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Vorwort

Die Robotix-Academy ist auf einem gu-
ten Weg ein internationaler Forschungsclus-
ter fiir industrielle Robotik und Mensch-
Roboter-Kooperation zu werden. Das drit-
te Projektjahr wurde im Wesentlichen dazu
genutzt, die Kooperationen mit der Indus-
trie auszubauen und eine Verstetigung nach
Projektende zu erreichen. Dafiir wurden be-
reits mehrere neue Forschungsantrdge ein-
gereicht, u.a. ein MARIE SKLODOWSKA-
CURIE INNOVATIVE TRAINING NET-
WORKS, welches 2018 von allen Partnern
gemeinsam erarbeitet worden ist.

Die Partner der Robotix-Academy haben ih-
re Portfolios mit Inhalten gefiillt und konn-
ten die Academy iiber eine Vielzahl von
Veranstaltungen in der GroRregion einem
breiten Publikum aus Industrie und Hand-
werk prasentieren. Die Marke ,Robotix-
Academy” konnte sich weiter etablieren, was
die Prasenz auf den wichtigsten Fachmessen
und Veranstaltungen 2018 zeigt. Die Ver-
anstaltungsformate Wissenschaftskonferenz
RACIR - Robotix-Academy Conference for
Industrial Robotics — und Robotix-Academy
Roadshow sind ausgereift und fester Be-
standteil des Aktionsplans. Dieser ist mit
Input der strategischen Partner sowie der
Verbiande und der Landesvertreter erstellt
und sieht vor, die Bereiche Kommunikati-
on, Forschung und Technologietransfer so-
wie den Aufbau des Beteiligungsnetzwerks
in der Industrie-Robotik zu erweitern. Fiir
den Bereich Kommunikation ist die Robotix-
Academy hier bereits sehr erfolgreich: Im
Herbst 2018 konnte sie sich auf der Interreg-
Veranstaltung KapKomGR als Best Practice
Beispiel prasentieren.

Die Projektpartner freuen sich iiber das
wachsende Interesse an der Robotix-Academy
und bedanken sich an dieser Stelle bei al-
len Beteiligten und Forderern fiir die gute
Zusammenarbeit.

Préface

La Robotix-Academy est en voie de deve-
nir un pdle de recherche international pour
la robotique industrielle et la coopérati-
on homme-robot. La troisiéme année du
projet a principalement servi a dévelop-
per la coopération avec l'industrie et a
assurer la continuité aprés la fin du pro-
jet. Plusieurs nouvelles propositions de re-
cherche ont déja été soumises, dont MA-
RIE SKEODOWSKA-CURIE INNOVATIVE
TRAINING NETWORKS, qui a été déve-
loppé conjointement par tous les partenai-
res.

Ceux-ci ont rempli leurs portefeuilles de
contenu et ont pu présenter la Robotix-
Academy 3 un large public de l'industrie
et du commerce lors de nombreux événe-
ments dans la Grande Région. La marque
«Robotix-Academy» a pu continuer a se
positionner, comme en témoigne sa pré-
sence sur les salons et événements les plus
importants en 2018. Les formats RACIR -
Robotix-Academy Conference for Industri-
al Robotics - et Robotix-Academy Roads-
how sont tous deux des événements ma-
tures qui font partie intégrante du plan
d'action de |I'Academy. Il a été élaboré avec
la contribution de partenaires stratégiques,
d'associations et de représentants natio-
naux et prévoit |'expansion des domaines
de la communication, de la recherche et du
transfert de technologie ainsi que la création
d'un réseau de participation a la robotique
industrielle. La Robotix-Academy connait
déja un grand succés dans le domaine de la
communication : En automne 2018, elle a
pu se présenter comme un exemple de bon-
nes pratiques lors de I'événement Interreg
CapComGR. Les partenaires du projet sont
trés contents de I'intérét croissant apporté
a la Robotix-Academy et voudraient saisir
cette occasion pour remercier tous les par-
ticipants et parrains pour cette excellente
collaboration.
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Robotix-Academy Summer School

Die Robotix-Academy Summer School fand
vom 03. bis 05. September 2018 an der
Universitat Littich (Belgien) statt und bot
die Moglichkeit, Doktoranden und Master-
studenten der 5 Partneruniversitaten zusam-
menzubringen.

Die Universitat Liittich organisierte die zwei-
te Summer School im Rahmen des Projekts
Robotix-Academy. Anfang September tra-
fen sich 16 Doktoranden und Masterstuden-
ten der 5 Partneruniversititen fiir drei Tage,
um ihr technisches Wissen in verschiedenen
Bereichen der Robotik, wie z.B. Human-
Roboter-Kooperation oder Programmierung
iiber ROS, auszutauschen.

Das Programm war sehr vielfaltig und bein-
haltete die Kalibrierung eines Lasermesssen-
sors per Linie auf einem Roboterarm. Diese
Veranstaltung bot auch eine Gelegenheit fiir
die Teilnehmer, sich mit der Software ,Ro-
botStudio” vertraut zu machen. Die Stu-
denten konnten den Roboter ,Yumi" pro-
grammieren und modellieren; sie entdeckten
so die Roboterprogrammierung von ,ROS"
und ,Movelt”. SchlieBlich widmeten sie sich
auch der computergestiitzten Bildverarbei-
tung fiir die Robotik und der Messung der
menschlichen Bewegung.

Diese Veranstaltung bot auch Raum fiir Dis-
kussionen und den Austausch und trug dazu
bei, das Projektteam weiter zusammen zu
schweilen.

L'école d'été de la Robotix-Academy a eu
lieu du 3 au 5 septembre & I'Université de
Liege (Belgique) et a été I'occasion de réu-
nir doctorants et étudiants de master des 5
universités partenaires.

L'université de Liége a organisé la deuxiéme
école d'été du projet Robotix-Academy. Dé-
but septembre, 16 doctorants et étudiants
de master des 5 universités partenaires se
sont rassemblés durant 3 jours afin de parta-
ger leurs connaissances techniques dans di-
vers domaines liés a la robotique, comme
la collaboration humain-robot ou encore la
programmation via ROS.

Le programme était trés varié et compre-
nait notamment la calibration d'un capteur
de mesure laser par ligne montée sur bras
robotique. Ces journées ont également été
I'occasion pour les participants de se fami-
liariser avec le logiciel « RobotStudio ». Les
étudiants ont pu programmer et modéliser
le robot « Yumi » et ont découvert la pro-
grammation de robot par « ROS » et «
Movelt ». Enfin, ces journées étaient aus-
si dédiées a la vision par ordinateur pour la
robotique et A la mesure du mouvement hu-
main.

Cet événement était également un moment
de discussion et d'échange qui a permis de
souder un peu plus I'équipe du projet.
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Calibration of a 2D laser linesensor

Das ZeMA veranstaltete einen Workshop
zum Thema , Kalibrierung eines 2D-Laser-
liniensensors”. Laserliniensensoren sind 2D-
Sensoren, die nur Werte an zwei Koordina-
ten erfassen konnen. Wihrend des Work-
shops wurde eine intuitive Kalibriermethode
zur Kalibrierung eines 2D-Sensors mit einem
Roboterarm vorgestellt.

Unter Beriicksichtigung der vordefinierten
Rahmenbedingungen wird aus dem Glei-
chungssystem, das an zwei Positionen mit
dem Roboterarm in Verbindung steht, eine
einzige Losung berechnet. Um die Auswir-
kungen von Sensor- oder Umgebungsrau-
schen bei der Roboterapplikation zu mi-
nimieren, wird nach mehreren Messungen
eine Losung der kleinsten Fehlerquadrate
bestimmt.

Kontakt:

ZeMA gGmbH

Ali Kanso

E-Mail: a.kanso@zema.de

Le centre ZeMA a organisé un atelier inti-
tulé »Etalonnage d'un capteur laser linéaire
2D «. Les capteurs laser linéaire sont des
capteurs 2D qui ne peuvent enregistrer des
valeurs que sur deux coordonnées. Au cours
de I'atelier, une méthode de calibration in-
tuitive pour calibrer un capteur 2D par rap-
port A bras robotique a été présentée.

En tenant compte des conditions limites
prédéfinies, une solution unique est calculée
a partir du systéme d'équation liée a deux
positions du bras robotique. Pour minimi-
ser les effets du bruit du capteur ou du bruit
ambiant dans I'environnement du robot, une
solution des moindres carrés est déterminée
aprés avoir effectué plusieurs mesures.

Contact:

ZeMA gGmbH

Ali Kanso

e-mail: a.kanso@zema.de




Calibration of a 2D laser linesensor

Project work — calibration of a 2D
laser line sensor

Ali Kanso M.Sc.

ZeMA - Zentrum flur Mechatronik und
Automatisierungstechnik gemeinniitzige GmbH

Liege, 03.09.2018 — 06.09.2018

© ZeMA gGmbH
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Images: VDI 2681 - Blatt 1

m Coordinate systems for robot
— World coordinate system
— Reference coordinate system
— Base coordinate system
— Workpiece coordinate system
— Flange coordinate system

— End effector coordinate system (Tool Center Point -
TCP)

~ m Transformation of the measured data

— Laser line sensor provides 2D measured data with
respect to the sensor coordinate system

— The measured data must be transformed to the
flange coordinate system

— = expand the 2D measured data to 3D space

— - The transformation matrix FT,= X must be

Base ¥ determined

©® ZeMA gGmbH
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Calibration of a 2D laser linesensor

Laser line sensor: LMI — Gocator 2300

m Gocator 23XX, XX = 20, 30, 40, 50, 70 oder 80
— Measuring range:
= Xmin =18 mm
= Xmax = 1260 mm
"Z=25mm ... 800 mm
— Accuracy: um range
— Price: ca. 8500 €
2320 Gocator 2340 Gocator 2330 — Function: Laser triangulation (Laser + CMOS

ml_ Camera)
X) . . .
— Provides raw data (1280 points/ profile)
Coarrce ®m Provides raw data and teach-in algorithms are available
(CD)
Neav’
—fe F\e\[ngiv\;)\
Measurement t
Range
(MR)
T 1 FarField of View
(FOV)
Quelle: LMI:
© ZeMA gGmbH Seite 6
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m The sensor provide 2D Data with respect to its internal
coordinate system

®m The coordinate system of the system must be calibrated
with respected to flange coordinate system of the robot

m - the 2D measured data can be transformed to 3D data

Quelle: LMI:

© ZeMA gGmbH Seite 7
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Calibration of a 2D laser linesensor

Universal Robot — User-friendly HRC robot system for everybody

Universal Robot UR3 /UR5/ UR10

Reference: Universal Robot Images: Universal Robot

m 6 axis jointed arm robot

® Maximum range 500mm / 850mm / 1300mm
B Maximum load capacity 3kg/5kg/10kg

m Own weight 11 kg /18 kg /29 kg

® Aluminum housing

Features:

m Very cheap and easy to handle
m User-friendly operation via Touch Pad
m Simple teaching of the positioning tasks by hand guiding

m Developed for small and medium-sized enterprises

© ZeMA gGmbH

Workshop application
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X
OB Xg Oworld world

B The sensor must be mounted on the robot flange

® The corner of a precise fabricate cube is measured with the

sensor

— A coordinate system that is connected to the corner is measured
with respected to internal coordinate system of the sensor

— The cube represents a calibration target

— The pose of the robot flange with respect to the base coordinate
system is observed from the robot controller

— = this event is repeated four times after moving the robot flange

m Let the calibration matrix of the sensor with respect to robot

flange be X

® The transformation matrices of the robot flange and the

sensor coordinate system with respect to the initial pose are
A and B respectively

m - solve AX=XB

©® ZeMA gGmbH

Seite 12
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Calibration of a 2D laser linesensor

Workshop application
® Edge detection

i) 17231.1.140 Rl A+ 4 nwew =
Lﬁl

0 Y ey v ()50

I T
T e —— functions _,

oo
{oo
{oo
2@o

A G

o
18414 )
o

© ZeMA gGmbH Seite 13
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Cube measurement

m A reference coordinate system is defined
at a corner of a cube

B The corner is measured with the laser
liner sensor
— Three positions *r,, Sz and 1, are
measured with the sensor
— A, BandC lies on X-, Y- und Z-axes of

{

Ta the reference coordinate system
respectively
a 0 0
. r_rA=(0); Trg=(0 ;e =\ c);

0 b c

7 m O, is required to determine the

transformation T,
C
c\
O, *
© ZeMA gGmbH Seite 16
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Calibration of a 2D laser linesensor

Solving the System AX=XB

X
OB Xg Oworld world

m AX=XB

Dy, 1y Dy 1y Dy 1y Dy 13
[ | I | = i —
0" 1) \0" 1 or 1) \0" 1
B Separation of the problem in position and
orientation component
— Orientation component
= D, -Dy= Dy Dy
— Position component
"Darx+Ta=Dxrstrx
m Lie group theory transforms the orientation
component into a linear system

- Log(A)=2 sii(e) (4-47)

— 6 is the rotation matrix of A

© ZeMA gGmbH

Least square estimate —

Seite 18
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Orientation component

owgs,

Vi =

/\ X
2
]
e

X
OB Xg Oworld world

B mindestens drei Paare (A, B) sind notwendig, damit
M regular ist

— - drei Bewegung ausgehend von der Erste Position
B Because of inaccuracies and noise:
— Dy; - Dy= Dy - Dg; <=> Dy - log(Ai) = log(Bi)
— sei a; = log(Ai) und B; = log(Bi)
-2?Dk-fi=a
B Dy is solvable by solving the equation :
- min X7, 105 - B — o I?
— its solution in closed form can be effectively
calculated as
"Dy =U-V2.yt. YT
" WobeiM =YY" .5 -a; T
YV gl = MT.M’l/2
" V=d1’=3g(/\1,7\2, e Ag)
e =diag(*/r, *fr,» )
L] }\17‘ Ay, ..., A, are the eigen values of the matrix
M"-M

= U is the matrix of the eigen values

©® ZeMA gGmbH

Seite 19

HILCIrcy n Ze A
Crande Région | GroBregion

‘\Robotix~Academy




Calibration of a 2D laser linesensor

Least square estimate — Position component

m oy is solvable by solving the equation :

OwegR . ° B (T |

'€

— Least squares method
[ QT_X:(CT'C)_l‘CT‘i
E — Dy,

y N
] e
s (= .

X
OB Xp Oworld world

Ta, ~ Dx-7p,

T, Dx 78,

1o, — Dy 13

© ZeMA gGmbH Seite 20
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Robot programming using ROS & Movelt

Die Universitat Liittich hat einen Workshop
mit dem Titel ,Programmierung von Robo-
tern mit ROS & Movelt"durchgefiihrt. ROS
(Robotic Operating System) ist eine Com-
puterumgebung zur Roboterprogrammie-
rung und Sensorintegration. Diese Open-
Source-Umgebung ist in Forschung und In-
dustrie weit verbreitet und wird von Tag
zu Tag umfangreicher. Der von der Uni-
versitat Littich angebotene Workshop ist
eine Einfiihrung in zwei ROS-Tools: Mo-
velt und Gazebo. Wahrend dieses Work-
shops werden die Teilnehmer zunidchst an-
geleitet, ein Robotermodell (.urdf-Datei) in
die ROS-Umgebung zu integrieren und mit
dem Werkzeug Gazebo zu simulieren.

Der zweite Schritt besteht in der Program-
mierung des zuvor mit dem Movelt Werk-
zeug simulierten Roboters. SchlieBlich er-
moglicht der letzte Schritt die Integration
einer Umgebung in die Robotersimulation.

Kontakt:

Universitat Liege

Arthur Lismonde

E-Mail: alismond@ulg.ac.be

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

L'Université de Liége a proposé un atelier
intitulé «Programmation de robots avec
ROS & Movelt». ROS (Robotic Opera-
ting System) est un environnement infor-
matique pour la programmation de robot
et l'intégration de capteur. Cet environ-
nement open source est largement utilisé
dans la recherche et dans l'industrie et
s'enrichi de jour en jour. L'atelier proposé
par I'Université de Liége est une introduc-
tion A deux outils de ROS : Movelt et Ga-
zebo. Lors de cet atelier, les participants
sont d'abord amené a intégrer un model (fi-
chier .urdf) de robot dans I'environnement
de ROS et le simuler grace a I'outil Gazebo.
La seconde étape consiste en la programma-
tion du robot simulé précédemment grace
a l'outil Movelt. Enfin, la derniére étape
permet d'intégrer un environnement dans la
simulation du robot.

Contact:

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

Robin Pellois
e-mail:robin.pellois@ulg.ac.be

10
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Robot programming using ROS & Movelt
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Robot programming using ROS & Movelt

Introduction

Objectives of the complete tutorial

- Perform motion planning with ROS and Movelt!

- Create a Movelt configuration for a specific robot.
- Learn how to use .launch files.

- Cast a robot simulation in Gazebo (URDF- Xacro).

Illustration of the end of the workshop :

. moveit.rviz* - RViz

fymeract | gvovecamers [selee 4 = Il T I
B Displays.

» @ Global Options
» ¥ Global status: Ok
» @ Grid
» 3 MotionPlanning
= i Robotstate

» v status: Ok
Robot

3 MotionPlanning
Context Planning Manipulation Scene Objects Stored Scenes Stored States ~ Status

Planning Library

omPL <unspecified> + Publish Current Scene
Warehouse

Host: 127.0.0.1 Port: 33829 ,  Connect
Kinematics

Reset  Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click:: Move Z. Shift: More options.

13



Robot programming using ROS & Movelt

PART 1: GAZEBO

A - Creation of an virtual environnement based on URDF file
a - urdf file
The Unified Robot Description Format (URDF) is the standard ROS XML representation

of a robot model (kinematics, dynamics, sensors) describing the robot characteristics in a ROS
system.

FOR EXTRA INFO: http://wiki.ros.org/urdf

1) Create a workspace named lab_workspace in the home directory of the computer. To make
ROS notice the existence of this package you have to modify a specific Ubuntu file. In a new
terminal, in the home directory, write the following command:

gedit .bashrc

This will open afile. In that file, at the end of all the lines write the following, changing USER_XX
with the name of your current Ubuntu user:

source ~/lab_workspace/devel/setup.bash

This is the standard procedure for making ROS to notice a user created package. It allows to
avoid the requirement to source your workspace every single time you open a new terminal,
which we will be doing several times in these tutorials.

2) Inside the scr folder of the lab_workspace folder create a package named lab_ur5_pkg

3) Inside the lab_ur5_pkg create a folder named urdf

4) Inside the folder named urdf create a file named lab_ur5_joint_limited_robot.urdf and
write into the file the following:

4.1) The common headers: xml and robot name:

version="1.0"7?>

xmlr

name="ur5"

4.2) It is required to have a world link, which is the reference for the complete
simulation. Also, create a “dummy” link that we will use in the future as follows:

14



Robot programming using ROS & Movelt

"world" />

me="base footprint link" />

4.3) Create a pillar for attaching the robot, this will be used as the base for the robot.
It is required to write the collision and the visual tags.

4.4) Now we must connect the world with the pillar, and the pillar with the base of the
robot. This is done by creating joints between the bodies. The location of the joints is measured
relative to the geometric center of the bodies.

Add two joints to connect the pillar link to the world link. Also, define a joint for the “dummy”
link.

15



Robot programming using ROS & Movelt

b - xacro file

Now, if the robot is a simple one, you could write all the links, joints, physical properties and
visuals by hand. However, is a common practice for the robot manufacturers to provide their
URDF robot description which can be launch in ROS.

1) Get the robot description of the UR5 as follows:
- copy the file : fopt/ros/indigo/share/ur_description/urdf/ur5.urdf.xacro
- pasteitto~/lab_workspace/src/lab_ur5_pkg/urdf and renamed it as UR51.urdf.xacro

Xacro is a standard and very practical utility included with ROS. The package allows to use
macros to construct XML files. With xacro, you can construct shorter and more readable XML
files by using macros that expand to larger XML expressions. This package is more useful when
working with large XML documents, such as the .urdf robot descriptions required for ROS.

FOR EXTRA INFO: http://wiki.ros.org/xacro

So now, instead of writing or copying by hand all the robot description we will include it in
the .urdf file with the use of xacro.

2) Change the name of your file from Ilab_ur5_joint_limited_robot.urdf to
lab_ur5_joint_limited_robot.urdf.xacro

3) It is required to include the common plugins for the robot simulation in gazebo, which is
achieved by:

16



Robot programming using ROS & Movelt

4) To include the actual robot in ROS, write the following lines right after the one you just
added:

(Note: We are using the “joint limited” version of the ur5 for the ROS simulation, for which the
path planer requires smaller times to find trajectories).

5) Then, a joint is required to connect the robot with the pillar:

17



Robot programming using ROS & Movelt

B — Creation of the launch file

Now we want to launch the simulator and to load the robot on it, in order to visualize the
setup designed in the previous steps. For this, we will use roslaunch, which is a default package
of ROS. It allows to start a complete set of ROS nodes and load parameters in the ROS
parameter server in a simple manner.

It includes options to automatically respawn processes that have already died. roslaunch takes
one or more XML configuration files (with the .launch extension) that specify the parameters

to set and nodes to launch, as well as the machines that they should be run on.

FOR MORE INFO: http://wiki.ros.org/roslaunch

1) Make a new folder in the lab_ur5_pkg named launch. Inside that folder make a new
empty file named lab_robot.launch, and write the following:

2) First, we write the default header and define some parameters that will be used

3) This is how an empty world simulation is launched, with gazebo showing the Graphic
User Interphase and a paused simulation.

4) Now we have to send the .urdf file to the parameter server, in order to be able to refer the
robot defined in the .urdf.xacro file.

5) Last but not least, we have to cast the robot to the simulation, at the specified point, with a
particular configuration for the joint wrist_1

18
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7) Now you can see your work by launching the simulation in ROS by writing in a new terminal:
roslaunch lab_ur5_pkg lab_robot.launch

Now you know how to visualize customized robot description files in a Gazebo simulation.

4O MO8 |*%Z @
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PART 2: MOVEIT

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. Through

Movelt! is the most widely used open-source software for manipulation and has been used on
over 65 robots.

FOR MORE INFO: https://moveit.ros.org

Now we will use Movelt! to generate, automatically, the required ROS configuration files by
the URS5 to perform movement. The files will be able to command, whether a real or simulated
robot, and the path planner that will generate the trajectories will be able to avoid obstacles
in the workspace.

A — Movelt Configuration

The Movelt! Setup Assistant is a friendly graphical user interface for configuring any robot for
use with Movelt! We will use it to generate the configuration files for the URS5.

1) open it by typing in a the same terminal:
roslaunch moveit_setup_assistant setup_assistant.launch

The following window appear:
® ® Movelt Setup Assistant

m Movelt Setup Assistant

Welcome to the Moveilt Setup Assistant! These tools will assist y
required to run Movelt is includes generating a Se
configuration file and OMPL planning configuration Fi
planner, planning contexts and the planning warehouse.

SMovdlt!

Choose mode:

It also involves creating launch files for move groups, OMPL

All settings f

velt are stored in a Moveit configuration
package. H ]
configurati ¢ 2. Note: 3
changes to a Movelt configuration stside this setup

any

assistant will likely be overwr

OO0 ;i seup
® ® ® assistant

Create New Movelt Edit Existing Movelt
Configuration Package Configuration Package
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2) Click the button: Create New Moivelt Configuration Package.
Then click the browse button and go to ~/lab_workspace/src/lab_ur5_pkg/urdf and select
the file lab_ur5_joint_limited_robot.urdf.xacro

Load a URDF or COLLADA Robot Model

Now click the Load Files button.

3) Select the Self-Collisions tab in the left side of the window, and then click on the
Regenerate Default Collision Matrix button.

This step detects the links that are one next to the other and deactivates the collision checking
between them. The Default Self-Collision Matrix Generator searches for pairs of links on the
robot that can safely be disabled from collision checking, decreasing motion planning
processing time. These pairs of links are disabled when they are always in collision, never in
collision, in collision in the robot’s default position or when the links are adjacent to each other
on the kinematic chain. Due to its initial position, the robot is inside the pillar. Movelt detect
it as “collision by default”. This a problem that can be fixed easily as follow:

At this step, unclick row 9 tick, so your window looks exactly like this:

Start Optimize Self-Collision Checking

Virtual Joints

Planning Groups

Robot Poses

End Effectors Link A LinkB Disabled Reason To Disable
Passive Joints
Author Information

Configuration Files

(<M< ME<ME<ME<ME<MR<MN<]

|

[ I N <<

4) Go to the Virtual Joints tab and select Add Virtual Joint. In order to create a virtual
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joint to connect the base of the robot with the world in the simulation, configure the following
options:

Virtual Joint Name: Virtual_Joint_1, Child Link: world, Parent Frame Name: base_link, Joint
Type: fixed

Virtual Joints

e B 3 tua ebween a robot link and an &

IMPORTANT: Make sure that the options are exactly as specified. Then click the Save button,
now the robot should spawn, and you should see this window:

5) Now select the Planning Groups tab, click the Add Group button and write/select
the following values. The Planning groups are used for semantically describing different parts
of your robot, such as defining what an arm is, or an end effector. The set of links for doing the

motion planning are being defined in this step.

Planning Groups

6) In the current view click in the Add Kin. Chain button, select for the Base Link:
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base_link and for the Tip Link: tool0
Now click save, your window should look exactly like this:

Planning Groups
Create and edit planning groups for your robot based on joint collections, link collections, kinematic chains
and subgroups

Edit 'Manipulator' Kinematic Chain

Rabob Link
world
base footprint link
= pillar

7) We can continue to the next tab, Robot Poses. The Setup Assistant allows you to add
certain fixed poses into the configuration. This helps if, for example, you want to define a
certain position of the robot as a Home/Start position.

For this tutorial we need to define two poses. Click the Add Pose button, and use the sliders
and text boxes to create a pose named Start with the following values, the joint values are
expressed in radians:

Robot Poses
Create poses for the rol
useful for things like fol

. Poses are defined as sets of joint values For particular planning groups. This is

Pose Mame
Stark shoulder_pan_joint

— 0.0000
Planning Group:

Manipulater shoulder_lift_jeint

—— 0.0000
elbow_joint
— 0.0000
wrist_1_joint
415
wrist_2_joint
0.0000
wrist_3_joint
0.0000

Now create a new pose named Middle, with these values:
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Robot Poses

Later, these preconfigured poses will prove handy when we use the path planner in the
simulation, as you will see.

8) Go to the Author Information tab in the left panel and fill in the information. You can fill it
with fake information but it has as to be filled.

stan

Author Information

9) Now, without closing the Movelt window, go to ~/lab_workspace/src/ and create a
folder named lab_ur5_joint_limited_moveit_config

10) Go back to the Movelt window and go to the Configuration Files tab in the left
panel and click the Browse button to select the folder you just. Click on open.
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® Open Package Directory

) [ ] L src

lab_urs_joint_limited_moveit_config sibado
T ’
L]

OIDG!II.II.,"@Q

11) Now click the Generate Package button and ok in the pop-up window
(only the gripper/tool should missed). When the 100% is reached the complete set of
configuration files has been created.

® ® Movelk Setup Assistant

Start Generate Configuration Files
Create or update the configuration files package needed to run your robot with Movelt. Uncheck files to
Self-Colisions disable them From being generated - this is useful if you have made custom changes to them. Files in
orange have been automatically detected as changed.

Vinual Joints Configuration Package Save Path
Specify the desired directory for the M
Planning Groups existing configuration package directol

Overwriting an
oveit_config

onfiguration package to be general
table. Example: /u/robat/fos/pr2

3_moveit_config Browse

home/mauricio/lab_workspace/src/w
Robot Poses

Files to be generated: (checked)

CMakeLists.txt

config/

config/urs.srdf

config/ompl_planning.yaml
config/kinematics.yaml
config/fake_controllers.yaml
launch/
launch/move_group.launch
launch/planning_context.launch
launch/moveit_rviz.launch

Passive Joints

Author Information

launch/default_warehouse_db.launch
launch/run_benchmark_ompl.launch
launch/sensor_manager.launch.xml
launch/ur5_moveit_controller_manager.launch.xml
launch/ur5_moveit_sensor_manager.launch.xml

100% Generate Package

C ion package Exit Setup Assistant

12) Now you know how to create the configuration files required to move a robot using
ROS using customized robot. If all went well you can launch a basic test demo of Moveit with
your custom robot, write in a terminal:

roslaunch lab_ur5_joint_limited_moveit_config demo.launch

You should see this now in your computer:
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o
¥ Global Status: Ok
* Grid

3 Motion Planning
#h, Robotstate
v Status: Ok

(I

oMPL

13) rviz (ROS visualization) is a 3D visualizer for displaying sensor data and state
information from ROS. Using rviz, you can visualize the UR5 current configuration on a virtual
model of the robot. You can also display live representations of sensor values coming over ROS
Topics including camera data, infrared distance measurements, sonar data, and more.

FOR MORE INFO: http://wiki.ros.org/rviz

However, you still have to connect your moveit configuration files with wether a real or
simulated robot. Next, you will learn how to connect these files to do path planning and to use
those trajectories for commanding your gazebo simulated robot.
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B — Connection of the files with the real/simulated robot

The created package can provide the required ROS services and actions to generate and
execute trajectories. This is achieved in the following way:

The objective of creating a Movelt! configuration package is to control a real (or simulated
robot). In the case of the simulated robot you have to include the controller of the robot in the
simulation. In this way ROS, through the use of the created Movelt! configuration package, can
send information to move the simulated robot.

1) To include the controller in the gazebo simulated robot add the following lines at the
end of your lab_robot.launch file (found in ~/lab_workspace/src/lab_ur5_pkg/urdf) :

file="%(find ur ga launch/controller utils.launch"/>

$(find ur_ga trol arm_controller_ur5.yaml" command

2) Now, to make the connection between your packages and the simulated robot you
need to create some files. The first one specifies how the joints are going to be controlled. For
this you need to know the name of the joint trajectory controller and the name space of the
Action Server. Also, you need to know the names of the robot joints.

(Action server: In any large ROS based system, there are cases when someone would like to
send a request to a node to perform some task, and also receive a reply to the request. This
can currently be achieved via ROS services. In this case, the joint controller action server is in
charge of receiving the movement messages from our Movelt! configuration package and
providing them to the simulated robot controller)

(Name space: A namespace is a ROS encapsulation technique, that allows to gather together
a series of ROS items. In this way you could have, for example, two same UR5 robots in a
simulation, sharing or not the information between them. In practice, you just write a prefix
in most of your files, so instead of having something like: /arm_controller/command you could
have, for the two robots, something similar to: /robot_1/arm_controller/command and
/robot_2/arm_controller/command

However, a complete explanation about ROS namespaces is out of the scope of this tutorial. If
you are interested, you can refer to: http://wiki.ros.org/Names)

To get the name of the joint trajectory controller and the name space of the Action Server you
have to launch in a terminal:
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roslaunch lab_ur5_pkg lab_robot.launch

and click play, then in a new terminal check the topics currently active with the following
command:

rostopic list

The names are found in the marked areas:

® ® mavuricio@Alienware-17-R2: ~

23] ma Alienware-17-R2: - 80x24

You recognize the name space of the Action Server from the cancel, feedback, goal, result and
status end of lines.

To get the names of the joints you can review the UR51.urdf.xacro file.
2) Next, create a controllers.yaml file in the folder

lab_ur5_joint_limited_moveit_config/config. Write in it the following code adapted to the
names you found earlier:

3) Now, it is required to specify the names of the joints of the robot. You do this by
creating the file joint_names.yaml in the same directory
(lab_ur5_joint_limited_moveit_config/config) and writing the following:

4) To load the controller (specified in controllers.yaml) in the ROS parameter server you
have to use the MoveltSimpleControllerManager plugin (which connects Movelt with the
simulation). This allows to send the calculated plans from Movelt to the simulated (or real)
robot. The controller manager can be accessed by modifying the file named:
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ur5_moveit_controller_manager.launch.xml
which can be found in the launch folder of the Movelt configuration package
lab_ur5_joint_limited_moveit_config. Add the following lines to this file:

5) The last step is to create a launch file which will start the Movelt environment. Inside
the launch folder of the Movelt configuration package:
~/lab_workspace/lab_ur5_joint_limited_moveit_config/launch
create a launch file named demo_planning_execution.launch and write in it the following
code:

At this step we are launching the controller, and other launch files required by Movelt, such
as: the planning context, the move group and the Movelt Rviz. This last .launch file were
created by default when we created the Movelt configuration package for our robot.

6) Often there is a common problem with Movelt configuration packages, in which the
path planner is not able to find collision free trajectories in the presence of obstacles. This is
due to the density that the (selected) planner uses to confirm that the path is collision free.

So, in the «config folder of the Movelt! package we created
(~/lab_workspace/lab_ur5_joint_limited_moveit_config/config) open the file
ompl_planning.yaml and change the value (at the very end of the file) of the variable
longest_valid_segment_fraction from 0.05 to 0.02. Here you have an image of the file.
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(A brief explanation of this variable is the following: The longest_valid_segment_fraction
defines the discretization of robot motions used for collision checking and greatly affects the
performance and reliability of OMPL-based solutions. A motion in this context can be thought
of as an edge between two nodes in a graph, where nodes are waypoints along a trajectory.
The default motion collision checker in OMPL simply discretizes the edge into a number of sub-
states to collision check. No continuous collision checking is currently available in
OMPL/Movelt! However, you can find the complete explanation of this variable in the Movelt
tutorial:http://docs.ros.org/kinetic/api/moveit tutorials/html/doc/ompl interface/ompl int
erface tutorial.html )

7) At this point you are ready to launch rviz with Movelt in order to plan a trajectory
and see how it is executed in the gazebo simulated robot.

First launch the Gazebo robot with:
roslaunch lab_ur5_pkg lab_robot.launch

Then launch the Movelt package (in an other terminal) with the Rviz visualizer with:
roslaunch lab_ur5_robot_joint_limited_moveit_config demo_planning_execution.launch

All should be paused now, so you have to go to the Gazebo window and click play.
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PART 3: Path Planning

It may be the case that with computer vision you detect an object you would like to
pick, so you can define a pick point for the robot, or maybe with a laser sensor you detect an
obstacle you would like to avoid. For such cases Rviz is not enough. Rviz is a great tool for
visualizing the state of the robot. However, the standard practice when using ROS to command
a robot is the use of code. In this way you can create a program that will move the robot in the
working space to the points you desire automatically. You can do this using the Move Group
Python Interface from Movelt!

FOR MORE INFO:
http://docs.ros.org/indigo/api/moveit_tutorials/html/doc/pr2 tutorials/planning/scripts/do
c/move group python interface tutorial.html

The interface provides functionality for most operations that a user may want to carry out,
specifically setting joint or pose goals, creating motion plans, moving the robot, adding objects
into the environment and attaching/detaching objects from the robot.

A - Obstacle avoidance

First, we will include a bookshelf in Rviz to try the path planning in a more realistic
scenario. For the sake of simplicity, we will only add the bookshelf in Rviz (and not in Gazebo).
However, in a real-world application the workspace is loaded in the Gazebo simulator by the
creation of a custom .world file, such file includes all the URDF’s of the robot environment
(tables, walls, floor shapes, etc). Then, you would have to use a package such gazebo2rviz
(http://wiki.ros.org/gazebo2rviz) to see your objects in Rviz. You could also add the bodies
with a python node, or you could just code the .scene file in Rviz yourself.

1) In this case we will follow the third approach. In your lab_ur5_pkg create a folder
called scenes. Inside the created folder make a new file named bookshelve.scene

2) The scene files stick to the following convention:

File Explanation
box_scene #box_scene -> scene name
* box1 #* box1 -> object name
1 #1 -> number of shapes
box #box -> type of shape (box, cylinder,
0.10.20.3 sphere)
1.01.01.0 #0.1 0.2 0.3 -> xyz size of shape
0001 #1.0 1.0 1.0 -> position of shape
0101 #0 0 0 1 -> orientation of shape
#0 1 0 1 -> RGBA color of shape
#. -> necessary final dot
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3) Now create bookshelve.scene file in the scenes folder with the following information.

elf right wall

4) Then, you have to add the bookshelve in Rviz, this is achieved by adding the following
lines at the end of your lab_robot.launch file.

5) To see the effects of the last steps, Launch the Gazebo simulated robot with:

roslaunch lab_ur5_pkg lab_robot.launch
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Then launch the Movelt package with the Rviz visualizer with:
roslaunch lab_ur5_robot_joint_limited_moveit_config demo_planning_execution.launch
and click play. You should see something very similar to the following image.

moveit.rviz* - RViz

e e T el 1Y

B3 Displays.
NG

bal Ontion
v Global status: ok

et Left-click: Rotate. Middle-Click: Move X/Y. Right-Click:: Move Z. Shift: More option:

B - Python code

Now we are ready to plan and execute a trajectory with python. First we will make a basic
setup to use in the following steps.

1) Create a package named lab_python_code_pkg in the lab_workspace/src folder.

2) Inside the created folder (lab_python_code_pkg/src) create the following files:
move_to_point.py

joint_goal.py

give_me_data.py

give_me_the_pose.py

3) In a terminal go to the lab_python_code_pkg/src directory and allow for the files to be
executable by typing in a terminal, once at a time:

chmod +x move_to_point.py
chmod +x joint_goal.py
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chmod +x give_me_data.py
chmod +x give_me_the_pose.py

NB : Do not forget to build the lab_workspace after this ( In a new terminal move to
lab_workspace and then write catkin_make ).

4) Now for the path planning and its execution you must add the following code in the file
move_to_point.py

move_to_point.py — ~/lab_workspace — Atom

planl = group.plan()

t=True)

The explanation of the code is the following:

Line 1-8: Import some common ROS modules, messages and the moveit_comander, that
allows to communicate with Movelt.

Line 10: Start the moveit_commander module.

Line 11: Starting the ROS node.

Line 13: Creation of a RobotCommander object to interface with the robot.

Line 14: Creation of a scene object to interface with the simulated world

Line 15: Creation of a group object to interface to the Manipulator group we created in the
Movelt configuration package, (remember?). By this we interact with the robot joints.

Line 16:Publisher that writes in the specified topic to see the planned motion in Movelt

Line 18-19: Specification of the maximum time allowed for the path and selection of the path
planner.

Line 21, 37-44: The goal is sent by the use of a pose object, which is the type of message that
will be send as objective.
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Line 59: We are telling the "Manipulator" group we created previously, to calculate the plan.
If the plan is successfully computed, it will be displayed through Movelt Rviz.

Line 61: We are telling the “Manipulator” group we created to execute the plan created.

Line 63: Pause the execution of the node for 5 seconds.

Line 65: Turr-off the moveit_comander

In order of appearance, the first position values are for placing the robot in the upper shelf,
the second position is for placing the robot in the center out of the shelf, and the last one
places the robot in a lower shelf.

5) Let us execute the created code. Launch the Gazebo simulated robot with:
roslaunch lab_ur5_pkg lab_robot.launch
Then launch the Movelt package with the Rviz visualizer with:
roslaunch lab_ur5_robot_joint_limited_moveit_config demo_planning_execution.launch
and click play.

In a new terminal type: rosrun lab_python_code_pkg move_to_point.py
You should see the robot go to a position similar to the “Middle” one we created previously.

6) You can comment the last pose and chose (only) one of the others, the robot should move
to the upper or lower shelf depending on your selection. Execute the code for going to the upper shelf.
Later, comment that first pose section and uncomment the last pose, then execute the code again,
now the robot should move to the lower shelf.

7) A simple way to define your custom poses would be to move the robot to wherever you
want and check that pose in the terminal. Later, you could use that information to write those poses
in your code. To do so, add the following code to the file give_me_the_pose.py

The code is much alike the one in the previous python file, the only difference in line 19-20 is that we
print something in the terminal and then we print the pose of the end effector.
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gime_me_the_pose.py — ~/lab_workspace — Atom

8) If you have the Rviz and Gazebo windows launched, you can check the pose of the
robot at any time by executing in a new terminal:

rosrun lab_python_code_pkg give_me_the_pose.py

9) You can also get some other relevant information by writing the following code in
the file give_me_data.py

give_me_data.py — ~flab_workspace — Atom
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10) You can launch this code as explained in point 5, if you have the Rviz and Gazebo
windows launched, write in a new terminal:

rosrun lab_python_code_pkg give_me_data.py
11) Also, instead of doing path planning, if for example you get joint values from some

external source you could just sent them to the robot with the following code. In the file
joint_goal.py write:

joint_goal.py — ~/lab_workspace — Atom

You should be familiar with this code by now, we get the current joint values and then we
assign a specific value to joint 0. Later, we send it to the robot. Be aware that if the robot is
obstructed when you sent this value the robot will not move. You can execute this code as
explained in the previous steps.

Note: If you want to check the format of a ROS geometry message, write in a new terminal the
following:

rosmsg show geometry_msgs/Pose
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Congratulations, now you know how to simulate a robot, create a Movelt configuration package, link
the package with a simulated robot, create obstacles in Rviz and plan and execute trajectories.
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Yumi: Modeling and programming

Im Rahmen der Robotix-Academy Summer
School 2018 in Liittich hat die Universitat
Lothringen einen Workshop fiir Studenten
angeboten zum Thema ,Yumi: Modellierung
und Programmierung “. Ziel des Workshops
war es, die Robotics Toolbox unter Matlab
zu entdecken. Die Robotics Toolbox (RT)
bietet viele niitzliche und wichtige Funk-
tionen in der Robotik (Kinematik, Dyna-
mik, Bahnplanung etc.) und ermdglicht es,
Versuchsergebnisse in der Handhabung mit
realen Robotern zu simulieren und zu ana-
lysieren.

Diese Robotics Toolbox RT wurde anschlie-
Rend fiir die geometrische und kinematische
Modellierung und Bahnplanung des kollabo-
rativen Roboters Yumi ,,irb 14.000"

von ABB verwendet.

Kontakt:

Universitat Lothringen

Meryem Taghbalout
e-mail:meryem.taghbalout@univ-lorraine.fr

Dans le cadre de I'Ecole d'été Robotix Aca-
demy 2018 a Liége, I'Université de Lorraine
a proposé aux étudiants un atelier sur »Yu-
mi : modélisation et programmation«. Le
but de I'atelier était de découvrir la Robotics
Toolbox sous Matlab. La Robotics Toolbox
(RT) fournit de nombreuses fonctions uti-
les et importantes en robotique (cinémati-
que, dynamique, planification de trajectoire,
etc.) et permet de simuler et d'analyser les
résultats d'expérience avec de vrais robots.

Cette Robotics Toolbox RT a été utilisée par
la suite pour la modélisation géométrique et
cinématique et la génération de trajectoires
du robot collaboratif Yumi »irb 14,000«
d'ABB.

Contact:

Univérsité de Lorraine

Meryem Taghbalout
e-mail:meryem.taghbalout@univ-lorraine.fr
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Tp: Yumi Modeling and Programming on Robotics Toolbox
for Matlab

The goal of this workshop is to discover the Robotics Toolbox, created by Peter Corke
(Queensland University of Technology, Australia),
www.petercorke.com/Robotics Toolbox.html, for the analysis of robots including the
kinematic modeling of the Yumi irb 14000 robot from ABB.

MATLAB is a powerful environment for linear algebra and graphical presentation,
available on a very wide range of computer platforms. The basic functionality can be
extended by application-specific toolboxes. The Robotics Toolbox provides many
useful functions that are required in robotics (kinematics, dynamics, and trajectory
generation...). The RT Toolbox is useful for simulating and analyzing the results of
experiments with real robots, and can be a powerful tool for education.

Install Robotics Toolbox

e Unzip Folder rvctools that you will find in the following link:
https://drive.google.com/open?id=1TDx1zTmGUPfeXIFpiV-4fLS3RdoGtezt

e Open Maltlab 2011 or newer versions

e Adjust your MATLAB PATH to include rvctools

e Execute the startup file vctools/startup_rvc.m

FILE NAVIGATE EDIT BREAKPOINTS RUN
< EA b G » Users » MeryemTAGH » Desktop  rctools b rvctools ¥
Curent Folder [OM . Editor - C:\Users\Mes GH\

Name | startup_rvem | + |

H\Deskt ctools\rvctools'

9 . common il= disp('Robotics, Vision & Control: (c) Peter Corke 1992-2011 http://www.peterco

5 robot 2-  tb = false:
5 simulink 3 -  rvcpath = fileparts( mfilename('fullpath') ):
"] exp.m 4
&
‘J exp2.m g|= robotpath = fullfile(rvcpath, 'zobet');
) startup_vem. 6 - if exist (robotpath,'dir')

2 - Admarnt L

Command Window

>> staztup_rvc

startup_rve.m (Script ~ Robotics, Vision & Control: (c) Peter Corke 1992-2011 http://www.petercorke.com
- Robotics Toolbox for Matlab (release 9.8)
Workspace ® ko

Name Value
oc| thpath ‘C:\Users\MeryemTA...
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e Run the rtbdemo demo and discover the main features of the toolbox

HOME PLOTS EDITOR BEHLEL
I::_:] = H Lq] Find Files 2 o Inimg;}ﬁt - EE‘ D L@ (] P Secion é)>

_| Compare = GoTo v Comment 9
New Open Save L o A % Breakpoints  Run  Run and HL Advance Run and
- v v Pt v | Find ¥ indent || &z - ~  Advance Time

B T = T RN e

| ERA » C ¥ Users » MeryemTAGH » Desktop » rctools b rictools b & MENU _ x|
Current Folder [OMl F Editor - C:\Users\MeryemTAGH\Desktop\rvctoolsirvctoolshstartu|

Robot Toolbox demonstrations
Name = Command Window
@ Ly common 5> rtbdemo GeneralRotations Mobile/SLAM
® robot
® simulink
i Wany of Thes: demos Print tutorial text and| | GeneralTransformations Wobile/Particle fitter
ﬂzx:ém Read the text and press <enter> to MOVE on
GeneralTrajector Exit
ﬂs[artupirv:‘m At the end of the tutorial/demo you can cho ajectory
fx Arm/Robots
ArmiAnimation
Details A~ N
nematics
Workspace ®
1 Armfinverse kinematics

after the installation of the toolbox, we can start modeling.

Exercises:

Introduction: Representing positions in 2 Dim

Tl=se2(1,2,60%pi/180); 61 Y. % 4
T2=se2(2,3,0%pi/180); s
T3=T1*T2; {3
T4=T2*T1; 5r }
figure(l)
trplot2 (T1, "frame','l','c
. _ ) 4+ Y,
axis ([-3 4 0 €]):
hold on
trplot2 (T2, 'frame','2', 'colox', 'b')
hold on =39y 1 %
trplot2 (T3, 'frame’,'3', 'colox’, 'g') Yy
nold on e
trplot2 (T4, "frame','4', 'colox', 'k') 2r }
grid on
1+
) L L L L L L )
-3 -2 -1 0 1 2 3 4
X

The first line creates a translation transformation [1, 2] and plane rotation of 60 °. After
we multiplied the different matrices of transformation and we illustrate this in the
figure beside with the function trplot2 which draws a 2D coordinate frame represented
by the homogeneous transform T (3x3).

The arguments of the se2 object and other function can be found from >>help
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Command Window

ﬁg >>» help szel

Exercise 1: Creating a new robot definition

In order to understand the use of RT basics, Let’s take a simple example like the two-
link planar manipulator which has the following Denavit-Hartenberg link parameters.

Io

Link | ai (rad) | dimm) | @igmm) | Bifraq)

1 o 0 a 0,
2 O O az 92

The Link toolbox class (with a capitalized L) is used to represent the segment of a simple
open kinematic chain with the four parameters of Denavit-Hartenberg.

Command Window

>> help Link
Link Robkot manipulator Link class

A Link obkject holds all information related to a robot link such as
kinematics parameters, rigid-kbody inertial parameters, motor and
transmission parameters.

Methods::

3 link transform matrix

RP joint type: 'R' or 'P'

friction friction force

nofriction Link ckject with friction parameters set to zero
dyn display link dynamic parameters

islimit test if joint exceeds soft limit

isrevolute test if joint is rewvolute

isprismatic test if joint is prismatic

display print the link parameters in human readable form
char convert to string

Properties (read/write)::

theta kinematic: joint angle
d kinematic: link offsert
a kinematic: link length

alpha kinematic: link twist
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To define the robot via the Serial-link robot class with al = 0.6m and a2 = 0.8. You can
follow the program below:

o o

L{l)= Link ( [O a al aly»
L{2)= Link ( [0 O a2 01):
Rok = Seriallink (L);

Rob.name = 'Robot 2ddl';

And to specify the different information that is returned, you just have to call the robot
with its name.

>> Rob
Rob =

Robot 2ddl (2 axis, RR, stdDH)

o o o —— o —— -
| 31 theta | d | a | alpha |
e o o o +
| all al 0.8] al
I 21 a2 | al g1 al
o o o —— o —— -

grav = 0 kase=1 0 0 O tool = 1 0O 0 0

o] g 1 0o 0 o 1 0o 0

9.81 g 0o 1 0 o o0 1 0

o o 0 1 o 0o 0 1

To calculate the forward kinematics of the robot we use the function "fkine" of the
class Serial-link.

We take [q1, q2] T = [t/ 4, -t / 4] T and we visualize this robot position in 3D
representation with the function plot in the same class Serial-link, see the Matlab
program below.
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»» gl = pi/f4 ; g2 = -pi/f4 ;
T= Rob.fkine([ gl ,g2 ])
figure (1)

Robk.plot ([ gl ,d2 1)
title ('Rokot 2ddl en position [0 0]")

T =
1.0000 0.0000 0 1.2243
0.0000 1.0000 0 0.4243
0 0 1.0000 0
0 0 0 1.0000
Robot 2ddl en position [pi/4 -pi/4]
14
0.5 4
N 0 ~
Robot 2ddI
-0.5 4
-1 4

@ The arguments to any function can be found from >> help.
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Exercise 2: Creating Yumi Model
Denavit Hartenberg parameters of a single arm of YUMI

The Manipulator serial-link robots comprising a set of bodies, called links, in a chain,
connected by joints. Each joint has one degree of freedom, either translational or
rotational. For a manipulator with n joints numbered from 1 to n, there are n 1 links,
numbered from 0 to n. Link O is the base of the manipulator, generally fixed, and link n
carries the end-effector. Joint i connects links i and i-1.

To facilitate describing the location of each link we affix a coordinate frame to it.
Denavit and Hartenberg proposed a matrix method of systematically assigning
coordinate systems to each link of an articulated chain. The link and joint parameters
may be summarized as:

e a;is distance from zi-1 to zi measured along xi | ai

e q;iisangle from zi-1 to zi measured about xi ) 0. ’—l—
e diis distance from xi-1 to xi measured along zi-1 Xi < 7

, di
e B is angle from xi-1 to xi measured about zi-1 /} } :

Zi /
/ Xi-1

Zi-1

In this convention, each homogeneous transformation is represented as:

cosfl, —sinf, cosa, sin #, sin o, T, cos
sinfl, cosbH,cosa, —cosl,sina, | r,sinf,
0 sin o, COS Yy, d,
0 0 0 1

The ABB YuMi is a two-arm collaborative robot that can be used for assembly
operations. We consider the different parameters of Denavit-Hartenberg, defined in
the table below to model a single arm of the robot.
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Link Qi (rad) di (mm) ai (mm) 6 (rae)
1 -m/2 0 166 q1
2 /2 0 0 p)
3 -n/2 0 251.5 qs
4 n/2 0 0 qs
5 -1/2 0 265 qs
6 /2 0 0 de
7 0 0 36 q7

Yumi's Single Arm Creation program is as follows:

g 1=[0 0 0 O*-pif2 0 0 0 ];
g r=[0 0 0 O*pif2 0 0 0 ];

3DH parameter

1]

dl=0.166;d2=0;d3=0.2515;d4=0;d5=0.265;de=0;d7=0.036;
r1=0;x2=0;r3=0;r4=0;x5=0;r6=0;xr7=0;

Alphal =-pi/2;AlphaZ =pi/2; Alpha3 =-pi/2; RAlphad =pi/2;
Alphas =-pi/2; Alpha€ =pi/2; AlphaT =0;

=[Alphal Alpha2 Alphald Alpha4d4 Alphal Alpha6 AlphaT];
d=[dl;d2;d3;d4;d5;d6;d4d7]:
r=[rl;r2;r3;r4;xr5;r6;xr7];
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ARM YUMI

L{l)=Link ([0 d{l) r(l) Zlpha 1)
L{2)=Link ([0 d{2) (2] &I 1)
L{3)=Link ([0 d(3) r(3) &I 1)
L{4)=Link ([0 d(4) r(4) 23 1) 06
L{5)=Link ([0 d(5) r(5) 1) 0a
L{6)=Link ([0 (&) T(6) 1)
L(7)=Link ([0 4(7) =(7) 1): 0.24

N 04

-0.2

frobot 04
arm= Seriallink(L, 'nam=', ‘"arm'}:
arm.base=T0; 06

figure (3)

axis([-1 1 -1 1 -0.5 2]):
arm.plot (g_1);

title ("ARM YUMI'):

In position [0 0 0 0 0 0] the robot is not stretched we can add offsets on the robot with
the option >> robot. offset
You can add these two lines in program to have the figure ..

offset=[0 0 0 pi/2 0 0 0]:
arm.,offset=cffsetc;

ARM YUMI
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Definition of the base of the arm relative to the base of the robot:

The two arms of the robot are the same with a different basic transformation matrix

<+ 0.075m
{
TP Yo
0.085m: ‘. I~ . Y
\jgo £ ‘z(l
Xw
‘ m 0.085m

World frame (W) and base frame (0) for the left arm shown for the robot base. We have simplified the problem and
eliminated the rotation about the Xy axis.

Based on the last figure, the basic transformation matrix that expresses the
transformation matrix of the effector position in the robot's basic matrix is as following:

WTEffector = WTO -OTEffector
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The following program allows us to add the basic information determined from last
figure. We see that there is a rotation along the z axis of 35 ° and another of 30 ° along
the y axis. For the datum point position, we have Pos = [0.085 0.075 0.347].

x0=0.085; y0=-0.075; z0=0.347;
T=rotz (35) *roty(30);
Pos=[x0; w0; z0]:
TO=[T Pos:
000 1]:;

frobot

arm= Seriallink(L, 'mame', 'arm');
axm. base=TOg

figure (3)

axis([-1 1 -1 1 -0.5 2]):

arm.plot (g_1):

title ("RAEM YUMI'):

ARM YUMI

The last program allows us to draw Yumi's two arms and to make simple movements

of the arms.

ROBOT YUMI

0.2 — arfhR arfpL

-0.2 —

0.4 —

-0.6 —

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

for i=0:0.1l:pi/f2
ql=0;q2=0; g3=0;q4=0;g5=0;q6=0;qT7=0;

armiB.plot ([gl+i g2 g3 g4 g5 g g7])
armL.plot ([gl-1 g2 g3 g4 g5 g& g7])
end

-0.5

0.5

x0=0.085; y0=0.075; z0=0.347;
T_l=rotz(35)*roty(30)
Pos_1=[x0:y0; z0]
TO_1=[T_1 Pos_1;

000 1]

T_r=rotz(-35) *roty(30)
Pos_r=[x0;-y0; z0]
TO_r=[T_r Pos_x;

000 1]
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Tp : Yumi robot studio simple trajectory

Stepl: Creat a new station

A new station can be created in three ways:
® Solution with Empty station
e Solution with station and robot controller
e Empty station

We will use the second alternative.

el Envegistreriastation

Stations Solution avec station et systéme de commande de robot
[l Enregistrerlastation sous
- Nom da a soltion
o Solution avec station vide
@ ouwic Crée une structure de fichiers de solution contenant une station vide: Yomi
[ Fermerlastation Emplacement

C\Userstaghbaloutm'Desktop'prog D

Infos. Crée une solution contenant une station et un systéme de commande de

robot Les modéles de robot disponibles sont indiqués sur Ia droite. Systéme de commande

Récent Nem

Station vide
£FB e controller
Crée une station vide.
Nouveau
Emplacemert

C:\Users\taghbaloutm\Desktop\prog\Yumi\Systems.

‘ 7y Solution avec station et systeme de commande de robot
g

Imprimer -
Fichiers RobotWare
Partager — (6030000 -]
4| Fichier de module RAPID

EC B Crie un fckier de module RAPID et fouvre dans Féditeur @ Créer nouveau

n ligne

9 Modéle de robot
Aide &SR] Fichier de configuration du systéme de commande [1Re 14000 0.5kg 05m =)
AHE|  Crée un fichier de configuration autonome et fouvre dans I'éditeur. [E Persornalser e options
|t options -
() Créer 3 partir dune sauvegarde

B3 Quitter

Step 2: Press create and wait until the robot appears

FEM| Accueil | Modélisation  Simulation  Systéme de commande  RAPID  Adddns Modifier
& Bibliothéques ABB - & Importer géométrie ~ & Trajectoire ~ [ Instructiond'apprentissage | Tache T_ROB_L{controller ~ (=] Tona 1 @ o
s Importerbibliothéque - Ts Repére ~ [ Autre - J®) Voirrobot a la position Repére objet  wobj0 - <
Position Synchronisation Outils
75 Systéme de commande - ~ " [5] Apprendre la position 52 MultiMove outil to0l0 s Z QPR | aoniques |
Constructionde la station | Programmation des trajectoires 5 Paramétres | systéme de comm.. Main levée | '
[ [ Batises| = x| Atficners x |
X
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Step 3: Press CTRL +SHIFT+The left mouse button while dragging the mouse to rotate
the station, press CTRL + The left mouse button to pan the station.

Step 4: Add the ABB smart gripper to the right arm of robot

P

d S="0o)
Arues | Mctewsten  emaston  fytime e commanse  BAPD  Aodm
@Rt M- (3 Importer phomde - & e - ) o 7808 Lscrorsses =) S @ Eew
Imponr btirane st tepby - Aatre - Verrotethpotten  Resteotye | wond ame
= L poean 3 ® Smramaion . om
) P — ) - Asgrensre s porton 2 Mumlse o ) - . TRPRDR S (s
» e Zontome 3¢ coom U e Cmngon
e » e

. Canyre
P T T Sl See ¢omramerts
- DA KR Snsrd e $iramarts
XOOLOSAne e DOV KM Gorant
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S g g - —

Wecanionce e CelE@Ess K=Y BORNANYOLR /AOMS
b Y IRB14000_0.5.05.L pa
b o IRB14000_0505R

g | Enregistrer comme bibliothéque
G Déconnecter bibliothéque

Annuler examiner

Définir comme UCS
Position

Modifier mécanisme
Supprimer Géométrie CAD
Détectable par les capteus
Applique 'attache de plan
Pilotage manuel d'axe
Pilotage linéaire
Configuratiors

Aller en position de synchronisation

Afficher I'enveloppe de travail

LXQEeIDYHHE sF%% %28

Attacher & IRB14000_05_05_LT_ROB_L

pecm

Balises

Supprimer Suppr

Renommer

dety -  Hewe  Catégorie
|| () controller (Station): 10011 - oteurs sous puissance 29/08/2018 161813 Joumal des évén

In the RAPID tab if you click the T_ROB_R you will find a created file called Calib Data where
informations on the robot tool are presented (servo and camera).

Définir comme active
[ visiple
= 1B Synchroniser avec RAPID...
& | synchec Nom
5P| Pilotag 4 & ;ﬂnﬁr
P . T_ROB_L
{3 Repére objet
Supprir L Trajectoires & Postions
Déplacs b g4 T_ROB_R
Copier
&P | Balises :
M | Coller otection
% | Supprimer Suppr (Station): 10015 - Mode manuel sélectionné

Treombler (Station): 10016 - Mode automatique demandé
(i) controller (Statien): 10017 - Mode automatique confirmé
(i) controller (Station): 10010 - Moteurs hors puissance [2]
(i) controller : démarage de la synchronisation vers le systéme de commande.
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Step 5: Repeat step 4 for the robot's left arm.

Step 6: Creating a RAPID program to make a simple trajectory to one of the arms.

There are a number of move instructions in RAPID. The most common are Movel, Movel ,MoveAbs;j
and MoveC.

9 W O Vumi = ABB RobotStudio 6,03 (64 bits) T

m Accueil Madélisation Simulation Systéme de commande RAPID Add-ins

Systéme de commande | Fichiers 5 x|| Affichert x |

Station actuelle
Ll E] controller H
[J HoME
ifi Configuration
{=] Joumal des événements
T Systéme d'E/S
4 [ RAPID
ST _ROB_L

]
Synchroniser avec RAPID..

Synchroniser vers la station..

Charger programme.. Créer un module: T_ROB.

Enregistrer programme sous.

Nom du module main|
Renommer le programme.

Supprimer programme Type de module Module et attributs

Mouveau module... @ Programme [] NOSTEPIN

©) Systeme [] READONLY
[£] VIEWONLY
[Z] NOVIEW

O X 5 e D

Charger modul
O e paur créer un nouveau module RAPID. }

Aller

de programme

Aller au pginteur de mouvemer

‘ v | Suivre le pointeur de programme

17 | Réale les robtaraets.

Movel is used to move the robot quickly from one point to another when that movement does not
have to be in a straight line. Use Movel to move the robot to a point in the air close to where the
robot will work.

Movel instruction does not work if, for example, the robot base is between the current position and
the programmed position, or if the tool reorientation is too large.

MoveC is used to move the robot circularly in an arc, MoveAbslJ is used to move the robot and
external axes to an absolute position defined in axes positions.

4 You can directly put the RAPID program as shown in the following step and after each
modification it is necessary to press on "apply".

Example:
MODULE MainModule
! points
CONST jointtarget Pose_init:=[[0,-130,30,0,40,0],[135,9E9,9E9,9E9,9E9,9E9]];

CONST jointtarget Pose0:=[[0,0,-90,0,0,0],[0,9E9,9E9,9E9,9E9,9E9]];
CONST jointtarget Posetest:=[[-8,-11,-44,-69,89,56],[52,9E9,9E9,9E9,9E9,9E9]];
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CONST jointtarget Posetest2:=[[4,10,-74,43,10,-43],[-4,9E9,9E9,9E9,9E9,9E9]];

PROC main()

MoveAbsJ Pose_init,v100,fine,tool0;
MoveAbsJ Pose0,v100,fine,tool0;
MoveAbsJ Posetest2,v100,fine,tool0;
MoveAbsJ Posetest,v300,fine,tool0;

ENDPROC
ENDMODULE
Demar —a ale - ME F It [j
j Libérer I'a A & Passerenligne X A, 5 .
> G I= = Insérer Trouver / ppliquer Regle les Taches Dém
| Synchronisation - B E- S - A Remplacer = 3 ~ robtargets | sélectionnées -
Accés Modifier [} Chercher Systéme de commande
itéme de commande | Fichiers | ¥ x || aficherl | controller (Station) x |
itation actuelle T_ROB_L/MainModule® X
EJ controller 1 MODULE MainModule
[ HoME 2
§ Corfiguration 3 ! points
=] Jeuml des événements 5 [ CONST jointtarget Pose_init:=[[®,-13@,30,0,40,0],[135,9E9,9E9,0E0,0E9,0E0]];
& Systéme dE/S 6 CONST jointtarget Pose@:=[[@,0,-9@,8,8,8],[@,0E9,9E9,9E9,9E9,9E9] ];
4 JRAPID 7 CONST jointtarget Posetest:=[[-8,-11,-44,-69,89,56],[52,9E9,9E9,9E9,9E9,9E9]];
4 ¥ T_ROB_L & | CONST jointtarget Posetest2:=[[4,18,-74,43,10,-43],[-4,9E9,9E9,9E9,9E9,9E9]];
Modules programme 9
] CalibData e )
i MainMadule f_’, 7 PROC main()
) Moduie1 13
14 MoveAbs] Pose_init,v100,fine,tool®;
15 Movehbs] Pose®d,v1ee,fine,toold;
16 MoveAbs] Posetest2,v100,fine,tool®;
WA T_ROB_R 17 MoveAbs] Posetest,v30@,fine,toold;
18
19
26 | ENDPROC
21 ENDMODULE |

In the created module of the left arm, copy the example and start the simulation to see the robot

movement.

< You can also create a RAPID program from the instructions of Home
1. Move the robot arm with the following instructions

[

é Global - @

Synchronisation Qutils
hi’g {E % G% "Qv graphiques

ystéme de comm... | Main levee
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2. Click Teach the instruction

u‘g Trajectoire ~ g Instructiond'apprentissage = Tache T_ROB_R(controller; ~

E Voirrobot 3 la position Repére objet | wobj0o - <
@ Apprendre la position Y5 MultiMove Outil Camera -
Qﬂmoiﬁ =] Earamétres Syst

i

Now click the Target, select Rename and rename the position and do it again for different
positions of your choices.

#2 T_ROB_R
» (G Repére outil
4 Repéres objet & positions
4 & wobj0
4 T wobjD_of
(®) Target_10
Trajectoires
@2 T_ROB_L
> [i Repére outil
4 Repéres objet & positions

3. Adding the targets to a path
e On the Home tab click Empty Path from drop-down menu, Path_10 is now created
and displayed in the Paths&Target browser. You can rename it as you did for the
target.
e Select the positions you have created and add them to the trajectory as shown
below.
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4 T wobj0
4 Tg wobi0_of
(® posel
® pose2
@ pose Enligne
4 A Trajectoires - X _
5] Traiectory| o5 | AJoutersia nouselle trajectoire
+° Ajoutera la trajectaire » Trajectory b <Premier> | I
% Copierdans repére objet » <Dernier>
% Déplacerdans repére objet »
23 Copler Ctri=C
By | Coplerorie
| Applic
Afficher »
U | Définir
| Voiroutilla position »
}}) Voir robot 4 la position
W | sauters laposition
W =
8¢ | vérification

e After creating the Path it only remains to synchronize it with RAPID program

Ij Eléments de station m
a 3 controller
" 2 T_ROB_R
4 42 T_ROB_L
© [§2 Repére outil
4 Repéres objet & positions
4 T wobj0
a k wobj0_of
@ posel
@ pose2
@ pose3

4 Trajectoires

Definir comme actif

Synchroniser avec RAPID..

Définirent; i = i i
Pour synchroniser dans la station avec le code RAPID.
Insérerinstr T

Insérer instruction RAPID

Insérer un appel de procédure »

#  Couper Ctri+X

e Now you find your program directly in RAPID

m Accueil Modélisation Simulation Systéme de commande RAFID Add-ins

ale - A G

&) Passerenligne

#” Demander I'acc =

@& Libérer I'accés en écriture

P = Insérer Trouver / Applic
Byl Synchronisation - # Ga @ E- - - trajectony - Remplacer =
Accés | Modifier F| | Chercher | sys
de Fichiers | = x||[ afichers | ion) X
Station actuelle J T_ROB_L/Mai | T_ROB_L/ * |
« B controller 1 MODULE Modulel
[ HOME 2 A CONST robtarget posel:=[[1@.457883189,48@.12325
, ﬁ Configuration 3 CONST robtarget pose2 [12.45815@732,48@.12352
= .. 4 CONST robtarget pose3:=[[1@.458446236,410.21989
=] Joumal des événements -
4 Systeme d'E/S s = ctory ()
4 [ RAPID 7 »U1200,2108,Camera\Wobj :=wobja;
a ﬁﬂ T_ROB_L 8 Movel pose2,v1eee,zlee,Camera‘\Wobj:=wobje;
Modules programme 9 Mowvel pose3,v1eee,z100,Camera\Wobj:=wobje;
@ CalibData ie ENDPROC
11 ENDMODULE

L @ MainModule
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Computer vision for robotics

Der Umwelt-Campus Birkenfeld der Hoch-
schule Trier bot in Littich einen Workshop
an mit dem Titel ,,Computer Vision for Ro-
botics”. Ziel dieses Workshops war es, an
einem Beispiel die Einsatzmdglichkeiten von
Bildverarbeitung in der Robotik kennen zu
lernen. Hierzu wurde ein UR3 Roboter ver-
wendet, welcher mit einem Kamerasystem
und Servogreifer ausgestattet ist. Uber ei-
ne in der Steuerung des UR3 Roboters in-
tegrierte Bildverarbeitungssoftware mussten
die Teilnehmer eine Pick-and-Place Aufgabe
realisieren. Des Weiteren wurde die Bildver-
arbeitungssoftware HALCON vorgestellt. In
der dazugehorigen Ubung lernten die Teil-
nehmer verschiedene Funktionalitdten der
Software kennen.

Kontakt:

Umwelt-Campus Birkenfeld
Sebastian Grol}

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

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

Le Campus environnemental de Birkenfeld
a proposé a Liége un atelier intitulé «Vision
par ordinateur pour la robotique». Le but
de cet atelier était de découvrir les appli-
cations possibles du traitement d'images en
robotique a l'aide d'exemples. D'une part,
un robot Universal Robots UR3 a été uti-
lisé, équipé d'un systéme de caméra et d'une
pince servo. Les participants devaient réali-
ser une tache de prise de vue a l'aide d'un
logiciel de traitement d'images intégré a la
commande du robot UR3. D’autre part, le
logiciel de traitement d'images HALCON a
été présenté. Dans cet exercice, les partici-
pants ont appris a connaitre les différentes
fonctionnalités du logiciel.

Contact:

Umwelt-Campus Birkenfeld
Sebastian Grol§

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

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

Computer Vision for Robotics

1HHILCTTICYy

Grande Région | GroBréRalon
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1 Getting Started

To install Halcon, just double click the Halcon Installer and follow the installation instructions. If
you are asked for a license file, just point to the file that is given to you with the installer.

The getting Started guide is a shrunk version of the original guide by MV Tec and the covered ex-

amples are delivered with the software library. If you are interested in the field, please feel encour-

aged to experiment with the software and especially the examples a bit after the summer school.

The license given to you is valid during September 2018.

In the following, it is assumed that HALCON has already been installed. Under Windows, HDevel-
op is usually started from the “Apps” screen or from the “Start” menu:

Start — Programs — MVTec HALCON — HDevelop

You can also start HDevelop from the Windows Command Prompt or from the start » Run.. menu,
making it easy to pass optional command line switches:

hdevelop
Start Dialog

Welcome to HDevelop .-

HALCON

Open Programs Getting Started Learn More

ﬁ New Take the Tour L_\% Programming Tutorial

Learn how to use HDevelop

@ Ofn: ?rt?gr -~ u !]o(flﬂnentat

.| Browse Examples Quick Guide to
= e programs B ALCO

Recent Programs Tip of the day

Code Export
. You can export your HDevelop

Show this dialog next time

n @ @

Figure 1.1: Start dialog.

The start dialog provides quick access to HDevelop programs (1), introductory material (2), and
documentation (3). For the first introduction to HDevelop, try the links listed under “Getting Start-
ed”. To close the start dialog without any further action, press Esc. If you have accidentally closed
the start dialog, it can be re-opened from HDevelop's Help menu.
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Graphics Window: 200000 - 0 Operator Window - 0
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@

Ok Enter Apply Cancel Help
Variable Window - main () -Main Thread: 640 - Program Window - main () - Main Thread: 640 - o=
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=+

Control Variables

\_All /\ Auto /\ User /\ Global /
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Figure 1.2: User interface: (1) graphics window, (2) operator window, (3) program window, (4)
variable window, (5) menu, (6) toolbar, (7) status bar.

User Interface

When HDevelop is started for the first time, it looks similar to figure 1.2. The main window offers a
menu (5) and a toolbar (6) for quick access to frequently used functions. The status bar (7) at the
bottom of the window displays messages and image properties. In addition, the following windows
are available by default:

Graphics window

This window displays iconic data: images, regions, and XLDs. It provides its own toolbar to quick-
ly zoom and pan the displayed image, and a context menu to adapt the visualization settings. HDe-
velop supports an arbitrary number of graphics windows.

Operator window

You can select HALCON operators (and HDevelop procedures) in this window. The parameters of
the selected operator can be specified, and the operator can be executed, entered in the current
program, or both. You can also get online help for the selected operator from this window.

Program window

This window displays the current program. It provides syntax highlighting with user-definable
colors. The left column displays the program line numbers. The small black triangle is the insert
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cursor, which is where new program lines will be added. In the following, it is referred to as IC. The
green arrow is the program counter, which marks the next line to be executed. In the following, the
program counter is referred to as PC. You can also add or remove breakpoints in the current pro-
gram in this column. These will halt the program execution at user-defined places so that intermedi-
ate results may be examined.

When adding new lines or modifying existing lines, advanced autocompletion features help to speed
up typing and to keep the program consistent. Program lines can also be modified by double-
clicking them and editing them in the operator window.

. Variable window

Program variables can be watched in this window. It displays all variables of the current procedure
and their current values. Iconic variables are displayed as thumbnails, whereas control variables are
displayed as text. The layout of this window can be switched between horizontal and vertical split-
ting by double-clicking the separator. You can double-click iconic variables to display them in the
active graphics window. Double-clicking control variables open an inspection window with a nicely
formatted list of the current values and statistical data.

63



Computer vision for robotics

2 Running Example Programs

HALCON comes with a large number of HDevelop example programs from a variety of application
areas. These range from simple programs that demonstrate a single aspect of HALCON or HDevel-
op to complete machine vision solutions. As an introduction to HDevelop, we recommend trying
some of these programs to quickly get accustomed to the way HDevelop works.

The example program “Explore the Power of HALCON” demonstrates many different capabilities
of HALCON in one program. It can be started from the start dialog, see figure 1.1 (2). Running this
program is highly recommended to get a good overview of the many application areas of
HALCON.

“Explore the Power of HALCON?” starts up automatically when loaded from the start dialog. After
loading it manually or loading one of the other example programs click Run (1) or press [Fs| to start
it.

(U}

@) HDevelop - C:/Users/Public/Documents/MVTec/HALCON-13.0/examples/hdevelop/explore_halcon.hdev - o X
Fle Edt Execute Visualization Procedures Operators Suggestions Assistants Window Help

AT DR UERSCEE @ PP Ren PD @O Rk Blif

Q fiun) Graphics Window: 200001 - Ok =
B ANQR - Bl - B - &- N A S LR - LT R - I —
Current object: chianti_rufina ; H.‘LCON -

Identified as:
Error rate:

chianti_rufina a product of MVTec

ERR0000000000000000000000000000000000000
Object Identification

Using Sample Based

Identification

S ——

Ok Enter Apply Cancel Help

Program Window - main () -Main Thread: 640 = =

= = Hman(::2) Ml

~

When starting the application, the procedure do_check_for_model files
checks for the presence of these two model files. If any of these
files are missing by the time you run explore_halcon.hdev, the
respective procedure will be omitted.

lo_check_for_model_files (CookieModelexists, ClampstodelExists)
mCount := CookieModelExists + ClampsModelExists

To run this application i 1y, simply the while
while (1)

MainWindowHandle
StatusWindowHandle p_show_intro (MainWindowHandle)
NumCurrent =

p_initialize (StatusWindowHandle)
\iimCurrant = 0

BumiTatal >

\_al/\ Auto /\ User /\ Global /
% Running... Run continuously [0] Image (#=1: 986x653x3xbyte) & 0047 $roo

Figure 2.1: Explore the power of HALCON: Click (1) to run the program.

The example programs have been categorized by application area, industry, method, and operator
usage. A special category “New in version” groups examples by their appearance in specific
HALCON releases. Browsing these categories, you can quickly find example programs that cover
image processing problems that you may wish to solve with HALCON. These programs may serve
as a foundation for your own development projects.
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Browse HDevelop Example Programs - O -
Category A | Find: |measure @
Machinery
inti ~
Medical supplies Example Short Description
Packaging aoplv metroloay model.hdey ME3SUE dircular and rectangular
Paper products PRIy gy ! . pads using a metrology model
Pharmaceutical . )
Photogrammetry and remot... fuzzy_measure_pin.hdev :Z::ﬁ;;gpm of an IC using fuzzy
E;;?ji;n engineering and o... measure ball bdnd.hdev Inspsct the position of ball bonds on
— = ' a pai

Retail

) ) Reconstruct the height of a solder
2::1?;:;;3:;1;“ materidl, .. measure_bga_dif.hdev ball on & BGA using depth from focus

Solar, .renewable E"'EFQ_V' re... measure_drcuit_width_lines... Measure the width of pch tracks
Surveilance and security

Transport, logistics, trade measure_ic_leads.hdev Measure leads of an IC

Wood and timber ) Measure the dimensions of pads on a
. Method measure_pads_subpix.hdev
Operator measure_pin. hdey Measure pins of an IC
¥ Mew in version
v Reansion | e soller pasile o a v
[] Keep dialog open Open in new HDevelop
(1} 2}

Figure 2.2: HDevelop program examples.

Browse and Load Example Programs
Click File — Browse HDevelop Program Examples...

This will open the example program browser (see figure 2.2). Similar to a file browser, it shows a
tree of topics on the left and a list of example programs from the selected topics on the right. Sub-
topics can be toggled on or off by clicking the corresponding icon (1) or double-clicking the catego-
ry name.

Browse the categories: Click on a topic to select it and display its example programs. You can
select multiple topics at once by holding the ctrl key while clicking on the categories.

Filter the example programs: To reduce the number of listed example programs, enter a word or
substring into the Find text field (2). Subsequently, only example programs matching this substring
in the file name or short description will be displayed.

We pretend that you are looking for a measuring example from the semiconductor industry:

Double-click on Industry.

Click on the subtopic semiconductors. The examples belonging to the semiconductor industry are
listed on the right.

Enter the word measure into the Find text field.

Note how the list is updated as you type. Now, you have a short list of example programs to select
from. You may need to resize the example browser to fully read the short descriptions of the listed
programs.

Select measure_ic_leads.hdev by clicking on it.
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o Click open. The selected example program is then loaded. Alternatively, you can load an example
program by double-clicking on it. The example browser is closed unless keep dialog open iS
checked.

(1) @)

Iconic variables

3 (]
Variable Window - main () - Main Thread: 4084 - O P%vmvmdw-mmo-ummw:m - o =l
1 1 =B men(::) B &
s Tl Lead Measurement: Example for the application of the measure object ~

including a lot of visualization operatars.
First, the length of the leads is measured, then, their width and distance {

Image Rectangle
T First, read in the image and initialize the program

Control varizbles 1 + 7|read_image (Image, 'ic_pin')

Pointer ~ 5|get_image_pointerl (Image, Pointer, Type, Width, Height)

0

Type
Width

>
? fit_image (Image, ®, @, 509, 589, WindowHandle)
s (WindowHandle, 14, 'mone’, 'true’, 'false')
) 1 Image)

Height H 13|dev_set_draw ('margin’)
)
)

WindowHandle 4|dev_set_line_width (3)

Row Define and display the rectangular ROIs within which the edges will be detec

RowRottnm > 2| RmRnttom = ass v

Al /\_Auto /\_User /\_Global / < >

Figure 2.3: The variable and program window after loading the example program: (1) iconic varia-
bles, (2) control variables, (3) PC (program counter), (4) current procedure.

The program lines of the loaded example program are now displayed in the program window. The
PC is set to the first executable line of the program (leading comments are ignored). The variable
window is also updated: It lists the variables that are used in the main procedure, which is initially
the current procedure. The variables are currently uninstantiated, i.e., their current value is unde-
fined. This is indicated by the question mark (?). Both windows are displayed in figure 2.3.

Run Example Program

e Click Execute = Run or click the corresponding button (1) from the toolbar (see figure 2.4).

The program line next to the PC is executed, the PC is moved to the following line and so forth
until the execution stops. There are four reasons for the program execution to stop: 1) the last pro-
gram line has been executed, 2) a breakpoint has been reached, 3) the HDevelop instruction stop has
been encountered as in this example, or 4) an error has occurred.

During execution, the graphics window is used for visualization. Changes to the variables are re-
flected in the variable window. When the program execution stops, the status bar displays the num-
ber of executed lines and the processing time.

To continue with the program execution, click Execute = Run again until the end of the program is
reached.

o Click Reset Program Execution (4) to reset the program to its initial state. (see figure 2.6).
o Using the button step over (2) you can execute the program line by line and inspect the immediate
effect of each instruction.

1y 2} (3 @

oo * o
pIDEleE PR E O

Figure 2.4: The basic execution buttons: (1) run continuously, (2) run step-by-step, (3) stop, (4)
reset.
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3 Image Handling

Image acquisition is crucial for machine vision applications. It will usually be an early if not the
first step in your programming projects. This chapter explains how to load and view images within
Hdevelop.

3.1 Reading Images From Files

Especially in the prototyping phase you often have a set of sample image files to work from. HDe-
velop (or rather the underlying HALCON library) supports a wealth of image formats that can be
loaded directly (see read_image in the Reference Manual).

Drag-and-Drop

The easiest way to read an image is to simply drag it from a file browser to the HDevelop window
and drop it there. When the file is dropped, HDevelop opens the dialog Read Image (See figure 3.1).

Read Image X

File Name ‘ublichucumenisMWEcﬂ'iALCON~13‘D,u’examplEsﬁmagesfr\ngs_and_nuis‘Dl‘lg V| =

Variable Name ‘ RingsAndNuts v|

Image Info
Width: 540

Height: 480

Color Type: byte

Channel Number: 1
o o o o Insert Position

@ Insert Cursor
() Program Counter

Cona

Figure 3.1: After dragging an image file onto the HDevelop window.

This dialog displays the full path of the image and automatically proposes a variable name derived
from the file name. This name can be edited, or another iconic variable name from the current pro-
gram may be selected from the drop-down list.

Furthermore, a preview of the image and basic image properties are displayed in the dialog (width,
height, color type, and the number of channels). If you picked the wrong image, you can select
another one from the same directory by pressing the button next to the file name. This will open a
file browser native to the operating system, i.e., on Windows you may be able to switch to thumb-
nail view in this dialog. When another image is selected, the dialog is updated accordingly.

When you click the button ok, the instruction read_image is added to the current program. With the
setting of Insert Position, you determine where the instruction will be put: At the IC or the PC. If
you changed your mind about reading the selected image at all, click cancel.
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Drag-and-Drop of Multiple Images

You can also drag multiple images or directories containing multiple images to HDevelop. HDevel-
op will then open an image acquisition assistant with the images preselected.

Images from Selected Directories

Apart from dragging and dropping images, there is an equivalent method from within HDevelop:
Select File = Read Image... to get the dialog described above. Browse to and select the desired
image from this dialog, and click ok to add the selected image to your program.

3.2 Viewing Images

When images are read as described above, they are automatically displayed in the active graphics
window. This is the default behavior in HDevelop, but the automatic display of images can be
suppressed if desired, e.g., to speed up computationally intensive programs.

Initially, the loaded image fills the graphics window entirely. The window itself is not resized so the
aspect ratio of the image might be skewed. Using the toolbox of the graphics window you can easily
zoom the image, or change the window size with regard to the image.

We recommend adapting the window size to the size of the image because otherwise the display is
slowed down. The image size, the window size and the displayed part of the image are set with the
toolbar icons of the graphics window (see figure 3.2).

An iconic view of the loaded image is also displayed in the variable window. When the image is
cleared in the graphics window, it can always be restored by double-clicking this icon.

(1} (2 (3 (4 5 (&8} i} (8}
| [ | | : : :
@ ﬂq@qlailﬁtllmu%v”f‘vl

Figure 3.2: Tools in the graphics window: (1) clear window, (2) select, (3) pan image, (4) magnify,
(5) zoom in/out, (6) adjust image size, (7) adjust window size, (8) ROI tools.

3.3 Image Acquisition Assistant

The image acquisition assistant is a powerful tool to acquire images from files (including AVI
files), directories or image acquisition devices supported by HALCON through image acquisition
interfaces. To use this assistant, select Assistants = Open New Image Acquisition. The window is
displayed in figure 3.3. It features several tab cards that can be stepped through one after another.
Ultimately, the assistant generates HDevelop code that can be inserted into the current program.
Select the entry Help in the menu of the image acquisition assistant to open its online help.

68



Computer vision for robotics

Image Acquisition : Image Acquisition 01 - o=

File  Acquision Code Generaton Help
BPH A Fa %

Source Connection Parameters Inspect Code Generation
(®) Image Acquisition Interface

Auto-detect Interfaces File v

() Image File(s) Recursive

Select File(s) ... Select Directory ...

0 0.0 ms

Figure 3.3: Image acquisition assistant.

The tab card source determines the acquisition method and the image source. In the default setting
images are acquired from files. This is described in the following section. Alternatively, images are
acquired from an image acquisition device, e.g., a camera.

3.3.1 Acquiring Images from Files or Directories

You can specify a selection of image files or a directory to load images from. Make sure the radio
button Image File(s) is selected in the tab card source. You can directly enter image names or the
name of a directory into the text field. Multiple image names are separated by a semicolon. Usually,
it is more convenient to use one of the following buttons:

Select File(s) ...

HDevelop opens a file selection dialog in the current working directory, displaying the image files
supported by HALCON. Multiple image files can be selected by holding down the [ctrl| key while
clicking additional image files. Click open to confirm the selection. The first selected image is
displayed in the active graphics window.

Select Directory ...

HDevelop opens a directory browser. It is not possible to select multiple directories. Confirm your
selection by clicking open or ok. The first image from the selected directory is displayed in the
active graphics window. If the checkbox Recursive is ticked, all subdirectories of the specified
directory are scanned for images as well.

View Images

You can single-step through the selected images by clicking the snap button (see figure 3.4). Each
time you click the button, the next image is displayed in the active graphics window. You can also
loop through the images by clicking the button Live. This is especially useful for animations. Both
functions are also available from the menu Acquisition.
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LT - T ]
. 4
= @1 B

Figure 3.4: Browsing the selected images: (1) connect, (2) snap (single-step images), (3) live (con-
tinuous display).

Generate Code

Switch to the tab card code Generation, and specify a variable name in the text field Image oObject.
You can later access the image in the program by this name. If multiple images or a directory were
selected in the tab card source, the image acquisition assistant will read the images in a loop. In this
case, the following additional variable names need to be specified:

Loop Counter:

The name of the loop index variable. While looping over the images in the program, this variable
will contain the object number of the current image.

Image Files:
The name of the variable that will contain the names of the selected images.

Source Connection Parameters Inspect Code Generation
Acquisition

Control Flow Insert Code

Acquisition Mode Auto Disconnect

Variable Names

Connection Handle AcqHandle Loop Counter | Index

Image Object Image Image Files | ImageFiles

v | Code Preview

Figure 3.5: Specifying variable names for code generation.

Click code Preview to inspect the code that would be generated from the currently specified param-
eters.

Click Insert Code for Selection to generate the code and insert it at the position of the IC in the
current program.

The following piece of code is an example generated from three selected images. It is a self-
contained HDevelop program that runs without alteration.

* Image Acquisition 01: Code generated by Image Acquisition 01
ImageFiles :=[]

ImageFiles[0] := "W:/images/finl.png'

ImageFiles[1] := 'W:/images/fin2.png'

ImageFiles[2] := 'W:/images/fin3.png’
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for Index := 0 to [ImageFiles| - 1 by 1
read_image (Image, ImageFiles[Index])
* Image Acquisition 01: Do something
endfor

3.3.2 Modifying the Generated Code

After the generated code has been inserted into the program window, HDevelop internally keeps the
code linked to the corresponding assistant. This link is kept until the assistant is quit using the menu
entry File = Exit Assistant. If you close the assistant using the menu entry File = Close Dialog
or using the close icon of the window, the assistant can be restored from the top of the menu Assis-

tants.

You can change the settings inside the assistant and update the generated code accordingly. The
code preview will show you exactly how the generated code lines will be updated. Furthermore,
you can delete the generated code lines, or release them. When code lines are released, the internal
links between the assistant and those lines are cut off. Afterward, the same assistant can generate
additional code at a different place in the current program.
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4 Programming HDevelop

This chapter explains how to use HDevelop to develop your own machine vision applications. It is
meant to be actively followed in a running instance of HDevelop. In the following, it is assumed
that the preferences of HDevelop are set to the default values. This is always the case after a fresh
installation of HALCON. If you are uncertain about the current settings, you can always start HDe-
velop with the default settings by invoking it from the command line in the following way:

hdevelop -reset_preferences

This chapter deals with a simple example. Given is the image displayed in figure 4.1. The objective
is to count the clips and determine their orientation.

Figure 4.1: Paper clips.

4.1 Start a New Program

Start HDevelop or, if it is still running, click File = New Program to start a new program. HDevelop
will notify you if there are unsaved changes in the current program. If it does, click biscard to
throw away the changes and start anew. In case you rearranged the windows, click window = Organ-
ize Windows to restore the default layout displayed in figure 1.2.

The first thing to do is read the image and store it in an iconic variable. From the last chapter, we
know that we can simply drag an image to the HDevelop window. We also know that this inserts
the operator read_image into the program. Therefore, we can just as well insert the operator direct-
ly.
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4.2 Enter an Operator

Click into the text box of the operator window, type read_image, and press Return. You can also
type any partial operator name and press Return. HDevelop will then open a list of operators match-
ing that partial name. This way, you can easily select operators without having to type or even know
the exact name. Selection is done with the mouse or using the arrow keys to highlight the desired
operator and pressing Return|. If you selected the wrong operator by accident, you can reopen the list
by clicking on the drop-down arrow next to the operator name. When entering a partial name, oper-
ators commencing with that name appear at the top of the list.

Operator Window - Insert: read_aop_knowledge" - O -
Enter Operator or Procedure | Toer e el as e ie s F

read_descriptor_model ~
read_aop_knowledge read_distance_transform_xid

. read_fft_optimization_data
HALCON operator: Load read_funct1d

Parameters read gray se

read_io_channel
read_image { : Image : FileName : )

HALCON operator: Read an image with different file formats. Y]
ParamMame | 'none’ w string
ParamValue | 'none’ ] string
= Attributes | Attributes v string
OperatorMNames = OperatorNames W string
v
| Advanced Parallelization Options
Enter Apply Cancel Help

Figure 4.2: Matching operators after typing read_ and pressing Return.

4.3 Specify Parameters

After selecting an operator, its parameters are displayed in the operator window. They are grouped
by iconic and control parameters. The icons next to the parameter names denote the parameter type:
Input (2) vs. output (1) (see figure 4.3). The semantic type is displayed to the right of the parame-
ters. Parameters are specified in the text fields. The first parameter gets the input focus.

Operator Window - Insert: ‘read_image’ - olx

Enter Operator or Procedure | read_image v

read_image
HALCON operator: Read an image with different file formats.

Parameters

m—® @ Image Clip v image
@ 3}
=5 — g FileMame 'clip'l ~| [F= filename.read (string) o

L {5}

w | Advanced Parallelization Options

Enter Apply Cancel Help

Figure 4.3: Specifying parameters: (1) iconic output parameter, (2) control input parameter, (3)
semantic type, (4) data type, (5) file selection dialog.
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Enter c1ip into the text field 1mage. The image will be stored in this variable. Next, enter 'clip’
into the text field FileName. You can press Tab to go to the next input field. Pressing Shift+Tab
takes you back to the previous field. This way you can enter all parameters without using the
mouse.

Click ok to add the operator to the current program and execute it. This will do the following:

An operator call is added as the first line of the current program.

The IC is advanced so that additional lines will be added after the inserted line.

The character * is added to the window title to indicate unsaved changes in the current program.
The current procedure (main) is also marked with * in the program window.

The program line is executed and the PC is advanced. To be more precise: All the lines from the PC
to the IC are executed which makes a difference when adding program lines in larger programs.
The image is displayed in the graphics window.

The status bar is updated, i.e., the execution time of the operator read_image is displayed and the
format of the loaded image is reported.

The output variable c1ip is created and displayed in the variable window.

The operator window is cleared and ready for the insertion of the next operator.

4.4 Getting Help

You may be wondering where the clip image was loaded from since we did not specify any path or
even a file extension. This is a detail that is related to the way the HALCON operator read_image
works. HDevelop does not know anything about it. It just executes the operator with the parameters
you supply. Accessing the operator documentation from within HDevelop is very easy.

Double-click the first program line in the program window. The operator is displayed in the opera-
tor window for editing. Now click Help to open the HDevelop online help window. It will automati-
cally jump to the documentation of the displayed operator. The reference manual is completely
cross-linked. The navigation at the left part of the window provides quick access to the documenta-
tion. The tab card contents presents the hierarchical structure of the documentation. The tab card
operators lists all operators for direct access. Enter any desired substring into Find to quickly find
an operator.

In the remainder of this chapter, try to use the online help as much as possible to get information
about the used operators. The online help window is described in the section “Help Window”.

4.5 Add Additional Program Lines

Select the clips by thresholding

Now, we want to separate the clips from the background, i.e., select them. They clearly stand out
from the background, thus a selection based on the gray value is appropriate. This operation is
known as thresholding.
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Enter threshold into the operator window. This is both the full name of an operator and part of
other operator names. Thus, you get a list of matching operators with threshold pre-selected when
you press Return. Press Return once more to confirm the selected operator and show its parameters.

Operator Window - Insert: 'threshold - 0O -

Enter Operator or Procedure | threshold v

threshold
HALCOM operator: Segment an image using global threshold.

Parameters

E Image m W | image
E Region | Region “ | region
g MinGray | 128 w | number (real)
MaxGray | 255 w | number (real)
~ | Advanced Parallelization Options
Enter Apply Cancel Help

Figure 4.4: Parameter suggestions.

In figure 4.4 you can see that the input parameter Image is set to c1ip automatically. For input
variables with no default value, reasonable suggestions are inferred automatically by collecting
previous output variables of the same type. Therefore, the name of the most recent matching output
parameter will be suggested (most recent being the closest predecessor of the current program line).
In this example, only clip is available.

Set MinGray and MaxGray to e and 3e, respectively. This will select the dark pixels in the image.

Click apply. This button executes the operator without adding it to the program. Additionally, it
keeps the current parameters open for editing. This way, you can easily try different settings and
immediately see the result. The selected pixels (the so-called region) are stored in the output varia-
ble Region, which is displayed in the variable window. The region is an image mask: White pixels
are selected while black pixels are not.

The region is also displayed as an overlay in the graphics window. The selected pixels are displayed
in red (unless you changed the default settings).

The selected threshold values are not perfect, but we will correct this later. For now, click Enter to
add the operator to the program window. Contrary to clicking ok, this does not execute the operator.
Note that the variable Region keeps its value but is no longer displayed in the graphics window.
Also, the PC is not advanced, indicating that the second line of the program is yet to be executed.

Adding program lines with Enter is especially useful if some of the input parameters use variable
names that will be added to the program at a later time.

Successor
Click on the just inserted program line to select it. You can let HDevelop suggest operators based
on the selected line. Open the menu Suggestions = Successors. This menu is filled dynamically to
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show typical successors of the currently selected operator. We want to split the selected pixels into
contiguous regions. Move the mouse pointer over the menu entries. The status bar displays a short
description of the highlighted operator. Looking through the menu entries, the operator connection
looks promising, so we click on it. Any operator selected through this menu is transferred to the
operator window.

Again, the variable names suggested by HDevelop look reasonable, so click ok. This time, two
program lines are executed: The threshold operation and the connection operation. As noted above:
Clicking ok executes from the PC to the IC.

In the graphics window, the contiguous regions calculated by the operator connection are now
displayed in alternating colors.

4.6 Understanding the Image Display

After having executed the three lines of our program, the graphics window actually displays three
layers of iconic variables: the image clip, the region Region, and the tuple of regions ConnectedRe-
gions (from bottom to top). Place the mouse pointer over the icons in the variable window to obtain
basic information about the variables.

The display properties of images and the topmost region can be adjusted from the context menu of
the graphics window. For images, the look-up table (henceforth called LUT) and the display mode
(referred to as “paint”) can be set. The LUT specifies gray value mappings. Experiment with differ-
ent settings: Right-click in the graphics window and select some values from the menus Lut and
Paint. Make sure, the menu entry Apply Changes Immediately is checked. Notice how the display
of the image changes while the regions remain unchanged.

The menu entries Colored, Color, Draw, Line Width, and shape change the display properties of the
topmost region. Set braw to “margin’, Color to “cyan', and shape to “ellipse’. The display of connect-
edRegions (which is the topmost layer) changes accordingly. The region region is still displayed in
filled red.

A more convenient way to set many display properties at once is available through the menu entry
Set Parameters. It opens the settings window displayed in figure 4.5.

After trying some settings, click the button Reset to restore the default visualization settings.
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Visualization Parameters - O -
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Figure 4.5: Changing the display parameters.

You cannot change the display properties of regions (or XLDs) other than the topmost. What you
can do is rebuild the image stack in the graphics window manually by double-clicking iconic varia-
bles in the variable window and changing the properties each time another layer is added. The stack
is cleared whenever an image is added that uses the full domain. To clear the stack (and thus the
graphics window) manually, click the clear icon (see figure 3.2).

4.7 Inspecting Variables

When you move the mouse cursor over the variable connectedRegions you see that it contains 98
regions.

Right-click on the icon connectedRegions and select clear / Display to display only the connected
regions in the graphics window. Right-click again and select bisplay Content = Select.... This
menu entry opens a variable inspection window which lists the contents of the variable connect-
edRegions. The selected region of this inspection window is displayed in the graphics window using
the current visualization settings. Set braw to “margin' and shape to “ellipse’ and select some regions
from the list. An example is illustrated in figure 4.6.

For now, close the variable inspection window. The large number of regions is due to the coarse
setting of the bounds of the threshold operator. In the following, we will use one of HDevelop's
visual tools to find more appropriate settings interactively.

77



Computer vision for robotics

Graphics Window: 200000 - Selected Iconic Object - ROL - O

@ Q@Q@k' Fitvmo%v R' ,b‘ @

ConnectedRegions - ol

Region 1 (area:
Y |Region 2 (area:

100 center: (14.7,1.08)) A
801 center: (215.739,0.576775))

ERegion 3 (area:

2554 center: (122,093,184, 181))

Region 4 (area:
Region 5 (area:
Region & (area:
Region 7 (area:
Reqion & (area:
Region 9 (area:

Region 10 (area:
Region 11 (area:
Region 12 (area:

Meminn 43 farna

3028 center: (169.357,440.395))
2 center: (107.5,357.5))

2980 center: (193.913,619.535))
2 center: {137,406.5))

1 center: (138,404))

8 center: (159.375,107.125))

1 center: (184,111))

23 center: (192.478,118.522))
1 center: (208,672))

AONE rambmes FATA £T4 19 0N

v

Figure 4.6: Interactive inspection of an iconic variable

4.8 Improving the Threshold Using the Gray Histogram

Click visualization/Tools — Gray Histogram to open a tool for the inspection of gray value his-
tograms. One of its uses is to determine threshold bounds visually. Because the graphics window
currently displays only regions, the gray histogram is initially empty. Double-click the clip icon in

containing regions

the variable window to re-display the original image and watch its gray histogram appear.

Make sure Range Selection and Code Generation is Vvisible in the histogram window (1), see
figure 4.7. Select Threshold in the column operation of the gray histogram window, and click the
icon next to Threshold (2) to visualize the operation. Now, you can try different threshold bounds
by altering the values in min and Max or by dragging the lines (3) in the histogram area. Any changes
to these values are immediately visualized in the active graphics window. The values 0 and 56 seem

suitable for the lower and upper bounds, respectively.
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Figure 4.7: Determining threshold bounds interactively using the gray histogram.
4.9 Edit Lines
To edit a line in the operator window, double-click it in the program window. If you make changes

to the parameters and click ok or Replace, the original line in the program is updated. You can also
edit the program directly in the program window (see section “Editing Programs”).

Double-click the second line of the program to adjust the threshold operation. Replace the value 30
with 56 and click rReplace. The program line is updated in the program window.

4.10 Re-execute the Program

The last editing step was just a tiny modification of the program. Often, after editing many lines in
your program with perhaps many changes to the variables you want to reset your program to its
initial state and run it again to see the changes.

Click Execute — Reset Program Execution to reset the program. Now, you can select Execute —
Run to run the complete program, or click Execute — Step Over repeatedly to execute the program
line by line.

4.11 Save the Program

Perhaps now is a good time to save your program. Select File — save and specify a target directory
and a file name for your program.
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4.12 Selecting Regions Based on Features

Inspecting the variable connectedRegions after the changed threshold operation yields a much better
result. Still, a contiguous area at the left edge of the image is returned (1), see figure 4.8. To obtain
only the regions that coincide with the clips, we need to further reduce the found regions based on a
common criterion. Analogous to the gray histogram tool, which helps to select regions based on
common gray values, HDevelop provides a feature histogram tool, which helps to select regions
based on common properties or features.

{8} 1

Fmilelﬁng’%—ﬁ)—m l - olx
) 0

é;) %\ :

| ) ' ) ' |
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(n

v | Histogram Options
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% + Feature Channel Min Max
- B area 3500 5400
Insert Code | | AND ~  none -

4 | Input and Output

[ Trput Window | Active v Color ° .green -
Qutput Window | Input v Draw ‘ﬁll -

Y | Statistics

2 3 {4}

Figure 4.8: Selecting regions with a similar area in the feature histogram.

Click visualization/Tools — Feature Histogram to open the tool. Make sure Feature Selection
and Code Generation is visible in the histogram window (2). The column Feature allows selecting
the feature that the region selection will be based on. The default feature is “area”, which is ade-
quate in this case: The actual clips are all the same size, thus the area of the regions is a common
feature. In the feature histogram, the horizontal axis corresponds to the values of the selected fea-
ture. The vertical axis corresponds to the frequency of certain feature values.

Similar to the gray histogram window, you can visualize the selected regions, i.e., the regions
whose area falls between the values min and Max, which are represented by the green and red verti-
cal lines, respectively. Click the icon next to the selected feature (area) (3) to enable the visualiza-
tion.

Specify the parameters in the Input and output section of the feature histogram window (4). Drag
the green and red line (5) to see how this affects the selected regions. In the histogram, we can see
that in order to cover all the clips, we can safely select regions whose area is between, say, 4100 and
the maximum value in the histogram. When you are satisfied with the selection, click the button

80



Computer vision for robotics

Insert Code. The following line (with similar numeric values) will be added to your program at the
position of the IC:

select_shape (ConnectedRegions, SelectedRegions, ‘area’, ‘and', 4100, 5964)

Run the program, and inspect the output variable selectedRegions. The regions corresponding to
the clips are now determined correctly. To obtain the orientation and the center of gravity of the
clips, add the following operator calls to the program:

orientation_region (SelectedRegions, Phi)
area_center (SelectedRegions, Area, Row, Column)

The operator orientation_region returns a tuple of values: For each region in selectedRegions, a
corresponding orientation value in phi is returned. The operator area_center, in the same way,
returns the area, row and column of each input region as tuples. Again, run the program and inspect
the calculated control variables. You can inspect multiple control variables in one inspection win-
dow. This is especially useful if the control variables all relate to each other as in this example. In
the variable window select all control variables (hold down the (ctrl key), and right-click Inspect

(see figure 4.9).
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aﬁ‘?ﬂ \ﬂ Eﬁ %ﬁ ::? [y ﬁg %ﬂ 1 2.4989 5891  167.206  438.396
gy o
@R {‘& ,,-‘ 2 -8.671646 5172 197.761  621.874
) 3 3 9.36226 5212 271.818  233.464
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a 1.98853 43e4 378,505  533.539
Control Varizbles 5 -1.86347 4767  399.981  339.445
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Figure 4.9: Inspecting control variables.

4.13 Open Graphics Window

Up until now, the visualization of iconic results relied on the fact that a graphics window is always
opened by default when HDevelop starts. It is good practice to explicitly open a distinct number of
graphics windows in your programs.

Add the following lines before the first line of your program:

dev_close_window ()
dev_open_window (0, 0, 512, 512, 'black’, WindowHandle)

The first line closes any open graphics windows to ensure a consistent state at the start of the pro-
gram. The second line opens a single graphics window that can be referenced by the output variable
WindowHandle. The window handle is a numeric value that is also displayed in the title bar of the
corresponding graphics window.
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4.14 Looping Over the Results

Being an integrated development environment, HDevelop provides features found in other pro-
gramming languages as well: Variable assignment, expressions, and control flow. Variable assign-
ment and control flow are implemented in terms of specific HDevelop operators. These operators
can be selected from the menu operators — Control. Expressions are implemented in terms of a
specific HDevelop language which can be used in input control parameters of operator calls.

To iterate over the elements in phi, we use a for loop which counts from zero (the index of the first
element of a tuple) to the number of elements minus one. The for loop is entered just like a common
HALCON operator: Enter for into the operator window and specify the parameters as in figure
4.10. Note that the closing endfor is entered automatically if the corresponding checkbox is ticked.
Also, note that the IC is placed between the added lines so that the body of the loop can be entered.

Operator Window - Insert: for - ol Program Window - main® 0 - Main Thread: 11248 - o

-3 %K

Enter Operator or Procedure | for v | [ insert endfor’ automatcally | ga mh =3 ma

for » 1[de
HDevelop control statement - de

[¢]

8, @, 512, 512, 'black', windowHandle)
re p')

Parameters th

& nec ctedRegions, 'area', 'and', 4188, 5964)
® st o | number (integer) or n ,» Phi)
"

ar
End | |Phi|-1 v | number (integer) for Index

Step | 1 | number (nteger)

f# Index | Index v | number (integer)

Enter Appl Cancel Help

Figure 4.10: Entering a loop in HDevelop.

The notation |phi| - 1 is part of the HDevelop language. This operation calculates the number of
elements in phi minus one. When inserted in the program window, the operator for is displayed in a
different format to make it more readable.

Add the following instruction to the program. It is automatically indented in the program window to
highlight the nesting inside the for loop. The backslash at the end of the first line allows the pro-
gram line to continue at the next line in the program window for readability. You can either enter
the instruction as displayed or in a single long line without the backslash.

dev_disp_text (deg(Phi[Index]) + ' degrees', 'image’, Row[Index], \
Column[Index], ‘black’, [1, [1)

The operator dev_disp_text provides a convenient way to output text at specific positions in the
activated graphics window. Press [F1/ to get more information about the meaning of the parameters.
The notation phi[Index] is another operation of the HDevelop language. It provides access to a
single value of a tuple. The function deg is part of the HDevelop language. It converts its argument
from radians to degrees. In this example, the operation + performs a string concatenation because
the argument ' degrees' is a string value. Before the two operands of + are concatenated, an
automatic type conversion (double to string) of the numeric argument takes place.

82



Computer vision for robotics

Please note that the loop around dev_disp_text was chosen to illustrate how to access single ele-
ments of a tuple. In this specific example it is not really required because dev_disp_text is smart
enough to directly operate on tuples. Instead of the loop, you could simply use the following call:

dev_disp_text (deg(Phi) + ' degrees', ‘image’, Row, Column, 'black’, [], [])
4.15 Summary

This is basically the way to create programs in HDevelop. Select an operator, specify its parameters,
try different settings using the button Apply, add a new program line using Enter or ok, and edit it
later by double-clicking it in the program window. Use the interactive tools provided by HDevelop
to assist you, e.g., to find appropriate values for the operators.
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Figure 4.11: Final result of the example program.
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5 Calibration and Location examples

In order to use computer vision in combination with robots, your system has to be prepared. At first
you need to calibrate your camera. In the field of computer vision, you have many tasks where you
don’t need a calibrated camera, but when you want to combine it with a robot, calibration is vital.
After that can look for your object to grasp in your camera picture. So, this chapter is split in two
topics: Calibrating the camera and Locating the desired object. Camera calibration

The camera calibration is also split in two smaller parts. The first one is the intrinsic calibration,
where relation between the image plane and the camera coordinate system is described. The other
one is the extrinsic calibration, that describe where the camera coordinate system is located in the
world. If you want to know more about that topic, look for the help on the “calibrate_cameras”
operator in the HDevelop help or in the common literature, for example “Robotics, Vision and
Control” from Peter Corke.

5.1.1 Intrinsic calibration

The Intrinsic calibration describes the relation between the image plane and the camera coordinate
system. It only depends on the combination of camera and lens and not on the positioning of the
camera. It consists of (at least) five parameters:

e Camera constant (distance between projection centre and image plane)
e Principal point (x/y)

e Scale factor (CCD/CMOS-pixel cells per unit)

e Can be extended to consider distortion as well (also 5 parameters)

Image plane u /anm

V y py / U cam

/Ocam g

ycam

X

cam
Projection
centre

Example:
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You can copy the following code to the program window. The first few lines just set the environ-
ment up

ImgPath := '3d_machine_vision/calib/"

dev_close_window ()

dev_open_window (0, 0, 652, 494, 'black’, WindowHandle)
dev_update_off ()

dev_set_draw (‘'margin’)

dev_set_line_width (3)

OpSystem := environment('OS’)

set_display_font (WindowHandle, 14, 'mono’, ‘true’, 'false’)

The next few lines start a initial camera object and load the description file of the calibration plate.
In there the shape and the number of calibration marks on the calibration object are denoted.

gen_cam_par_area_scan_division (0.016, 0, 0.0000074, 0.0000074, 326, 247, 652, 494, StartCamPar)
create_calib_data (‘calibration_object', 1, 1, CalibDatalD)

set_calib_data_cam_param (CalibDatalD, 0, [], StartCamPar)

set_calib_data_calib_object (CalibDatalD, 0, ‘caltab_30mm.descr’)

Here we use 10 images to ensure to get a good calibration. Within each image the calibration pattern is searched and the
found pattern is displayed

NumlImages := 10
* Note, we do not use the image from which the pose of the measurement plane can be derived
for I := 1 to Numlmages by 1
read_image (Image, ImgPath + 'calib_' + 1$'02d")
dev_display (Image)
find_calib_object (Image, CalibDatalD, 0, 0, I, [], [1)
get_calib_data_observ_contours (Caltab, CalibDatalD, ‘caltab’, 0, 0, 1)
dev_set_color (‘green’)
dev_display (Caltab)
endfor

Now the calibration itself is triggered. After this step you can see the real intrinsic parameters in the “CamParam”
variable. These parameters are saved to 'camera_parameters.dat', and the no longer needed Calibration Object gets
disposed.

calibrate_cameras (CalibDatalD, Error)

get_calib_data (CalibDatalD, ‘camera’, 0, ‘params', CamParam)

* Write the internal camera parameters to a file

write_cam_par (CamParam, 'camera_parameters.dat')

Message := 'Interior camera parameters have'

Message[1] := 'been written to file'

disp_message (WindowHandle, Message, ‘window', 12, 12, ‘red’, 'false’)
clear_calib_data (CalibDatalD)
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5.1.2 Extrinsic calibration

The extrinsic calibration describes the position and orientation of the camera coordinate system in
relation to the world coordinate system. It only depends on the positioning of the camera. In this
short course we only discuss the case when the camera is stationary to the scene.
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Example:

ImgPath :='3d_machine_vision/calib/'

dev_close_window ()

dev_open_window (0, 0, 652, 494, 'black’, WindowHandle)
dev_update_off ()

dev_set_draw (‘'margin’)

dev_set_line_width (1)

set_display_font (WindowHandle, 14, 'mono’, 'true’, 'false’)

* Read the internal camera parameters from file

try
read_cam_par (‘camera_parameters.dat', CamParam)

catch (Exception)
* run ‘camera_calibration_internal.hdev' first to generate camera
* parameter file 'camera_parameters.dat'

stop ()
endtry

*

* Determine the external camera parameters and world coodinates from image points
*

* The external camera parameters can be determined from an image, where the

* calibration plate is positioned directly on the measurement plane

read_image (Image, ImgPath + 'calib_11")

dev_display (Image)
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CaltabName :='caltab_30mm.descr'

create_calib_data (‘calibration_object’, 1, 1, CalibDatalD)
set_calib_data_cam_param (CalibDatalD, 0, [], CamParam)
set_calib_data_calib_object (CalibDatalD, 0, CaltabName)

find_calib_object (Image, CalibDatalD, 0, 0, 1, [], [1)
get_calib_data_observ_contours (Caltab, CalibDatalD, ‘caltab’, 0, 0, 1)
get_calib_data_observ_points (CalibDatalD, 0, 0, 1, RCoord, CCoord, Index, PoseForCalibrationPlate)
dev_set_color ('green’)

dev_display (Caltab)

dev_set_color ('red’)

disp_caltab (WindowHandle, CaltabName, CamParam, PoseForCalibrationPlate, 1)
dev_set_line_width (3)

disp_circle (WindowHandle, RCoord, CCoord, gen_tuple_const(|RCoord|,1.5))

* caltab_points (CaltabName, X, Y, Z)

* calibrate_cameras (CalibDatalD, Error)

To take the thickness of the calibration plate into account, the z-value of the origin given by the camera pose has to be
translated by the thickness of the calibration plate. Deactivate the following line if you do not want to add the correc-
tion.

set_origin_pose (PoseForCalibrationPlate, 0, 0, 0.00075, PoseForCalibrationPlate)
pose_to_hom_mat3d (PoseForCalibrationPlate, HomMat3D)
clear_calib_data (CalibDatalD)

stop ()

5.2 Locating Objects

In this Chapter we look at two examples for searching an object in a picture. One example is a two-
dimensional search for a pattern, the other one is a three-dimensional search for a deformed pattern.
For this task, again, you can choose between a wide variety of possible algorithms, for example
correlation-based, shape-based or perspective deformable matching algorithms. For the purpose of
this short course we focus on a simple shape-based approach. The model is here obtained by defin-
ing a region of interest in the training image where the contours are well displayed. Within this
region, the model shape is retrieved by edge-detecting algorithms. Afterwards this shape is searched
for in the camera picture.

Example:
First set up the graphical environment

dev_update_pc (‘'off")
dev_update_window (‘off")
dev_update_var (‘off')

read the training image and prepare some annotations

read_image (Image, 'green-dot’)

get_image_size (Image, Width, Height)

dev_close_window ()

dev_open_window (0, 0, Width, Height, ‘black’, WindowHandle)
dev_set_color ('red’)

dev_display (Image)
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separate the logo from the background

threshold (Image, Region, 0, 128)
connection (Region, ConnectedRegions)

select the logo and create the region of interest (ROI) out of it

select_shape (ConnectedRegions, SelectedRegions, ‘area’, 'and’, 10000, 20000)
fill_up (SelectedRegions, RegionFillUp)
dilation_circle (RegionFillUp, RegionDilation, 5.5)

reduce the image to the size of the ROI
reduce_domain (Image, RegionDilation, ImageReduced)
create the model and move the shape model to the position of the ROI

create_scaled_shape_model (ImageReduced, 5, rad(-45), rad(90), 'auto’, 0.8, 1.0, ‘auto’, 'none’, 'ig-
nore_global_polarity', 40, 10, ModellD)

get_shape_model_contours (Model, ModellD, 1)

area_center (RegionFillUp, Area, RowRef, ColumnRef)

vector_angle_to_rigid (0, 0, 0, RowRef, ColumnRef, 0, HomMat2D)

affine_trans_contour_xld (Model, ModelTrans, HomMat2D)

Display the resulting model

dev_display (Image)
dev_display (ModelTrans)

Load the image and look for the green dots. After that display each of the found positions.

read_image (ImageSearch, 'green-dots')

dev_display (ImageSearch)

find_scaled_shape_model (ImageSearch, ModelID, rad(-45), rad(90), 0.8, 1.0, 0.5, 0, 0.5, 'least_squares'’, 5,

0.8, Row, Column, Angle, Scale, Score)

for1:=0to|Score|-1by1l
hom_mat2d_identity (HomMat2DIdentity)
hom_mat2d_translate (HomMat2DIdentity, Row[l], Column[I], HomMat2DTranslate)
hom_mat2d_rotate (HomMat2DTranslate, Angle[1], Row[l], Column[l], HomMat2DRotate)
hom_mat2d_scale (HomMat2DRotate, Scale[l], Scale[l], Row[l], Column[I], HomMat2DScale)
affine_trans_contour_xId (Model, ModelTrans, HomMat2DScale)
dev_display (ModelTrans)

endfor

clear_shape_model (ModelID)

Example2:

This example shows an application case from the automotive industry. The task is to locate a car door put in different
orientations and positions by using the calibrated deformable matching. First, a model is defined from a planar area of
the car door, then a calibrated pose is calculated from the calibration plate put in the plane of the initial object. For all
subsequent takes the pose can then be determined using the deformable matching. It is important to note that the per-
spective matching can only be used for planar areas of your object of interest that consist of well defined contours.
Further a stable detection requires a perspective distortion of the object. Hence if the object is very far away or the
camera has a long focal length, the projection is becoming affine making a stable pose estimation difficult. While the
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translational part of the pose estimation is typically very stable, the estimation of the rotational part becomes difficult
when looking exactly perpendicular at the object. In these cases, create_aniso_shape_model should be preferred.

dev_update_off ()

dev_close_window ()

read_image (Image, 'automotive/car_door_calib_plate’)

get_image_size (Image, Width, Height)

dev_open_window_fit_size (0, 0, Width, Height, -1, -1, WindowHandle)
set_display_font (WindowHandle, 14, ‘mono’, ‘true’, ‘false’)

dev_display (Image)

Compute calibrated pose of object

CalTabDescrName := 'caltab_200mm.descr’

gen_cam_par_area_scan_division (0.0160522, -402.331, 9.30632e-006, 9.3e-006, 315.431, 273.525, 640, 512,
CamParam)

caltab_points (CalTabDescrName, X, Y, Z)

find_caltab (Image, Caltab, CalTabDescrName, 3, 112, 5)

find_marks_and_pose (Image, Caltab, CalTabDescrName, CamParam, 128, 10, 18, 0.9, 15, 100, RCoord,
CCoord, Pose)

gen_cross_contour_xld (Cross, RCoord, CCoord, 6, 0.785398)

dev_set_draw (‘'margin’)

dev_set_line_width (1)

dev_set_color (‘cyan’)

dev_display (Cross)

dev_set_line_width (2)

dev_set_color ('green’)

dev_display (Caltab)

disp_continue_message (WindowHandle, 'black’, 'true’)

stop ()

Create model

read_image (Image, 'automotive/car_door_init_pose")

dev_display (Image)

* Select a planar sub part of the car door as model region

read_region (ROI, 'automotive/car_door_region’)

reduce_domain (Image, ROI, ImageReduced)

* The plane of the object is approximately the same as the calibration plate.

* However, there is the depth of the calibration plate and an additional displacement.
set_origin_pose (Pose, 0, 0, 0.03, PoseNewOrigin)

* We expect rotation and scale changes

create_planar_calib_deformable_model (ImageReduced, CamParam, PoseNewOrigin, ‘auto’, -0.1, 0.2, ‘auto’,
0.6, 1, 'auto’, 0.6, 1, 'auto’, 'none’, 'use_polarity', ‘auto’, ‘auto’, [], [], ModellD)

* Get the model contours in world coordinates to be able to easily

* visualize the matching poses later

set_deformable_model_param (ModellD, 'get_deformable_model_contours_coord_system', ‘world’)
get_deformable_model_contours (ModelContours, ModellD, 1)

count_obj (ModelContours, NumberContour)

The 3D origin of the model is displayed here

get_deformable_model_params (ModellD, 'model_pose', ModelPose)
dev_set_colored (3)
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disp_message (WindowHandle, 'Calibrated Pose of Object\n X: ' + ModelPose[0]$'.4f' + ' m\n Y: ' + Model-
Pose[1]$".4f' + ' m\n Z: ' + ModelPose[2]$".4f + ' m', 'window', 12, 12, 'black’, 'true")

disp_3d_coord_system (WindowHandle, CamParam, ModelPose, 0.15)

disp_continue_message (WindowHandle, 'black’, ‘true’)

stop ()

Find pose of car door in subsequent images

gen_rectanglel (Rectangle2, 200, 50, 420, 620)
forIndex :=1to20 by 1
read_image (ImageSearch, 'automotive/car_door_' + Index$'.02")
* For speed reasons the search domain can be reduced
reduce_domain (ImageSearch, Rectangle2, ImageReducedSearch)
dev_display (ImageSearch)
count_seconds (Seconds1)
find_planar_calib_deformable_model (ImageReducedSearch, ModellD, -0.1, 0.2, 0.6, 1.0, 0.6, 1.0, 0.7, 1, 1,
0, 0.7, [1, [], Pose, CovPose, Score)
count_seconds (Seconds2)
Time := Seconds2 - Seconds1
*
*Visualisation of detected models
for Index1 := 0 to |Score| - 1 by 1
* Select respective match
tuple_select_range (Pose, Index1 * 7, ((Index1 + 1) * 7) - 1, PoseSelected)
pose_to_hom_mat3d (PoseSelected, HomMat3D)
* Construct a Projection of the detected model with its 3D pose
gen_empty_obj (FoundContour)
for Index2 := 1 to NumberContour by 1
select_obj (ModelContours, ObjectSelected, Index2)
get_contour_xld (ObjectSelected, Y, X)
Z :=gen_tuple_const(|X],0.0)
* Transform the metric model into the world coordinate system
affine_trans_point_3d (HomMat3D, X, Y, Z, Xc, Yc¢, Zc)
* Project model from 3D world coordinate system into the camera
project_3d_point (Xc, Yc, Zc, CamParam, R, C)
gen_contour_polygon_xld (ModelWorld, R, C)
concat_obj (FoundContour, ModelWorld, FoundContour)
endfor
* Display results
disp_message (WindowHandle, 'Object found in ' + (Time * 1000)$'.4' + ' ms' + '\n X: ' + PoseSelect-
ed[0]$'.4f + ' m\n Y: '+ PoseSelected[1]$'.4f + ' m\n Z: ' + PoseSelected[2]$'.4f + ' m', 'window', 12, 12,
‘black’, 'true’)
dev_set_color (‘cyan’)
dev_display (FoundContour)
dev_set_colored (3)
disp_3d_coord_system (WindowHandle, CamParam, PoseSelected, 0.15)
endfor
if (Index != 20)
disp_continue_message (WindowHandle, 'black’, 'true’)
endif
stop ()
endfor
clear_deformable_model (ModellD)
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RobotStudio for programming ABB
robots

Die Universitdt Luxemburg organisierte
einen Workshop mit dem Titel ,Einfiihrung
in RobotStudio zur Programmierung von
ABB-Robotern”. Die RobotStudio-Software
ist eine Offline-Programmiermethode fiir
ABB-Roboter.

Wiéhrend des Workshops haben wir ein Pro-
jekt simuliert, das mit einem Roboter syn-
chronisiert werden kann. Zuerst richteten
wir die virtuelle Arbeitsumgebung ein. Dann
begannen wir mit der Simulation des Pro-
jekts mit virtuellen Elementen wie Roboter,
einer Klemme, Tischen, etc.

Kontakt:

Universitat Luxemburg
Abir Gallala

e-mail: abir.gallala@uni.lu

L'université de Luxembourg a organisé un
atelier intitulé «Initiation & RobotStudio
pour la programmation des robots ABB ».
Le software Robotstudio est une méthode
de programmation hors ligne pour les robots
ABB.

Au cours de I'atelier, nous avons simulé
un projet pouvant étre synchronisé avec un
robot. Tout d'abord, nous avons commen-
cé par introduire |'environnement virtuel de
travail. Nous avons ensuite démarré la si-
mulation du projet en utilisant des éléments
virtuels tels que le robot, une pince, des ta-
bles etc.

Contact:

Université du Luxembourg
Abir Gallala

e-mail: abir.gallala@uni.lu
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Human motion measurement

Die Summer School endete mit einem origi-
nellen Workshop. Die Robotikforschung be-
schaftigt sich zunehmend mit der Mensch-
Roboter-Interaktion. In diesem Bereich ver-
suchen wir sicherzustellen, dass der Roboter
auf die verschiedenen Reize des Menschen
— Stimme, Gesichtsausdruck, Kontakt, etc.
— reagieren kann. So kann die menschliche
Bewegung ein Mittel zur Kommunikation
mit Robotern sein.

Die Universitat Littich verfligt Giber ein La-
bor fiir Bewegungsanalyse. Hier befassen
sich mehrere Forschungsprojekte der Robo-
tik mit der menschlichen Bewegung. Dies
war die Gelegenheit, verschiedene Techni-
ken zur Messung der menschlichen Bewe-
gung vorzustellen. Cédric Schwarz prasen-
tierte vor allem das Codamotion-System:
Ein System, das auf Infrarotkameras und
aktiven Sensoren am Menschen basiert.

In einem zweiten Schritt stellten Nathan
Deom und Robin Pellois eher experimentel-
le Bewegungsmesssysteme vor, die jeweils
auf Markererkennung und Datenverarbei-

L'Université d'été s'est terminée par un
atelier un peu plus original. La recherche
en robotique s'intéresse de plus en plus
a l'interaction entre I'humain et le robot.
Dans ce domaine on cherche a ce que le
robot puisse réagir aux différents stimuli
(voix, expressions faciales, contact ...) de
['humain. Ainsi, le mouvement humain peut
&tre un moyen de communiquer avec les ro-
bots.

L'Université de Liége posséde un labora-
toire d'analyse de mouvement humain. Ici,
plusieurs projets de recherche en robotique
sont en lien avec le mouvement humain.
C'était alors I'occasion de présenter diffé-
rentes techniques de mesure de mouvement
humain. Principalement, Cédric Schwarz a
présenté le systéme Codamotion : Un systeé-
me basé sur des caméras infrarouges et des
capteurs actifs placés sur |"humain.

Dans un second temps Nathan Deom et
Robin Pellois ont présenté des systémes de
mesure de mouvement plus expérimentaux
basés respectivement sur la détection de
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tung des Tragheitskraftwerks basieren. Die-
ser interaktive Workshop erméglichte es, die
jeweiligen Vor- und Nachteile der verschie-
denen Techniken zu verstehen.

Kontakt:

Universitat Littich

Arthur Lismonde

E-Mail: alismond®@ulg.ac.be

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

marqueur et le traitement de donnée de
centrales inertielles. Cet atelier interactif a
permis d'appréhender les avantages et in-
convénients respectifs des différentes tech-
niques.

Contact:

Université de Liege

Arthur Lismonde

E-Mail: alismond@ulg.ac.be

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

Projektleitung
Direction du projet

/eMA

Zentrum fir Mechatronik
und Automatisierungstechnik

Projektpartner
Operateurs du projet

UNIVERSITE
DE LORRAINE

ra POLE
O MecaTech

LE POLE DE COMPETITIVITE WALION EN GENIE MECANIGUE

HOCHSCHULE TRIER

(U
\ Umwelt-Campus Birkenfeld

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

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

Zentrum fiir 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 Liége
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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Kontakt
Contact

@ Peter Plapper, Prof. Dr.-Ing.
ll II I I || Université du Luxembourg
° Telefon : +352 (0)466644-5804
UNIVERSITE DU E-mail: peter.plapper@uni.lu
LUXEMBOURG Webseite: wwwde.uni.lu

Strategische Partner
Opérateurs méthodologiques

Régis Bigot
Manior Industries
Telefon: +33 (0)3 87 39 78

MANOIR

INDUSTRIES Webseite: www.manoir-industries.com
Frédérik Cambier
Technifutur
TECHNIFUTUR® Webseite: www.technifutur.be

CENTRE DE COMPETENCES

Julie Corouge

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

Anja Hothker

ESE?I\I?;\JA(SVI/\\?E)I\I{JCXND RESEARCH Luxinnovation — National Agency

LUXINNOVATION 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
k) UR E-Mail: a.benattar@isgroupe.com
ou

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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Kontakt
Contact

FANUC

materalia

Fole de Compétrivité Matérioux,

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 - P6le 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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