb = intera_interface.Limb('right')

angles limb. joint_angles ()

angles['right_j0']1=0.0

wave_1 = {'right_j6': -1.5126, 'right_j5': -0.3438,
'right_Jj4': 1.5126, 'right_3j3': -1.3833, 'right_3j2': 0.03726,
'right_Jjl1': 0.3526, 'right_Jj0': -0.4259}

wave_2 = {'right_3j6': -1.5101, 'right_3j5': -0.380¢,
'right_Jj4': 1.5103, 'right_3j3': -1.4038, 'right_3j2': -0.2609,
'right_3jl1': 0.3940, 'right_3j0': -0.4281}

for _move in range(3):
limb.move_to_joint_positions (wave_1)
rospy.sleep(0.5)
limb.move_to_joint_positions (wave_2)
rospy.sleep(0.5)

Save it and check if it runs correctly using the command:

rosrun package_tuto_sawyer nodeName.py

As seen previously, this code should simply make the robot wave its hand in a “hello” motion. In
this code, the two commands 1imb.move_to_joint_positions in the for loop, simply
publish a message containing the joint position data on the /robot/limb/right/joint_command topic.

The actuators of the robot then subscribe to this topic and move the joints.

Another interesting feature about ROS is the rosbag command to record and play back some topics.
This command allows you to record the messages published on specific topics and to replay them
afterwards. We will now make the robot “say hello” again, without running the node but by

replaying the joint position data on a specific topic.
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Open a new terminal and in your home directory (type cd in the terminal), or any other directory
you are (just remember where), first create a folder named bagfiles and go into it using the
following commands:
mkdir bagfiles
cd bagfiles
This file will contain the recorded data to be replayed later on.
Now type
rosbag record -0 jointData /robot/limb/right/joint_command
ROS is now recording everything that is being published on the /robot/limb/right/joint_command
topic and storing it in the jointData (.bag file) file located in the folder we created earlier.
In another terminal, now run the nodeName.py node we created earlier:
rosrun package_tuto_sawyer nodeName.py
Once the motion is over, terminate the rosbag recording by typing ctrl+c in the terminal where
rosbag was recording. In this same terminal and to replay the recorded motion, you can now type:
rosbag play jointData.bag

The robot should now replay the motion.

Basically all topics could be recorded and replayed using rosbag. The trick is to now on which topic
is published the data you want. To find some topics on which there is currently message being
published or subscribed, you can type

rostopic list -v
One way to record ALL topics at once is to type

record jointData -a
But be very careful when typing this: if many topic are active, you may record many unwanted
messages and also a huge amount of data if you record for too long.
There are also some option for the rosbag replay command:

rosbag play —-s <a number of second> jointData
to make the replay start “a number of second” after the beginning of the file.

rosbag play -r 2 jointData

to make the replay goes 2 times faster.
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iii — Program a node

In this part, we will try to create a node inspired from the others nodes available. The
objective is to create a node which enable to move the robot along the Cartesian space using the
keyboard key.
For instance the num-pad could be used as follow :
4 = increase y
6 = decrease y
8 = increase x
2 = decrease x
9 = increase z
7 = decrease z
1 = open gripper
0 = close gripper

All needed should be found in 2 different nodes :
- joint_position_keyboard from the package intera_examples which is basically the same
thing asking here but in the joint-space of the robot.

- ik_service_client also from the intera_examples package.

The general idea would be to pick up parts of each codes and adapt them in order to create

the desired node. Good Luck !!!

A few tips for the python program :
- The first line of the code has to be : #! /usr/bin/env python

- Don't forget to import the required element to run function in the code, for instance :

import argparse
import rospy
import intera_interface
import intera_external_devices
from intera_interface import CHECK_VERSION
- you can use the command
print (« my string %d » % (my_variable))
print ( « my string » )
to help you to see how the program works and what object are you manipulating

- in Python spaces and tabs matters
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e — A graphic interface : RVIZ and a trajectory planning
framework : Movelt! (For Your Information)

i — Installation
“Movelt! is state of the art software for mobile manipulation, incorporating the latest
advances in motion planning, manipulation, 3D perception, kinematics, control and navigation. It
provides an easy-to-use platform for developing advanced robotics applications, evaluating new
robot designs and building integrated robotics products for industrial, commercial, R&D and other
domains.
Movelt! is the most widely used open-source software for manipulation and has been used on over

65 robots. See the Robots page for a list of some of the robots that Movelt! is being used with.”

In practice, Movelt! is like a big ROS package with trajectory planning, collision detection,
kinematic models and many other built in codes. It can also be interfaced with the Rviz (GUI
presented above). This has the advantage, for example, to visualize the trajectory planned using
Movelt! and check where the collisions happen. Of course, additional home made codes (C++ and
Python) can be added.
Install Movelt! :

sudo apt-get install ros—-indigo-moveit
Incorporate the Movelt! to your worskapce. Into the ros_ws/src folder :

wstool merge https://raw.githubusercontent.com/
RethinkRobotics/sawyer_moveit/master/sawyer_moveit.rosinstall

wstool update

Re-built the workspace, in the ros_ws directory :
catkin_make

And check if the robot is enabled

rosrun intera_interface enable_robot.py -e

ii — First step
Start the joint trajectory controller :

rosrun intera_interface joint_trajectory_action_server.py
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Start the Movelt! application :

roslaunch sawyer_moveit_config sawyer_moveit.launch

electric_gripper:=true

This will launch the Rviz plug-in of Movelt! and you should see Sawyer appear in its current state.

NB: In the Motion planning window (lower left side), if there is “No planning library loaded”
written under “Planning Library”, it means that some additional steps must be performed.
First, terminate all nodes running on your terminals (ctrl+c). Then go into your
/ros_ws_intera directory and delete the build and devel folders (either manually or using the
rmdir <name_folder> command). Re-build your /ros_ws_intera workspace using

catkin_make. You should now be able to relaunch the Movelt! visualization in Rviz.

If everything went well, you should see the OMPL library in green in the Planning Library.
You can now click and drag the robot's end-effector and position it as you wish. In the Motion
planning window, you can then go in the Planning tab and click on the Plan button under
Commands. You will then see the robot performing the trajectory virtually. The trajectory can then
be executed in real life using the Execute button. Congratulation! You now managed to move the

robot using Movelt!.

If you want to discover much more features on the Movelt! Framework, here are some useful links:

General presentation of Movelt! : http://moveit.ros.org/

Tutorials: http://docs.ros.org/kinetic/api/moveit_tutorials/html/index.html
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Conclusion

This ends this short overview of ROS.

As you can now see ROS is a complex and powerful tool that enables you to do a lot with
robot : from controlling the robot motion and every element of it, to making a complete robot

controller with an user interface...

As an open-source software, ROS has an active community getting bigger and bigger. Any

question should find an answer on on-line forums. This makes it a great tool for research!
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Im Rahmen der Robotix-Academy Summer
School vom 12.-14.09. am ZeMA in Saar-
briicken prasentierte der Umwelt-Campus
Birkenfeld einen Workshop zum Thema
.Kommunikation zwischen einem Robo-
ter und einem externen Computer". Das
Thema ist fiir die Mitglieder der Robotix-
Academy besonders interessant, da der Auf-
bau einer Kommunikationsschnittstelle zwi-
schen Roboter und externem Computer
ein essentieller Baustein in vielen Robotik-
Anwendungen ist. Sie wird bendtigt, um
dem Roboter durch Sensorik erhaltene In-
formationen bereitstellen zu kdnnen. Ge-
rade bei Mensch-Roboter-Kollaborationen
ist dies fiir die Interaktion der beiden Par-
teien notwendig, wenn diese beispielsweise
iiber Sprach- oder Gestensteuerung erfolgen
soll. Ziel des Workshops war es, die Teil-
nehmer so zu schulen, dass sie iiber eine
jeweils eigens programmierte Schnittstelle
von ihrem Computer aus Befehle und In-
formationen auf einen Roboter iibertragen
konnen. Als Roboter diente hierzu der Uni-
versal Robot UR3, dessen Steuerung in ei-
ner virtuellen Maschine auf den Computern
der Teilnehmer lief. Im ersten Schritt wur-
de eine kurze Einfiihrung in die Program-
mierung des Universal Robots UR3 gege-
ben. Die Teilnehmer erstellten im Anschluss

Dans le cadre de la Robotix-Academy Sum-
mer School du 12 au 14 septembre au ZeMA
a Sarrebruck, le Campus environnemental de
Birkenfeld a présenté un atelier autour du
sujet « Communication entre un robot et un
ordinateur externe ». Le sujet est particu-
lierement intéressant pour les membres de la
Robotix-Academy, car la construction d'une
interface de communication entre un robot
et un ordinateur externe est un élément es-
sentiel dans de nombreuses applications de
la robotique. Elle est essentielle afin de four-
nir au robot des informations obtenues par
les capteurs. En effet, ceci est nécessaire
pour l'interaction des deux parties dans la
collaboration homme-robot, lorsqu’elle doit
par exemple s'effectuer par commande vo-
cale ou gestuelle. Le but de I'atelier était
de former les participants ainsi qu’ils pou-
vaient, chacun par une propre interface pro-
grammée, transmettre des commandes et
des informations par leurs ordinateurs au
robot. En tant que robot servait le Univer-
sal Robot UR3 dont la commande se faisait
dans une machine virtuelle sur I'ordinateur
des participants. Dans un premier temps,
on a donné une courte introduction a la
programmation du Universal Robot UR3.
Les participants ont ensuite congu un pro-
gramme de robot, qui devait étre lancé par
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ein Roboter-Programm, welches im spateren
Verlauf des Workshops vom Computer aus
gestartet werden sollte. Danach wurde eine
TCP/IP-Verbindung zwischen dem virtuel-
len Roboter und dem Computer aufgebaut.
Zum Senden von Befehlen iiber Sockets mit-
tels der aufgebauten TCP/IP-Verbindung
wurde zusidtzlich eine graphische Benutze-
roberfliche programmiert. Die Teilnehmer
konnten in der Benutzeroberfliche dann Be-
fehle eintragen und an die Robotersteuerung
iibermitteln, wodurch im Roboter beispiels-
weise Programme geladen, gestartet oder
auch gestoppt werden konnten. Abschlie-
Rend programmierten die Teilnehmer eine
Anwendung, bei der die Ubermittlung der
Daten auf die Robotersteuerung per MQTT
erfolgt, welches sich fiir den Transport eben-
falls dem TCP/IP-Protokoll bedient. Durch
die Verwendung von MQTT war es den Teil-
nehmern moglich, dem UR3 Roboter Daten
zu ubermitteln, ohne zwischen diesem und
dem Computer eine physische Verbindung
zu besitzen. Alle Teilnehmer konnten somit
ihre Befehle an einen Computer senden, der
als Broker fungiert und eine physische Ver-
bindung mit dem Roboter besitzt. Dieser
Broker leitete dann die Daten an den Robo-
ter weiter.

Kontakt:

Umwelt-Campus Birkenfeld
Sebastian Grol}

E-Mail: s.gross@umwelt-campus.de

Jan Jungbluth
E-Mail: jan.jungbluth@umwelt-campus.de

Thomas Bartscherer
E-Mail: t.bartscherer@umwelt-campus.de

I'ordinateur & un autre moment de I'atelier.
Aprés, une connexion TCP/IP entre le robot
virtuel et I'ordinateur a été construite. Pour
pouvoir envoyer des commandes par Sockets
grace a la connexion TCP/IP, une interface
graphique a été programmée en plus. Les
participants pouvaient alors enregistrer des
commandes dans l'interface et les trans-
mettre 4 la commande du robot, permet-
tant par exemple de télécharger, lancer ou
arréter des programmes dans le robot. Enfin,
les participants ont programmé une appli-
cation ou la transmission de données sur la
commande du robot s’effectue par MQTT,
qui se sert également du protocole TCP/IP
pour le transport. Grace a l'utilisation de
MQTT il était possible pour les participants
de transmettre des données au robot UR3
sans avoir une connexion physique entre
celui-ci et |'ordinateur. Tous les participants
pouvaient ainsi envoyer leurs commandes &
un ordinateur qui faisait fonction de courtier
et possédait d'une connexion physique avec
le robot. Ce courtier a ensuite transmis les
données au robot.

Contact:

Umwelt-Campus Birkenfeld
Sebastian Grol§

e-mail: s.gross@umwelt-campus.de

Jan Jungbluth
e-mail: jan.jungbluth@umwelt-campus.de

Thomas Bartscherer
e-mail: t.bartscherer@umwelt-campus.de
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Robotix-Academy Summer-School 2017

September 12" to 14" 2017

Human-Robot-Interaction

Workshop presented by Sebastian GroB3, Jan Jungbluth and Thomas Bartscherer
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1. What will we do during this workshop?
The goal of this workshop is to give you an introduction and an overview about human-robot-
interaction (HRI). To reach this goal theoretical and practical tasks will be executed:

e Getting a short overview what human-robot-interaction is and why you need it for a human-
robot-collaboration

e Looking at different communication channels like speech and gesture recognition

e Realizing a haptic interaction between human and robot

e Implementing a communication interface between an Universal Robots UR3 and a PC

2. Installing the required software
For exercises, during this workshop, you need to download and install different software-tools.
Which software is required and how you install them are explained in this chapter.

2.1 Install URSim and VMWare

URSim is a simulation software that is used for offline programming and simulation of robot pro-
grams. There are some limitations to the simulator since no real robot arm is connected. Especially
the force control will be limited in use. If Simulation Mode is selected in the bottom left corner, it is
possible to simulate digital inputs on the I/0 page.

URSim is made for the Linux operating system. For running the simulator in another operating sys-
tem, a virtual machine is needed. A virtual machine is basically just a program, where multiple oper-
ating systems can be installed, including Linux.

There are various options available, but we will use VMWare Player (free for non-commercial use,
small fee for commercial use). You can download the software through the following link:

https://www.vmware.com/products/player/playerpro-evaluation.html

After the download is finished you have to install the VMWare player (admin-rights required).

For easy convenience for non-Linux users, a virtual machine has been created for UR users. This con-
tains a simulator for UR3, UR5, and UR10. It is not possible to run more than one simulator simulta-
neously. You can download the required URSim Software through the following link:

https://www.universal-robots.com/download/

Select: Software - Offline Simulator - Non Linux - URSim 3.4.1
After the download is finished you have to unpack the zipped files.

To now run the URSim you just have to execute the following steps:

Start 'VMWare Player'

Press 'Open a virtual machine' and find the path where the zipped files were unpacked
Select URSim in the list and press 'Play virtual machine'

Press 'OK' when incompatibility dialog is shown

Press 'Download and Install' if VMWare Tools needs to be installed

Press 'OK' if keyboard hook timeout needs to be updated

ouvhkwNE
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7. Press 'OK' when the Removable Devices dialog is shown
8. The Virtual machine is now started!

The documentation of the URScript Programming Language can be downloaded through the follow-
ing link:

https://s3-eu-west-1.amazonaws.com/ur-support-site/28901/scriptManual3-4-3.pdf

You will need some of the URScript commands to successfully complete the tasks in this workshop
URCaps:

To use URCaps within the virtual machine you need to download the URCaps installation file for your
Robotiq device (download: http://support.robotig.com/pages/viewpage.action?pageld=5963876)

and unzip the content on a USB stick. Now you need to connect the USB stick to your virtual ma-
chine, and therefore disconnect it from the host - your computer (upper right corner in the VMWare
Player). Once the USB stick is available to the virtual machine, you can copy the .urcap file from your
USB key to the “programs” folder (home/ursim-current/programs) of the Polyscope you want to use
(UR3, URS or UR10).

Once this is done you have to execute the following steps:

Tap Setup Robot

Tap URCaps Setup

Tap the + sign

Open Robotiq_2-Finger_Adaptive_Gripper-X.X.X.urcap.

vk wneE

Tap the Restart button to restart Polyscope and activate the URCaps

2.2 Installing Microsoft Visual Studio and Mosquitto Broker

In this chapter, we will download and install Microsofts Visual Studio® 2017. With a short “Hello
World” program we will check if the Visual Studio installation was successful and give you a very brief
introduction to the usage of Visual Studio. Next, we will download and install the mosquito broker
for our MQTT based communication program. After the installation, we will also check its functionali-

ty.

Installing Microsofts Visual Studio 2017
Go to the Visual Studio Web page at https://www.visualstudio.com/ .

Download the Visual Studio IDE Community 2017 version and start the installation.

You will enter the window in Figure 1, for our purpose we only need to select the DotNet-Desktop
Environment, so select the check box and continue the installation. The installation will take some
minutes and will require a system restart.
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Figure 1 Customization of your Visual Studio installation

The Hello World Program

The first time you start Visual Studio, you will be pleased to sign up or to register. If don’t want to
register just click the “remind me later” link. On the next screen, will ask you for your color settings
and start preferences. Choose your color setting but don’t change the start preferences.

You will enter the start page of the Visual Studio IDE, which looks similar to Figure 2.

Figure 2 Start page of the Visual Studio 2017 (in dark color style)

We will now:
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uRhwneE

Create a new Windows Forms Projekt

Add a Button to the program window

Create a button-click-event to open a message box displaying “Hello World”
Run and test the program

Be proud of our achievement

Let's start:

1.

To create a new project we will select “File” -> “New”-> “Project...” in the menu bar. In the
appearing window, select the “Window Forms-Application”. Also, name the project “Hel-
loWorld” and click “OK”.

We will see the empty program window like in Figure 3.

Figure 3 The empty program window of our HelloWorld application

2.

To add a button element to the window we have to open the “Toolbox” side menu. In the
menu, you can search for the “Button” element. With a double click, or by drag and drop, we
can add the button to the program window. You should now resize the button to your prefer-
ences by dragging the edges of the button. To change the button text to “push me”, you need
to find the “Text”-Field in the button “Properties” (in the lower left corner).

The next step is to create the button-click-event. To do so, select the lightning symbol in the
button “Properties”. Find the Field called “Click” and double click on it. You will be redirected
to the source code of the “Form1.cs” file. In the created “button1_Click” method we will add
our code: MessageBox.Show(“Hello World”);
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Your code should look like Figure 4.

Figure 4 The C# source code of the HelloWorld program

4. Now we are ready to run and test your program. Press the green play button in the menu bar.
After a second the program window will appear. Click the “push me” button, you should see the
message box opening and the “Hello World” text.

Datei  Bearbeiten t Projekt FErstellen Debuggen Team Extras Test Analysieren Fenster Hilfe
G - Al A_ nmd
Pr [5324] HelloWorld.exe

Forml.cs 8 + X Forml.cs [Entwurf] &

HelloWorld = ~ @, button1_Click(objec

Hello World

.

¥ B X Aufrufliste
Figure 5 The Hello World program
5. Celebrate your victory

We can really recommend the C# language, its very powerful object-oriented language and easy to
learn. Also, the DotNet Framework provides you with tons of useful libraries. But with higher DotNet
Framework versions you are limited to Windows based operating systems. For lower versions of
DotNet, the Mono framework supports C# under Linux and macOS. If you want to know more about
the language just let us know, we can provide video courses and more.
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Install the Mosquitto MQTT Broker

MQTT is a lightweight communication protocol based on the publish/subscribe-mechanism. In the
MQTT protocol, all messages are handled and distributed by the broker. Clients are publishing mes-
sages in a topic and all other clients will receive the messages in an event based manner if they
subscribed to the topic. Mosquitto is an Open Source MQTT broker written in C. After the mosquitto
download, we have to install some additional software, before we can use the mosquito MQTT Bro-
ker.

We will now explain the installation for a Windows based OS.

Download the Broker and additional Software
Go to the web page http://mosquitto.org/download/ and download the “mosquitto-1.4.14-install-

win32.exe” file.

We need also OpenSSL. Download the “Win32 OpenSSL v1.0.2L Light” version (another version might
not work) from https://slproweb.com/products/Win320penSSL.html .

We also need the “pthreadVC2.dll” file, download it from
http://www.sourceware.org/pub/pthreads-win32/dll-latest/dll/x86/ .

Installation
First, you should install OpenSSL and remember the installation path (default is C:\OpenSSL-Win32).

Then, we install Mosquitto. Also remember the installation path (default is C:\Program
Files(x86)\mosquitto). After the installation, a command prompt will appear and an error message
will be thrown, that’s ok.

Now have to copy and move all the “.dIlI” —files from “C:\OpenSSL-Win32” and the “pthreadVvC2.dIl”
to the “C:\Program Files(x86)\mosquitto” directory. It should look like Figure 6.

You can check the installation by double click on “mosquito.exe”. If an empty command prompt ap-
pears and stays, you are fine. Most of the time, the windows firewall will ask you to assign network
privileges to the program. Let the program use private, public and domain networks to avoid any
firewall based connection problems. The MQTT Broker is now running and, if you don’t close it, we
can test its functionality.

Using Mosquitto

In the Mosquitto directory are two more programs we will use. With the first program “mosquit-
to_sub.exe” we can subscribe to a topic and receive messages from other clients publishing on that
topic. With the second program “mosquito_pub.exe” we can publish messages. We will start two
clients which subscribe to the topic “Robotix-Academy” and one client which publishes messages on
that topic. To start these programs we have to use the command prompt (cmd.exe).

First, change to the mosquitto directory with “cd C:\”Program Files (x86)”\mosquitto” . Don’t forget
the “” for the spaces in your path! To get an overview of the accepted parameters of the
“mosquitto_sub.exe” program use “mosquitto_sub.exe --help” .
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Figure 6 The mosquitto directory after placing the necessary DLLs.

All parameters in brackets (see Figure 7), like [-h host], are optional, only parameters without
brackets are necessary, like —t topic.

To subscribe to the topic just type “mosquitto_sub.exe —t Robotix-Academy” and hit enter, don’t be
surprised - nothing will happen. Start another command prompt and repeat the procedure to start a
second client listing to the topic.

To start a publishing client open a new command prompt, change the directory again to the
mosquitto directory and enter “mosquitto_pub.exe —t Robotix-Academy —m rocks” to send the
message “rocks” to the topic “Robotix-Academy”. Now all listing Clients should receive the message,
see Figure 8.

In the workshop, we will not use the “mosquitto_sub.exe” and “mosquitto_pub.exe”. Instead, we will
use libraries to implement the messaging service into our C# program. The MQTT protocol is easy to
use, light and powerful. You can run it on microcontrollers, like Arduino or an ESP8266. You can use
your mobile phone or tablet to send and receive MQTT messages (you will find the necessary Apps in
your App-Store). Amazons assistant Alexa speaks MQTT, the facebook messenger uses the protocol
and it is, de facto, the standard protocol of the Internet of Things. Take some minutes and have a
look at the MQTT capabilities on http://www.hivemg.com/mgtt-essentials/, it will affect your

career!

64



Human-Robot-Interaction

BN Eingabeaufforderung

Microsoft Windows [Version 18.8.15863]
(c) 2017 Microsoft Corporation. Alle Rechte vorbehalten.

C:\Users\JanJungbluth>cd C:\"Pr ram Files (x86)"\mosquitto

:\Program Files (x86)\mosquitto>mosquitto_sub.exe --help
uitto_sub is a simple mgtt client that will subscribe to a single topic and prinf
uitto_sub version 1.4.18 running on libmosquitto 1.4.10.

mosquitto_sub [-h host] [- alive] [-p port] [-q gos] [-R] -t topic
_count] [-T i er_out]
nd_address] [
id] [-I id_prefix]
[-N] [--quiet] [-Vv]
sername [-P password]]
l1l-topic [--will-payload payload] [--will-qgos
--capath dir} [--cert file] [--
] [--insecure]]
-identity identity [--ciphers

mosquitto_sub

bind the outgoing s <et to this host/ip address. Use to control which interfad
the client communicates over.
disable ‘clean (store subscription and pending

mes
‘msg_count’ message

ages when client di

ges.
to connect to. Defaults to localhost.
id to use for this client. Defaults to mosquitto_sub_ appended with the process|
define the client id as id_prefix appended with the process id. Useful for when
broker is using the clientid_prefixes option.
keep alive in seconds for this client. Defaults to 6©.
do not add an end of line character when printing the payload.
network port to connect to. Defaults to 1883.
provide a password (requires MQTT 3.1 broker)
quality of service level to use for the subscription. Defaults
do not print stale messages (those with retain set).
use SRV lookups to determine which host to connect to.
mgtt topic to subscribe to. May be repeated multiple times.

Figure 7 Picture of the command prompt while using mosquitto_sub.exe —help command

Figure 8 On the right side we see to clients receiving messages from the publishing client on the upper left command
prompt. On the lower left, you see the running mosquitto MQTT broker.
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3. Introduction to human-robot-interaction
Human-robot-interaction is the transfer of information between human and robot. The kind of in-
formation is diverse. Examples are:

e Instructions to the robot like moving the robot to a certain position
e The robot can inform the human about the current process-status
e Stopping the robot if something is going wrong

The transfer of information is bi-directional, which means that the human can provide information to
the robot and vice versa.

The ability to transfer information between human and robot is often necessary to realize a human-
robot-collaboration. During a collaboration, human and robot are working together on a common
goal, which means that they have to coordinate the respective tasks during the whole process. To do
so the human has to know what the robot does and what’s the current process status and vice versa.
It’s also possible that the human acts as a supervisor during the collaboration and therefore has to
give the robot its instructions. The transfer of these instructions is an interaction between human
and robot.

One of the main goals during the development of the interaction-interface is to create an interface
which is intuitively usable for humans. In the context of human-robot-collaboration, the robot is of-
ten called a co-worker. In order to see the robot as a co-worker, the human has to be able to com-
municate with him in the same way as with a normal (human) co-worker. This leads to communica-
tion via gestures, speech, and haptic interaction.

Besides the different mentioned forms of communication, there are also different roles for the hu-
man during a human-robot-interaction. These different roles will be explained in the following chap-
ter.

3.1 Roles of the human in an HRI
There are different roles for the human in a human-robot interaction (HRI):

Supervisor Monitors the robot and gives him instructions

Operator Controls the robot

Collaborator Works dependent with the robot on a common goal

Cooperator Works independently with the robot on a common
goal

As collaborator or cooperator he works in both cases together with the robot on an overall goal. The
difference between these two interaction-roles is, that as a collaborator, human and robot are also
working together on sub goals, which isn’t the case during a cooperation. To understand this differ-
ence, we will look at a real use case, the disassembly of a cooling water pump, which is shown in the
picture below. To disassemble this pump different tasks have to be done. For example, the unscrew-
ing of bolts or the removal of different parts, which are both sub goals. The overall goal is the com-
plete disassembly of the cooling water pump. If human and robot working together at the unscrew-
ing, the process is a human-robot collaboration. If the human does the unscrewing and the robot
removes all other parts it is a human-robot cooperation, because human and robot don’t work to-
gether on a sub goal.
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Fig. 1 Cooling water pump which has different parts and links between them.

Which of these interaction-roles the human takes over depends on the task at hand. During the hu-
man-robot interaction of a certain process, the human can take over one or more of this interaction
roles.

Besides the different roles for the human in an HRI there are also different communication channels
which can be used to transfer information between human and robot.

3.2 Communication channels
To realize such an information exchange different communication channels can be used. The differ-

ent channels are listed below:

e Electrical channel (GUI, AR, VR)

Fig. 1: Graphical-User-Interface (GUI)

e Mechanical communication

Fig. 2: Releasing the tool through force detection.
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e Optical communication (Gesture recognition)

Fig. 3: Controlling the robot through hand detection and gesture recognition.

e Acoustical communication (Speech recognition)

It is possible to use one or more of this channels in one application. Which of these channels are
most qualified in the present case depends on the information that needs to be communicated. To
instruct the robot to execute a certain task all the listed communication-channels can be used.

Often, the first step to realize the mentioned communication, is the construction of a communication
between the robot and an external PC. On the external PC, the devices and the software required to
execute for example speech or gesture recognition are running. The communication between the
robot and the PC is then used to exchange the data between the devices.

In the following chapter, we will program a communication interface between a Universal Robots
UR3 and an external PC using a TCP/IP protocol.

4. Communication-interface between UR3 and a PC
UR robot can communicate with outside equipment through TCP/IP protocol. In this chapter, we will
introduce you to the UR3 robot and show you how a haptic communication between the UR3 and
the human can be realized. Therefore we will use the offline programming tool URSim and later test
the developed programs on the real robot. We will also explain how a robot can communicate with a
PC. The Robot will be the Client using URScript and the PC will be used as the server.

4.1 Universal Robots UR3

The UR3 is a small collaborative robot with a maximum payload of 3kg and a range of around
500mm. The tool-side joint is able to rotate infinite times which can be used for example to realize
screwing tasks without attaching an additional electrical screwdriver onto the robot. Another feature
of the UR3 is the ability to measure the force and torque in the individual joint. With this measure-
ment, it’s possible to detect collisions and avoid harming the human and the robot. The force meas-
urement is based on a current measurement at the electric drive of every joint. Because of this
approach, the accuracy of the force measurement isn’t good.
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Fig. 4: Universal Robots UR3 (Quelle: https://www.universal-robots.com/de/produkte/ur3-roboter/)

Some technical data to the Universal Robots UR3:

e Weight: 11kg

e Payload: 3kg

e Range: 500mm

e Degrees of freedom: 6 rotating joints

e Rotation of the joint: +/- 360°; infinite rotation of joint 6

e Speed: up to around 1m/sec

e Repeatability: +/-0,1mm

e Collaboration operation: 15 advanced adjustable safety functions
e Programming: Polyscope graphical user interface (Fig. 5)
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Fig. 5: Polyscope user-interface of the Universal Robots UR3.

Besides using the Polyscope user-interface to program the robot it’s also possible to program the
robot via the URScript Programming language (Fig. 6).

def My_first_program):

set_analog_inputrange(0, 0)

set_analog_inputrange(1, 0)

set_analog_outputdomain(0, 0)

set_analog_outputdomain(1, 0)

set_tool_voltage(24)

set_runstate_outputs([])

set_payload(0.0)

set_gravity([0.0, 0.0, 9.82])

while True:

$ 0 “Robot Program”

$ 1 “MoveJ”

$ 2 “Waypoint_1"

movej([-0.7601482324296471, -1.9284112483400442, 2.4200850009312065,
-2.13148960204731, -1.562351390833685, -0.9523963238633675], a=1.3962634015954636,
v=1.0471975511965976)

$ 3 “Waypoint_2"

movej([-0.7601145807261123, -1.925313457229536, 1.4271208291636501,
-1.1406326407517442, -1.5621569587688118, -0.9518539657810257], a=1.3962634015954636,
v=1.0471975511965976)

end

end

Fig. 6: Example of a program written with URScript Programming Language.

In the next chapter, we will start to program the Universal Robots UR3. The goal is to create a haptic
interaction between the UR3 robot and human.
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4.2 Creating a mechanical communication with the UR3
The mechanical communication we will realize during this chapter should include the following pro-
cess steps:

e UR3 robot grips a screwdriver on a certain position

e UR3 robot hands over the tool to the human

e UR3 robot monitors the force at the TCP

e Human grips the handle of the screwdriver and pushes or pulls the screwdriver
e UR3 robot detects the force peak and opens the gripper

To grip the tool, we use the electrical gripper “2-finger-robot gripper 85” from Robotig. The ad-
vantage of this gripper is that he can be automatically integrated into the controller of the UR3. He
also comes with a GUI (Fig. 7) for the Polyscope user-interface.

Fig. 7: GUI of the Robotiq gripper

All the commands required to complete the tasks are available in the Polyscope interface.

To start with the exercise you have to start the VMWare and then open the URSim for the UR3 robot.
After that, you have to install the URCap for the Robotig-gripper like explained in chapter 2.

Now go to Program Robot and open an Empty Program. The programming interface will open.

The first step is to install a Tool-Center-Point (TCP) for the Robotiq gripper. To do so open the tap
Installation and tip the figures shown in the picture below. We will use this TCP for the move com-
mands.
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Fig. 8: Polyscope, TCP Configuration
The next step is the programming of the required move commands. We need:
e A home-position

e Points for the gripping of the tool
e A point to hand the tool to the human like shown in Fig. 2

To program a move command, go to the tap Structure and then choose Move (Fig. 9).

Fig. 9: Polyscope interface Structure

If you then go back to the tap Command you will be able to configure the move command. It isn’t
possible to choose the exact points for the tasks in the URSim because there is no option to include a
CAD model of the application into the URSim. This means that we only roughly teach the points in
the URSim and adjust them later on the real robot.
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The third step is the adding of the gripping command to the program. Therefore we will use the UR-
Caps of the Robotiq gripper. To use URCaps in a program you have to go to: Structure > URCaps and
then choose the URCaps you want, in our case the Gripper.

The last step in the offline simulation is the adding of the loop which monitors the force at the TCP
and opens the gripper of a force peak is detected. For the realization of this task we need to monitor
the force in X- and Y-direction relevant to the TCP. To get the actual force you have to create an As-
signment and then use the function get_tcp_force() (Fig. 10). Then you have to build the magnitude
between the X- and Y-direction. If the force peak reaches 35N or more the gripper should open and
release the tool.

Fig. 10: Functions within the Polyscope GUI

After the program is finished we can adapt it to the real world and test it with the UR3. Therefore
you have to save your program and then copy the .script file from the folder (home/ursim-
current/programs) to the USB-stick. Afterwards, we can plug the USB-stick to the UR3 robot and copy
the file to the robot-controller.

Unfortunately, it isn’t possible to test the whole program in the URSim. The reason behind is that the
functions behind the URCaps don’t get any signal back from the Robotiq gripper if he isn't connected
to the PC. Another reason is that the robot can’t detect any forces within the simulation. It’s only
possible to test the waypoints if you suppress the URCaps and Force commands.

5. Communication between the virtual machine and a program
To be able to communicate with the virtual machine from a locally running program follow these
steps:

e Start the URSim VM
e InVMware select Player -> Manage ->"virtual machine settings" -> network adapter -> cus-
tom select VMnet8 (NAT)
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Look for your IP within the VM by right clicking on the network button in the right corner of
the taskbar in Ubuntu; It might be something like 192.168.95.128

5.1 Programming a tool to communicate with the Universal Robots
At the beginning, create a new Windows Forms-Project, as shown before.

Now build a graphical user interface (GUI), like the one shown in Figure 1. Just click on the toolbox on
the left side on the window and drag and drop the single elements into the Form1 window.

Type: TextBox
L —»
Name: txtb_RobotIP
Type: PictureBox
Name: YourChoice
Type: ListBox
—

Name: Ib_Messages

Type: Label

Name: Your Choice ;-)

Type: LinkLabel /

Name: Ib_Messages

Type: TextBox Type: Button Type: Button

Name: txtb_Cmd2Send Name: btn_send Name: btn_Connect

Figure 9: The GUI we want to build

After you finished building the GUI, let’s fill our little program with life.

Go to the properties tab of the txtb_Cmd2Send TextBox. Within the other section, look for the Auto-
CompletionCustomSource entry. There you can fill in the following statements, which will be auto-

matically completed when you begin to type them in:

e l|oad <name>.urp

e play
e stop
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e pause
e quit

e shutdown
e running

e robotmode

e getloaded program

e popup <text>

e close popup

e addTolog <log_msg>

e isProgramSaved

e programState

e PolyscopeVersion

e setUserRole programmer
e setUserRole operator

e setUserRole none

e setUserRole locked

e setUserRole restricted

e poweron

e power off

e brake release

e safetymode

e unlock protective stop

e close safety popup

e |oad installation <inst_file>

Within AutoCompletionMode choose SuggestAppend and in AutoCompletionSource choose
CustomSource.

Now switch to the Form1.cs. Here we have to add some objects and functions to initialize our
communication. Let’s begin from top to bottom. Complete the using statements at the top of the
file. These statements allow us to use functions from other namespaces than the one we are
currently using. The list should look as follows:

using System; //used by many functions

using System.Diagnostics; //used for starting the Internet Explorer

using System.Text; //used to encode the text into the proper format
using System.Windows.Forms; //we are writing our code in Windows Forms?
using System.Net; //used for network communication

using System.Net.Sockets; //used for network communication

Right under the line

public partial class Forml : Form
complement

// Creation of a TCP-Client and a suitable Networkstream
private TcpClient client = new TcpClient();
private NetworkStream stream;

// Data buffer for incoming and outgoing data.
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private byte[] bytes_received = new byte[1024];
private byte[] bytes_send = new byte[1024];

Within the constructor of Form 1 (public Form1()), you can append these lines

this.txtb_RobotIP.Text = "192.168.2.2"; //to prefill the IP-Address TextBox
this.AcceptButton = btn_send; //to connect the button with the Enter-Key

Now switch to the Design Tab of the program and click on the LinkLabel and switch there to the
event-tab within the properties. Doubleclick on the LinkClicked event. Visual Studio will
automatically create a new function for this event. Within this function write the following
instruction:

Process.Start("iexplore.exe", "https://www.universal-robots.com/how-tos-and-
fags/how-to/ur-how-tos/dashboard-server-port-29999-15690/");

This instruction calls the Internet Explorer and passes the URL of the suitable “Universal Robots How-
To” Page for using the dashboard server.

Now switch back to the Design Tab of your program. Double click there onto the Connect Button.
Visual Studio creates the next function to handle the clicked-event on that button. In that newly
created function, add the part to connect the program with either the VM or the Universal Robot:

private void btn_Connect_Click(object sender, EventArgs e)

{

if (!this.client.Connected)
{
try
{
// Parse the string to an IPAdress instance
IPAddress ipAddress = IPAddress.Parse(this.txtb_RobotIP.Text);
// Connect to the Dashboard server
this.client.Connect(ipAddress, 29999);
// invoke the GUI Thread to give connection feedback
this.Invoke(
(MethodInvoker)
(() => this.lb_Messages.Items.Add(String.Format("Connected to {0}", this.txtb_
RobotIP.Text))));
// initialise the networkreader
this.stream = this.client.GetStream();
// read out the byte response
this.stream.Read(this.bytes_received, @, this.bytes_received.Length);
// convert the byte message to readable string
string msg_received = System.Text.Encoding.UTF8.GetString(this.bytes_received)
// invoke the GUI Thread to give display the response
this.Invoke((MethodInvoker)(() => this.lb_Messages.Items.Add(msg_received)));
// enable the send button
this.btn_send.Enabled = true;
// change the text of the connect button

this.btn_Connect.Text = "Disconnect";
}

catch (Exception er)
{

// catch and display the throw exceptions
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this.Invoke((MethodInvoker)(() => this.lb_Messages.Items.Add(er.ToString())));

}
¥

else

// We will disconnect from the Dasboard by closing the connection
this.client.Close();

this.client = null;

// disable the send button

this.btn_send.Enabled = false;

// change the connect button to connect

this.btn_Connect.Text = "Connect";

// empty the byte storage
this.bytes_send = new byte[this.bytes_send.Length];
this.bytes_received = new byte[this.bytes received.Length];

}

Switch back to the Design tab and double click on the Send button. Unsurprisingly Visual Studio will
create a function then as well.

private void btn_send_Click(object sender, EventArgs e)

{

// get the message from the text box an convert it to a byte array

this.bytes_send = Encoding.UTF8.GetBytes(this.txtb_Cmd2Send.Text + '\n');

// remove the text from the text box

this.txtb_Cmd2Send.Text = "";

// write the message into the stream

this.stream.Write(this.bytes_send, 0, this.bytes_send.Length);

// read the response bytestream

int bytesRec = this.stream.Read(this.bytes_received, 0, this.bytes_received.Leng
th);

// encode the response

string msg_received = System.Text.Encoding.UTF8.GetString(this.bytes_received);

// diplay the response

this.Invoke((MethodInvoker)(() => this.lb_Messages.Items.Add(msg_received)));

// empty the byte buffer

this.bytes_send = new byte[this.bytes_send.Length];

this.bytes_received = new byte[this.bytes_received.LlLength];

}

5.2 Communicate with the UR via MQTT

In this chapter, we will program a small MQTT client and thereby give you a short introduction to the
MQTT protocol. At the end of the workshop, we will connect the client to the dashboard

communication program from the last chapter. We will then be able to control the robot through any
device or program that uses the MQTT protocol.

Introduction to MQTT

MQTT is a communication protocol based on TCP/IP and the publish/subscribe mechanism. In this
architecture, a server, called a broker, is in charge of organizing the message flow between all the
clients. Different communication channels are realized by topics. Each topic is a communication
channel where interested clients can communicate with each other in a specific context. If a client

7



Human-Robot-Interaction

connects to the broker, he has to specify which topics he wants to subscribe and what additional
communication settings are used. Clients can publish messages on a topic by sending the message to
the broker. The broker will then take care that all topic subscribers will receive the message, see Fig-
ure 10.

Figure 10 The publish/subscribe principle of MQTT.

Let's start programming

We will use the project you already created for the dashboard communication with the UR Robot.
We will add some controls to the GUI before we start coding. We will add four text boxes with labels,
two buttons and one list box with a label, see Table 1 and Figure 11. The easiest way to do this is to
select and copy the controls. Thereafter you have to remember to rename the controls according to
Table 1.

Table 1 Overview of the control elements

Control Type Name Function

We will read from this text box the IP address of the

TextBox txtb_BrokerlP
Broker.

We will read from this text box the topics which we

TextBox txtb_SubscribeTo . .
will subscribe to.

We will read from this text box the topic we want to

TextBox txtb_PublishTo .
publish messages.

In this text box, we will enter the messages we want

TextBox txtb_MgttMessage to publish in the publishing-topic.

Button bt_MqttSend This button we will publish the message.
This butt ill t lient to the MQTT bro-
Button bt_MgttConnect kelrs utton will connect our client to the MQTT bro

We will display all incoming and outgoing MQTT mes-

ListBox Ib_MgttCommunication . N
sages in this list box.
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Figure 11 The extended GUI

After you added the controls, we have to load the MQTT libraries into our project. We will use
therefore the NuGet Package Manager in Visual Studio.

You find it under “Tools”->”NuGet Package Manager”-> “Manage NuGet Packages for Solution...”.

In the new window select the “Browse” label and search for “M2Mqtt”. You will find an entry from
Paolo Patierno, select it and also select the check box next to “Projekt” and “Your Project Name”.
Then hit install and close the window.

After the installation of the MQTT library, we have to add the code line
using uPLibrary.Networking.M2Mqgtt;

on the top of our program. The using directive will give us access to the namespace of the library so
that we can use its functionality.

The next thing is to declare the MQTT client instance as a field of the Form1 class.
private MgttClient mqttClient;

To connect to the MQTT broker we use the Click Event of the “bt_MqttConnect” button, therefore
change to the Form1.cs[Design] view and double click on the button. You will be redirected to the
Form1.cs source code and see the empty “bt_MqttConnect_Click” method. We will now add the
necessary code - to connect to the broker — in the body of the method, see Figure 12.
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private void bt_MqttConnect_Click(object sender, EventArgs e)
{

// here we initalise the mgtt client instance with the broker ip address
mgttClient = new MgttClient( txtb_BrokerIP.Text);

// Next we specify what topics we want to subscribe
mgttClient.Subscribe(new [14 txtb_SubscribeTo.Text}, new [1 {MqttMsgBase.QOS_LEVEL_EXACTLY_ONCE});

// we couple the message received event with the method MgqttMsgReceived
mgttClient.MgttMsgPublishReceived += MqttMsgReceived;

// we try to connect to the broker using a globally unique identifier (Guid) as client id
try
{

mgttClient.Connect(Guid.NewGuid().TeString());

catch (Exception)
{

MessageBox.Show("Can't connect to broker");

}
¥

private void MgttMsgReceived(object sender, MgttMsgPublishEventArgs mgttMsgPublishEventArgs)
{

throw new NotImplementedException();

¥

Figure 12 Source code to connect to the MQTT broker

We create the MQTT client instance with the IP address, the port is by default 1883. Then we specify
what topics we want to subscribe. We can subscribe to multiple topics just by adding the topics to
the string array. For each topic, we have to specify the Quality of Service (QoS) in the byte array. The-
re are three QoS levels defined by the standard:

e QoS 0 will deliver the message once, with no confirmation.
e QoS 1 will deliver the message at least once, with confirmation required.
e QoS 2 will deliver the message exactly once by using a four step handshake.

To make sure you really get the message exactly once, you have to publish and to subscribe with QoS
2! If the MQTT client receives a message, a “MqttMsgPublsihReceived” event is fired. In order to
get informed when this event occurred, we have to register the “MqgttMsgReceived” method to the
event handler. In the body of the “MgttMsgReceived” method, we describe then how to react to this
event. We will implement that at the end of this chapter.

Now we want to publish messages. Therefore we go again to the Form1.cs[Design] window and dou-
ble click on the “Send” button. It will create a method called “bt_MqttSend_Click”. In the body of the
method, we will place the code from Figure 13.
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private void bt_MgttSend_Click(object sender, EventArgs e)
{
string msg = txtb_MgttCmd.Text;
string topic = txtb_PublishTo.Text;

Invoke((MethodInvoker)(() =>
{
: 1b_MgttMessages.Items.Add("Send " + hopic + " "+ msg);
: Refresh();
1)

mgttClient.Publish(topic,Encoding.UTF8.GetBytes(msg),MattMsgBase.QOS_LEVEL_EXACTLY_ONCE, false);

Figure 13 The source code of the "Send" button.

First, we read the msg and the topic from the text boxes. Then we use the MethodInvoker to add the
message to the list box and refresh the GUI. After that, we publish our message in the topic. As you
can see we have to convert the message string into a byte array with the UTF8 encoding. We also
have to specify the QoS level for publishing. The last boolean parameter indicates if we want to leave
a retained message (true) on the broker or not (false). If we want to leave a message on the broker,
the message will be saved for the specified topic as last known good value. New clients that sub-
scribe to that topic will receive the last retained message on that topic instantly after subscribing.

Now we should edit the “MqttMsgReceived” method. Add the code in Figure 14.

private void MgttMsgReceived(object sender, MgttMsgPublishEventArgs mqttMsgPublishEventArgs)
{

string topic = mgttMsgPublishEventArgs.Topic;

string msg = Encoding.UTF8.GetString(mgttMsgPublishEventArgs.Message);

Invoke((MethodInvoker)(() =>

1b_MgttMessages.Items.Add("Received " + topic +
Refresh();

+ msg);

s

Figure 14 Source code of the MqttMsgReceived event

From the MqttMsgPublishEeventArgs we can get the topic, the message in the byte format, the QoS
level of the message and much more information. We use again the MehtodInvoker to add the mes-
sage to our MQTT list box.

Now we can test our program. Therefore start the mosquitto broker on your computer and start the
program. In the text box for the broker IP address, enter “127.0.01”. This is an internal IP address of
your computer. In the subscribe text box write the MQTT wild card “#”. With the wild card, you will
receive on all topics on that level messages. In the next text box write the topic within you want to
publish. Click on the “Connect” button, add a text to send and press the “Send” button. It should look
like Figure 15. As you will notice the program will run even you close the window. This is because the
MQTT client uses threads we don’t kill. To kill the threads by closing the window, go to the “Form-
Closing” method. There add the code from Figure 16.

81



Human-Robot-Interaction

Figure 15 First test of our program

The next step is to send a robot command through MQTT to the universal robot. We will do this by a
dirty but fast approach. In the “MqttMsgReceived” method we will wait on a special topic to indicate
the robot command, then we will write the robot command in the “txtb_Cmd2Send” text box and
create a button click event. You see the adapted code in Figure 17.

;;ii;tz Q;i;-égrﬁ;;F;;ﬁgi;;£;g(object sender, FormClosingEventArgs e)

{

._stream?.Close();

this.stream = null;

this.tcpClient?.Close();
this . tepClient = null;

this mqttClient?LDisconnect();
this mgttClient = null;

Figure 16 Killing all the MQTT client threads.

Figure 17 The adapted source code of the MqttMsgReceived method.
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If you connect to the universal robot Dashboard server you can now send robot commands through
the MQTT protocol, see Figure 18. If you use this code to control real robots please be careful!

Figure 18 The last test of our program was successful.
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Pole MecaTech,
Impulsgeber fiir
Innovationskraft im
Maschinenbau

Der Péle MecaTech hat sich die Entwick-
lung von Berufen und Beschaftigung durch
den Aufbau und die Umsetzung von inno-
vativen Projekten mit internationaler Aus-
richtung zur Aufgabe gemacht. Zu diesem
Zweck vernetzt der Pdle GroRunternehmen,
KMU, Universitdten sowie Forschungs- und
Kompetenzzentren. Das Ziel ist es fiir den
Péle eine treibende Kraft des gesamten Ma-
schinenbausektors zu sein.

6 wesentliche Markte

Im Laufe der Jahre hat sich eine Konzen-
tration von Fachwissen rund um die 6 ,we-
sentlichen Markte” entwickelt, fiir die die
Unternehmen des Pbéle MecaTech Produk-
te, Dienstleistungen und industrielles Equip-
ment bereitstellen:

e Gesundheit/ medizinische Gerate und Ein-
richtungen

e Bauen und Wohnen/ Baumaschinen und
-systeme

Le p6le MecaTech,
moteur
d’'innovation en
génie mécanique

Le Péle MecaTech a pour mission de déve-
lopper de I'activité et de I'emploi par le mon-
tage et la réalisation de projets innovants a
vocation internationale. A ces fins, le Pble
met en réseau des grandes entreprises, des
PME, des universités, ainsi que des centres
de recherche et de compétences. L'objectif
du Pdle est d’étre une force d’entrainement
de I’ensemble du secteur génie mécanique.

6 marchés prioritaires

Au fil des ans, une concentration des
compétences s'est créée autour de 6 « mar-
chés prioritaires » pour lesquels les entre-
prises du Pole MecaTech fournissent des
produits, services et équipements industri-
els:

e Santé & bien-étre / équipements & dis-
positifs médicaux

e Habitat & construction / systémes & équi-
pements de construction

e Energie & environnement / systémes &
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e Energie und Umwelt/ Energie- und Um-
weltsysteme und —ausriistung

e Transport und Mobilitdt/ Transportsyste-
me und —ausriistung

e Industrie/ Industriesysteme und —ausriis-
tung

e Verteidigung und Sicherheit

Die Digitalisierung

Der Stellenwert der Digitalisierung in der
Strategie des Pole MecaTech nimmt immer
weiter zu und nimmt rund um drei Aktions-
ebenen Form an:

e Eine Politik, die die Integration der Di-
gitalisierung in die von den Mitgliedern des
Péle entwickelten und vermarkteten Pro-
dukte fordert.

e Digitalisierung industrieller Prozesse, mit
Blick auf die Verbesserung der Qualitat, der
Produktivitat und der Wettbewerbsfahigkeit
e Entwicklung neuer Kompetenzen in Unter-
nehmen, die auf Digitalisierung und Auto-
matisierung von Unternehmen und vor allem
von KMU spezialisiert sind.

Dieser Prozess der ,Digitalisierung der In-
dustruiestruktur” soll sich auf eine Verstar-
kung der Kooperation zwischen ,traditionel-
len” und spezialisierten Unternehmen stiit-
zen, um so die Nachfrage bei der Digitalisie-
rung besser mit den Kompetenzangeboten
von Wallonien zu verbinden.

Kontakt:

Pole MecaTech

Jean Denoél

E-Mail: Jean.denoel@polemecatech.be

équipements d’énergie et d’environnement
e Mobilité & transport / systémes & équi-
pements de transport

e Industrie / systémes & équipements in-
dustriels

e Défense & sécurité

Le numériquerie

L’importance du Numérique dans la straté-
gie du Péle MecaTech continue de s'accélérer
et prend forme autour de trois niveaux
d’actions :

e politique visant a favoriser I'intégration du
numérique dans les produits développés et
commercialisés par les membres du Pole

e numérisation des processus industriels, en
vue d'améliorer la qualité, la productivité et
la compétitivité

e développement de nouvelles compétences
au sein d'entreprises spécialisées dans la
numérisation et I'automatisation des entre-
prises et particuliérement des PME.

Ce processus de « numérisation du tissu
industriel » doit s'appuyer sur un renforce-
ment de coopération entre les entreprises «
traditionnelles » et les entreprises spécia-
lisées afin de mieux croiser les demandes de
numeérisation avec I’offre de compétences en
Wallonie.

Contact:

Pole MecaTech

Jean Denoél

e-mail: Jean.denoel@polemecatech.be
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Kontakt
Contact

Projektleitung
Direction du projet

/eMA

Zentrum fir Mechatronik
und Automatisierungstechnik

Projektpartner
Operateurs du projet

UNIVERSITE
DE LORRAINE

Rainer Muller, Prof. Dr.-Ing.
Zentrum fur Mechatronik und
Automatisierungstechnik gGmbH
Telefon: +49 (0)681 857 87 15
E-Mail: rainer.mueller@zema.de
Webseite: www.zema.de

Matthias Vette-Steinkamp, Dipl.
Wirt.-Ing. (FH), M.Eng.

Zentrum fur Mechatronik und
Automatisierungstechnik gGmbH
Telefon: +49 (0)681 857 87 531
E-Mail: matthias.vette@zema.de
Webseite: www.zema.de

Gabriel Abba, Prof. Dr.

Université de Lorraine

Telefon: +33(0)387 375 430

E-Mail: gabriel.abba@univ-lorraine.fr
Webseite: www.univ-lorraine.fr

Olivier Bruls, Prof.
Université de Liege
Telefon: +32 (0)4366-9184
E-Mail: o.bruls@ulg.ac.be

Webseite: www.ulg.ac.be

Jean Denoél

Pole MecaTech

Telefon: +32 (0)488 833 464

E-Mail: jean.denoel@polemecatech.be

Webseite: www.polemecatech.be

Wolfgang Gerke, Prof. Dr.-Ing.
Hochschule Trier, Umwelt-Campus
Birkenfeld

Telefon: +49 (0)6782 17-1113

E-Mail: w.gerke@umwelt-campus.de
Webseite: www.umwelt-campus.de
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Strategische Partner

Peter Plapper, Prof. Dr.-Ing.
Université du Luxembourg
Telefon : +352 (0)466644-5804
E-mail: peter.plapper@uni.lu
Webseite: wwwde.uni.lu

Opérateurs méthodologiques

Régis Bigot

Manior Industries

Telefon: +33 (0)3 87 39 78

Webseite: www.manoir-industries.com

Frédérik Cambier
Technifutur
Webseite: www.technifutur.be

Julie Corouge

Universitat der Grof3region
Telefon: +49 (0)681 301 40801
E-Mail: julie.corouge@uni-gr.eu
Webseite: www.uni-gr.eu

Laurent Federspiel
Luxinnovation = National Agency
for innovation and research
Telefon: +352 (0)43 62 63 - 858
E-Mail:
laurent.federspiel@luxinnovation.lu
Webseite: en.luxinnovation.lu

Amarilys Ben Attar

Institut de Soudure

Telefon: +33 (0)3 87 55 60 76
E-Mail: a.benattar@isgroupe.com
Webseite: www.isgroupe.com

Christian Laurent
Automation & Robotics
Telefon: +32 (0)87 322 330
E-Mail: c.laurent@ar.be
Webseite: www.ar.be
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Nigel Ramsden

FANUC Europe Corporation
Telefon: +352 (0)72 77 77 450
E-Mail: nigel.ramsden@fanuc.eu
Webseite: www.fanuc.eu

Sakina Seghir

MATERALIA - Pole de Compétitivité
MatériauxMaterial, Verfahren,
Energie

Telefon: +33 (0)3 55 00 40 35

E-Mail: sakina.seghir@materalia.fr
Webseite: www.materalia.fr

Abdel Tazibt

CRITT TJFU

Telefon: +33 (0)3 29 79 96 72
E-Mail: a.tazibt@critt-tjfu.com
Webseite: www.critt-tjfu.com

Grégory Reichling

Citius Engineering

Telefon: +32 (0)4 240 14 25

E-Mail: gregory.reichling@citius-
engineering.com

Webseite: www.citius-engineering.com
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