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1. EXECUTIVE SUMMARY

The purpose of this document is to present all the activities of the X-act consortium towards the
dissemination of the X-act project result in European and international level. The following activities
are included:

e  X-act Project brochures

e  X-act Project newsletters

e  X-act Project posters

e X-act Project participation in public events

e Publications

Furthermore the links with other projects were the consortium is involved is described and a list of
future activities is given.




X-act

2. DISSEMINATION ACTIVITIES

2.1. Project brochure

This sections includes all the brochures of X-act project. Three different brochures has been prepared
and demonstrated in different events. The first one is the overall project brochure, the second one is
the brochure focused on safety related issues and the last one regards the Dual arm robot.

2.1.1. Overall project brochure

Z’m Vision

¥ Increase dexterity of robotic
applications

¥ Increased reconfigurability of
manufacturing and assembly processes

» Reduction of programming efforts for
robot programming

> Increased reliability/availability of the
production system

# Increased equipment reutilization

Q Voloe Instructions

Force
Sengurg N

Optical posture
1=m al 4 recognition
guiding device

Highly Intultlve Interfaces
Safe human robot
workspace sharing

Libraries. X-act
<: Intelligent
control
modu\e

Programming of matawnhl)uI Iaska R‘W‘ epoos adsimen

I

Dual arm robot
Instruction

| Teaching by Advanced Dual arm
| demonstration programming (mirror etc.) |

e detection

LMS

Eind us:

Site: hitp://www.xact-project.eu/

Contact us
Project Manager
Dr. Sotiris Makris

Laboratory For Manufacturing Systems and
Automation (LMS)

Director: Prof. George Chryssolouris

University of Patras, Patras 26500,
GREECE

makris@Ims.mech.upatras.qr

Expert cooperative robots for
highly skilled operations for the
factory of the future

X-act

Grant Agreement No: 314355
START: October 2012
DURATION: 36 months

INVESTMENT: 4.9 Million Euro
(65% EU support)

_ Commission
oS0

SEVENTH FRAMEWORK
PROGRAMME

Research has received funding from the European
Union's 7th Framework Programme (FP7/2007-
2013) under grant agreement n® 314355
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Z'W Structure

Dual arm robot enhancements and
sensorial systems

Dual arm robot instruction Libraries
Dual arm robot intelligent motion
planning

Dual arm robot simulation

Advanced control algorithms, enabling
human-robot cooperation
Multi-modal interfaces for human robot
interaction

Multi modal programming—PbD

X-act pilot cases execution and
assessment- automotive application and
rework of electrical appliances.

Figure 1:

2’-4@' Obijectives

» Dual arm robots enhancement
modules involving sensors, visual
servoing and flexible tools to enable
dexterous operation

v

Intelligent motion planning
algorithms for synchronizing the
motion of the dual arm - execution of
bimanual operations

» Dual arm robot instructions libraries
to simplify programming

» Simulation modules to realistically
simulate the dual arm robot

» Sensor guided programming, visual

programming, force sensing

v

Highly intuitive interfaces for human-
robot cooperation during operation
with control algorithms to regulate
manipulation of parts

v

Fenceless human robot supervision
system for safely involving robots and
humans in manufacturing tasks

X-act overall brochure from LMS

Z'W Consortium

M Project
Manager

Q

Fcomau
P

IKe@TEKNIKER

ZZ Fraunhofer

0w

TOFAS TORK OTOMOBIL FABRIKASI AS.

nl-rn ‘ hogar |
pilz

SIEMENS

(INDUSTRY SOFTWARE LTD) &
(INDUSTRY SOFTWARE SAS)
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2.1.2. Safety related issues- brochure

®

the spirit of safety

Find us:

Site: http://www.pilz.es

Lms

Laboratory for Mantacturing
Systems & Autornation Grant Agreement No: 314355
Untversity of Patras START: October 2012
DURATION: 36 months
INVESTMENT: 4.9 Million Euro
(65% EU support)

Find us:

AT 48 0% T, ey A IS, o 3, P b 5, ST ST . i bt o8 v P, P g

Site: http://www.xact-project.eu/ cooperative robots for highly skil

ations for the factory of

ES N
P Industrieelekironik S.L. S
y " )= wawokcom il e,
BEHgono JXAishl Pan o [E L ’S‘f ‘:3‘7
Espana Pk 2 b4 A= Research has received funding from the European
oy @ T T s, r Union's 7th Framework Programme (FP7/2007-2013)
E-Mal  pkSpilzes e it ri) the spirit of safety under grant agreement n® 314355

Figure 2: X-act brochure from PILZ
2.1.3. Dual arm robot Brochure

A new brochure have been made to disseminate the activity of the Dual ARM in the X-act project
and was distributed to COMAU customers and potential customers.

Innovation and Research  #1swes e smoinme oo

W Cooparativg MOTIDN s swhwsnt rosses swig 16w wd Ko ' N >
T Smart Dual A 12 g o 0 pen Buopeen ressash nitatves sred ¥ cwreg 4 B,
W VAR N T 0 (4 N MR ) WT (1 AR ¥ e\ o vl o Human-like approach i sy moson q
,n-‘j o Integrated SEnsors w tpe el oo o ey, |
. . i '
et 1 ) (VRN W R IR RS T e g R
Wrtle s 1o et 3o sk f e S - S § Vb Ertem e O HOToww VaNST 3ITTHS ko i vt f o orpmoment
o ook |
= el vokx 0 s te duwey o stosk xytcran, wd te "
Z & Full S25pEOrt of (s cosess wctersons sorwes =

WOy OF SRy 5 AT otiiet. TO Ot 4 10
Soaxy heply rstve sheton by huneatot copeeter ent ST
peath w waadatliey of P paodecSon apeer

SYSLRM RN DAY wt vt nes satmment of vasrmnd
e

B ety oo o0 diphiymy
tad nbetc arden pdried met g
s ] bk I 508 TR OOgRR

The oo th sty &0 P Wil Mo
rceivet kndeg Som B Ponpesn Usos

Applications

i S ot e g o Assembty
% ‘ of Disassambly
Intuitive and effective o Handling

human-robot cooperation
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2.2. Project Newsletters

Five newsletters have been prepared since the first year of the project. These newsletters are in the
public material of the X-act portal.

2.2.1. September 2013

Expert cooperative robots for highly
skilled operations for the factory of
the future

SIVENT® FRAMLWORS
reiLrAMVL

X-act news

Z-dd consortium welcomes audience to @ =
In this issue:

newsletter PN

Dear Reader o X~ @ef consortium welcomes audience to

newsletter

It is our pleasure to welcome you and introduce you to
o & - @et industrial pilot cases presentation

our first Newsletter of A-ace Project-NMP. The project
has started on 1" October 2012 and it will lost 36 | 3 Smulaion modsispresentation
months. Eight partners from different EU countries, (:17«

Turkey ond Isragel are meeting together, under the
coordination of LMS (Laboratory for Manufacturing The project overview

Systems and Automation), University of Patras, Greece.
The X-act objectives are summarized in the following:
= Dual arm robots enhancement modules

x"d is an EU funded Reseorch & Development
Project (FP7-2012-NMP-ICT-FoF, Grant Agreement No:

314355).
involving sensors, image processing algorithms 4 & FEC—
3 N The project is broken down into that keep up with
and flexible tools to enable dexterous operation £he iact plhames:

= Intelligent motion planning algorithms for

L3 e 2 > «  Phase 1: Generalized end user requirements
simplifying programming ond operation

= Dual arm robot instructions libraries to S Mwmes z'“modules ges Joplesaentadion
simplify programming and integration

= Simulation modules to realisticolly simulate the * Phase3: z’“m cases execution
dual arm robot

= Sensor guided programming, including visual
programming and force sensing

= Highly intuitive interfaces for human-robot

cooperation during operation with control The Consortium
algorithms to regulate manipulation of parts

© Fenceless human robot supervision system for ifusnt mll IKLQTEKNIKER

safely involving robots and humans in focmay )

manufacturing tasks . 0 G
This newsletter aims in providing an overview of the Z4 Fraunhofer TOFAS TORK OTOHOBE FABBIRASIAS.
industrial application that the project aspires to run, as

2 o 4xt L ®
:::Z :s the presentation of recent activities and next nlrn l —_ pl I Z

Best Regards,
SIEMENS
z'“ project consortium (INDUSTRY SOFTWARE LTD) &
(INDUSTRY SOFTWARE SAS)

Figure 3: X-act Newsletter September 2013 - Page 1/2
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A -acz industrial pilot case presentation
The project pilot cases involve:

vAutomotive Sector

“Dashboard pre-assembly & Hydraulic pump assembly”
Two automotive pilot cases involving flexible and large
part manipulation/assembly are investigated by the
project. R&D tasks give special emphasis to enhanced

Human Robot Interaction (HRI) at the programming
and task execution phases.

The COMAU RML (Robot Multipurpose Laboratory)
dual arm robot has been selected for the development
tasks thanks to its advanced manipulation and control
capabilities.

vRework of electrical appliances

“Sewing machine disassembly®

Disassembly of sewing machines is the case of electrical
appliances industry, where the main focus is at
exploiting RML potential for human based tasks.

The SIEMENS Process Simulate tools are employed for
simulation based validation of the pilot cases.

Next steps

¥ Test beds setup finalization

# Control software development on RML
¥” Mechatronics and software integration

A - ac news and recent events
v 11 October 2012: Kick off meeting =Athens, Greece

v 05-06 February 2013: 2" General Assembly meeting-
TOFAS, Bursa, Turkey

v 21-22 May 2013: 3" General Assembly meeting-
COMAU, Turin, Italy

v 09 July 2013: RML installation in LMS Lab, Greece

v 23 July 2013: RML installation in TEKNIKER facilities,
Spain

A - ac£ upcoming events

v 18-19 September 2013: 4™ General Assembly
meeting-IPK, Berlin, Germany

A - act relevant projects

v" AUTORECON, http://www.autorecon.eu/
v KNOWACAR, http://www.knowdcar.eu/

Contact:

Project Coordinator:

Dr. Sotiris Makris

LMS-Univ. of Patras
http://www.xact-project.eu/

Ims.mech.u

Bl

email: makrisi

tras.gr

Figure 4: X-act Newsletter September 2013 - Page 2/2
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2.2.2. February 2014

Expert cooperative robots for highly
skilled operations for the factory of
the future

SAVINTe IRAMLWO RS
FeceeAnvi

Z-ac¢ Smart Dual Arm Robot cells setup in ( @. )
COMAU, LMS, TEKNIKER i ke e >

a) Automotive industry- Hydraulic pump
’ ‘f ) i" Y . Customized grippers,

| s 2 COMAU, LMS, TEKNIKER
| fingers, screw driver and
‘ vision systems  were o X-act service orlented architecture

already  installed  in o X-aet 56 Open installation
hydraulic pump cell.
SafetyEye, depth sensor,
MGD are being evaluated . z-“ Intuitive Interfaces for programming
in this case. Nl /
b) Automotive industry- Doshboord pre-assembi
A modular software R
architecture, integrating
Human, Robot, and
sensors has been setup.
ROS is used as an
integration platform. A
relational database is

. z—“ Smart Dual Arm Robot cells setup in

. 2-“ Process Simulate Integration

A - @ct service oriented Architecture (50A)

¥ Integration In ROS & ROSIAVA platform.
¥ Enables both robot programming and execution.
¥ Utilises Kinect, Manual guidance and Voice based

i 0, || 4 interaction.
"‘fed for managing the gy ohones,  Kinect ¥ Custom motion planners for dual arm robot
high amount of data. . ... 04 MGD are motion.

Grippers manipulating a

fiaath d A used for interacting
Sy - €AVY  \with the robot.
traverse and smaller

parts are designed, built

and installed. The Consortium
s Project
¢) Rework of electrical appliances Sewing machine { Manager L IKEQTEKNIKER
disassembly Ay . O 0

The Smart dual arm is -—

equipped with vacuum =4 Fraunhofer TOFAS TURK OTOMOBR FABRICASI A5
cops &screw driver, able ‘ &

of changing tool {‘“ | I

through the tool m |h°9"‘ pl Z
exchange station.

Additionally, _ eye-in-  safetyEye, laser range- (§n!asEvM Eﬂg.

MO e finders and other sensors (INDUSTRY SOFTWARE SAS)

for objects  pose are being integrated.

recognition.

Figure 5: X-act Newsletter February 2014 - Page 1/2
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X-act news

A -aet c5G Open controller

Open concept allows:
a) the development of new innovative motion
strategies
b) the integration of external sensors in order to
simplify the implementation of complex
manufacturing applications

A - act Process simulate integration

v" PSR connected to
Comau C5G Virtual
Controller

v" Monitor dual arm
position

v Execute programs &
Record positions in
VRC

A -ac¢ Intuitive Interfaces for programming

The integration of sensors (depth sensor, microphone) for
HRI is utilizing a ROS based architecture for user friendly
robot programming & execution. It allows to program
using simple voice commands and gestures.

A -aet publications

‘/ Makris S., Tsarouchi P., Surdilovic D., Kriger 1.,
Intuitive Dual arm robot programming for assembly
operations, to appear in CIRP Annals = Manufacturing
Technology, Vol. 63, Issue 1, (2014).

X - ac news and recent events

v 18-19 September 2013: 4" General Assembly
meeting-IPK, Berlin, Germany

v 03-04 December 2013: 1" Review meeting, Turin,
Italy

v’ BIENAL fair, Bilbao, 2-7 June 2014

A - ac£ upcoming events

v March 2014: Dual arm robots for
manufacturing operations-ERF 2014 workshop

v Industrial Technologies Conference, 9-11 April 2014,
Athens

skilled

Next steps

¥ Test beds enhancement & mechatronics installation
v” Safety strategy means implementation

»” HRI strategy implementation

A - act relevant projects

v" AUTORECON, http://www.autorecon.eu/
v"  ROBO-PARTNER, http://www.robo-partner.eu/

Contact:
Project Coordinator:
Dr. Sotiris Makris

Laboratory for Manufacturing
Systems & Automation (LMS)
Director: Professor George
Chryssolouris

Department of Mechanical
Engineering & Aeronautics
University of Patras, GREECE
http://www xact-project.ey,

email: makris@Ims.mech.upatras.gr

Figure 6: X-act Newsletter February 2014 - Page 2/2
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2.2.3. Newsletter October 2014

Expert cooperative robots for highly
skilled operations for the factory of
the future

SEVENTH PRAVEWORY
PROBR LML

X-act EU Project Newsietter
Issue 3- October 2014

% -ae Smart Dual Arm Robot cells Progress

a) Automotive industry- Hydraulic pump
Vision system for hydraulic -
pump parts identification
has been integrated in
robot cell. Force sensors
have been evaluated also
in this case for screwing
tasks.

j )
& ;
In this issue:

. 2"‘“ Smart Dual Arm Robot cells progress
. Z-w fenceless supervision system
L x‘dd offline programming tools

o X -aez motion planning tools

L L4 x‘dd Intuitive Interfaces for programming
b) Automotive industry- Dashboard pre-assembly

Interaction mechanisms oriented architecture has ) L -aef Papers

integration based on Service  been completed. This | /
allows close interaction
with robot, when safety
mechanisms are under
installation. Noise x"“t Fenceless supervision system
cancelling microphones,

Kinect, leap motion and s Sa;fety Eye .
MGD are evaluated. ¢ Distance and velocity
monitoring system
c) Rework of electrical appliances Sewing machine * _Signaliing mechanisms
disassembly z Distanee to yodot
~h

Integration of tool
changer, vacuum
grippers and fixtures
have been completed.
Safety mechanisms
integration and test of
UCD methodology has

2.0m

* People detection
Lo using Kinect
T PN, |neoriock system

brought the first resuits.
The Consortium A -aet offline programming tools
v Project u ) . i
o 4ol q.. IK4QOTEKNIKER Process simulate tool for exporting data in X-act Service oriented

N

i

=5 ' O 0 framework has been developed. Three level tree including in different

— classification the robot positions.
=4 Fraunhofer TOFAS TURK OTOMOSI FASRISI 45

4 0 % Yect_Dusl_am_Coxp Tesk _Move to_peesor |
) 0 8 Oud_an Ceon_Taik_Mave, fo_posten_ | R m

08, Locaten_Rght Y
B, Loewen_ Pt 2
5 o M Duy s Coop_Task_Nave_fo_postion 1 Left_am
SIEMENS 88, (rexen b
(MDUSTIY SOFTWARE LTD) & 0%, Lecwen Lk 2
PNOUSTIY SOFTWARE SAS)

-12-
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X-act EU Project Newsletter
Issue 3- October 2014

A - ae motion planning tools

An intelligent search g
algorithm is proposed to ,/j/ ]
define the path that o
leads to the desired L4

position. Multiple
criteria are used during
alternatives evaluation

A -a<f Intuitive Interfaces for programming

The integration of sensors {depth sensor, microphone) for HRI
is utilizing 3 ROS based architecture for user friendly robot
programming & execution. It allows to program using simple
voice commands and gestures.

Cmornal Umas %
*—‘_'__ o Dotabase
Dual Arrn Bobat
K TCRNR | Sereke s R
e e >
e —y 205 T s
Istrvn g Ak e
Tradwr l Trocuer
- g
‘Wee Corwr avd
'y Ll L
= el 5
X -ae# publications

‘/S.Makris, P. Tsarouchi, D. Surdilovic, J. Kriger, Intuitive
Dual arm robot programming for assembly operations, to
appear in CIRP Annals — Manufacturing Technology, Vol.
63, Issue 1, (2014).

‘/P.Tsarouchi, S.Makris, G.Michalos, M .Stefos, K.Fourtakas,
K Kaltsoukalas, D.Kontovrakis, G.Chryssolouris, Robotized
assembly process using Dual arm robot, to be presented
in 5th CATS 2014 - CIRP Conference on Assembly Systems
and Technologies

v

K. Kaltsoukalas, S. Makris, G. Chryssolouris, On generating
the motion of industrial robot manipulators, Robotics and
Computer-Integrated Manufacturing, Volume 32, April
2015, Pages 65-71, ISSN 0736-5845,

http:

dx.doi.org/10.1016/}.rcim.2014.10.002.

v

A lbarguren, |.Maurtua, M.A.Perez, B. Sierra, Muitiple
Target Tracking based on Particle Filtering for Safety in
Industrial Robotic Cells

2’-44 news and recent events

¥ 13 March 2014: Dual arm robots for skilled
manufacturing operations-ERF 2014 workshop,
Rovereto, italy

v 05-06 May 2014: 5" General Assembly meeting-
TEKNIKER, E_Ea_r, Spain

v’ BIENAL fair, Bilbao, 2-7 June 2014
¥v"  16-17 September 2014: 6" General Assembly meeting-
SIEMENS, Paris

A -aef upcoming events

¥"  Participation in ERF 2015, Vienna
¥"  Participation in CIRP General assembly 2015

Next steps
¥” Test beds finalization and cases quantification
¥~ Programming tools integration in X-act framework

» Safety strategy means implementation in dashboard
case

¥ HRI tools integration and finalize versions

Contact:
Project Coordinator:
Dr. Sotiris Makris

Laboratory for Manufacturing
Systems & Automation (LMS)

Director: Professor George
Chryssolouris

Department of Mechanical
Engineering & Aeronautics n

University of Patras, GREECE
http://www xact-project.eu

email: makris@Ims.mech.upatras.gr

-13-
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2.2.4. Newsletter February 2015

Expert cooperative robots for highly
skilled operations for the factory of
the future

STVRTY FRANTWOR &
P aaA ML

X-act news

X-act EU Project Newsietter
Issue 4- Fepruary 2015

Z-acz Smart Dual Arm Robot cells- final )

enhancements before demonstrators 4 /
a) Automotive industry- Hydraulic pump assembly In this issue:

Integration of fenceless supervision system for safety, as well o X -aef smart bual Arm Robot cells- final

as force sensor and control schema or the screw tasks. enhancaments before demonstrators

o X-aef dual arm simulation modules
o X -aef dualarm robotics library

o % -aef Human Robot Interaction

mechanisms
’ \ o X -aef intuitive interfaces for
b) Automotive industry- Dashboard assembly programming
£ ’ In this stage the fenceless o X -aet validation of User centered design
& supervision  system is = process for interactive systems
integrated in LMS premises. R
Minor adaptations in the \\, =4 _J/
cell will take place until the
final demonstrator
< o (September 2015).
c) Rework of electrical appliances- Sewing machine x"ddual arm simulation modules
disassembly Current status: Tecnomatix 12.0 [20th November 2014]

Final experiments and
tests before the final
demonstrator at
TEKNIKER. An initial
prototype of the cell was
recently presented in
review meeting.

Siemens PLM presented new capabilities for modelling dual
arm robot during the 2™ review meeting. Concurrent
operations modelling is possible now allowing synchronized
and cooperation motions.
~
- dual_srm_robot [XAct-Dual.. = |

Controller Versicn I
The Consortium Simutation Settings |
{'“ u":- _0! IKSQTEXNIKER Download Semings... I
=y

“rrmmter 29 Spzsmter ]

e

AR e DIlZ
SIEMENS
erer soerw )

-14-
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X-act news

A -aef dual arm robotics library

An interactive programming framework for bi-manual
operations is the focus of IPK in X-act, based on the

development of a dual arm robotics library called CURL++.
Eractve Programenng of Duai-Am Robare

% -aez Human Robot Interaction mechanisms

Different  interaction k P GO
mechanisms  (depth I \ .
Sensors, finger 1,

trackers, microphones,

MGD etc.) are used for P =»
X-act collaborative - 3 % l -
tasks execution, as well

as for programming. Bual aem rodot Service
i Comtrel HA procens for programmirg
LMS integrates these

mechanisms under a ﬁ s
ROS based architecture '--‘
for communication. &

A -aef validation of User centered design

process for interactive systems

Experiments were designed and performed in TEKNIKER
premises in order to study human perception/attitude and
identify the most acceptable robot behavior in terms of
safety and selection of interaction mechanisms.

Gestures [£] 24%

Implicit [3] 18%

Voics [3] 18%

———— Button [7] 41%

X -aeZ news and recent events
v 20 November 2014: 2™ review meeting, TEXNIKER,
Eibar, Spain

Al ;‘\< f\

& -aef upcoming events

¥ Participation in ERF 2015, Vienna

v 7" General assembly- May 2015

¥ Final review meeting- September 2015

Next steps
»” Test beds finalization and cases evaluation

v Safety strategy implementation in dashboard case
»" HRI tools integration and test in the demonstrators
Contact: E E
Project Coordinator: .
Dr. Sotiris Makris

Laboratory for Manufacturing
Systems & Automation (LMS)
Director: Professor George
Chryssolouris

Department of Mechanical
Engineering & Aeronautics
University of Patras, GREECE

&
f
€

http://www.xact-project.eu

email: makris@Ims.mech.upatras.gr
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2.2.5. Newsletter October 2015

TP PR
T

X-act news

Expert cooperative robots for highly
skilled operations for the factory of

the future

X -aer Findings and Conclusions

¥-act project has finalized the developments and
demonstrators. It is worth saying that the following
results were achieved:

¥

Dual arm robot were integrated in different imdustrial
scenarios for assembly and disassembly of small and
big parts, as well as plastic and delicate parts
Different gripping technologies were used in these
scenarios, as well as tool changer systems

HRC coordination was also achieved based on ROS
platform

Fenceless supervision system was successfully
integrated in the three cases and allowed safe Human
robot coexistence, interaction during programming
and collaboration

Simulation of dual arm robots was achiewed and
successfully demonstrated for single, synchronized
and cooperative motions execution

The main benefits that Dual arm robots integration brings
are summarized here:

¥

The complexity of gripping devices is reduced
compared with the grippers that are used in single
arm robots

Significant Reduction in the number of fictures in the
final layout

Possibility to handle big and small parts event with
the same grippers

Significant reduction in the number and the
complexity of tools/grippers

Space saving in the shop floor is also a main using dual
arm robots

The Consortium

{” o I} e QTERNIRER
iy
900
AfRlo  pilz

SIEMENS
PRI BTN LT B
UL RTaR Ly

S Fraunhofer

In this issue:

- ﬂ'-ﬂ findings and conclusions
+  A-aef participation in ERF 2015
o ¥-aef Booth in IROS 2015

o X-aet erern portal

- 2’—# Exploitable results

«  ¥-uet Final Review meeting-November
2005

L S

Messoge from Coordinator
Dear Reader,

The X-oct Project has ended this month. | would like to
thonk the consortivm for their excellent work and
collaboration in this project, but also for great opportunity
in this scientific experience. Additionaily, | would like to
thonk the Research community that helped with their
interest, questions in presentotions and workshops to
improve the X-oct project developments and offer helpful
solutions for Dwal Arm Robot and Humaon Robot
Collaboration in Industrial environments.

| will coll you to enjoy our lost newsletter ond the
dissemingtion staff that will be ovailable in the public the
next months.

Best Regardls,
Sortiris Mk

-16-
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X-act news

A -act Participation in ERF 2015

4 -«e publications

*  Papacharalimpopodios, S. Makris, A Bitzics, and G. Chryssolowris,
“Prediction of cabling shape during robotic manipulation,” Mt 1. Adv.
Maanyf. Technol, vol. 32, pp. 1~8, Jun. 2015

*  Ibarguren, | Maurtua, M. A_ Pérez, and 8. Sierra, "Multiple 1arget tracking
based on particle fikering for safety in industrial robotic colls,” Rob. Auton.
Syst., vol. 72, pp. 105~113, Oct. 2015,

e P.Tsarouchi, SMalkris and G.Chr ] “he Rob
Review and lenges on Task pl. \§ and Progr .
Journal of Ci B d Mamedacturing (Under Publications), 2015,

e Pasagiota Tsarouchi, €t al, ROS based coordination of human robot

cooperative bly tasks.an ind: i study, Cirp-e 2015 {available
presentation on  hiips:/fvimeo.com/141575008), October 2015
(Published).

* G Michalos, S Makris, P. Tsarouchi, Toni Guasch, D. Komtowaids, G.

A -ace EFFRA portal
Chr Design for safe human robot collaborative
$ _'_‘ - "‘m workplaces, COrpea 2015 {available presentation on
! G - — hipsy/imeo.comy141575393), October 2015 (Published).
A - aet upcoming events
= ¥ Final review meeting- November 2015

4 -act Exploitable results

1: Enhonced Process Simulote:
1 Simdation of Dual arm roboss Contact:
2. OLP Programming Sulte )
3 Teach P Project Coordinator:
4. OLP XML Exporter Dr. Sotiris Makris
5. Multicriteria motsion planner Laboratory for Manufacturing
Exploiigtion packoge 2 Enhanced Dual Arm Robot Platform:. -
& Onsitep Systems & Automation (LMS)
7. Dual arm robot platiorm & mechatronics Director: Professor George
& Fenceless supervision system Chryssolouris
3'0 :"::::::m Department of Mechanical
11. Robot Programming Language- CURL ++ Engineering & s

University of Patras, GREECE

email: makris@ims.mech upatras gr
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2.3. Poster

Two posters have been prepared during X-act project. The first one was the overall project poster and
the second one was focused on safety related issues. Both posters were demonstrated in multiple
events.

18-



X-act

2.3.1. Overall project poster

X-acz

B Motivation and Objectives

Expert cooperative robots for highly cmm) s
skilled operations for the factory of
the future

The aim of the X-act EU Project is to increase the infiltration of intelligent and cooperative robotic
systems inside European manufacturing and assembly facilities.

v Smart Dual arm robot enhancement
modules involving sensors, image processing
algorithms ~ and flexible tools to enable
dexterous operation

<

Intelligent motion planning algorithms for
simplifying programming and operation

Dual arm robot instructions libraries to
simplify programming

<

Simulation modules to realistically simulate
the dual arm robot

<

<

Sensor guided programming, including visual
programming and force sensing

<

Highly intuitive interfaces for human-robot
cooperation during operation with control
algorithms to regulate manipulation of parts
Fenceless human robot supervision system
for safely involving robots and humans in
manufacturing tasks

<

M Pilot cases

Automotive industry

Motion planning
Collision Avoidance
Bl-manual motion
planning

Control framework

Smart Dual arm
robot ﬁl

SAFETY

Rework of electrical appliances

W Expected results

1. X-act Smart dual arm robot platform including all the developed enhancements
2. X-act fenceless human robot supervision system.

3. X-act dual arm simulation software

M X-act Testbeds

H Organisational Information

Budget 4.9 ME Funding 3,2 M€
Duration 36 months Start 1 October 2012
DG / Unit Research Contract n° FOF-ICT-314355

Project Officer Mr. Antonio Puente Rodero

Project Manager Dr. Sotiris Makris, LMS ~ Contact makris@Ims.mech.upatras.gr

http://www.xact-project.eu/

Siemens PLM Software

pay SIEMENS

ALFR o  PIIZ

TEKNIKER

M Findus

IKEQTEKNIKER 25 '@0

TOFAS TORK OTOMOBIL FABRIKASIAS.

SIEMENS

Figure 7: X-act overall poster
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2.3.2. Safety issues related Poster

Motivation and Objectives

The aim of the X-act EU Project is o increase the infiltration of intelligent and coopera-
tive robotic systems inside Europkan manufacturing and assembly facilities.

- Smart Dual arm robot enhancenent modules invol-
vln% sensors, image processing agorithms and flexi-
bletools to enable dexterous operation

- Intelligent motion planning algorithms for simpli-
fying programming and operatior

= Dual arm robot instructions libriries to simplify pro-
gramming

- Simulation modules to realistically simulate the dual
armrobot

- Sensor guided programming, induding visual progra-
mming and force sensing

- Highly intuitive interfaces for heman-robot coopera-
tion during operation with contra algorithms to regu-
late manipulation of parts

- Fenceless human robot supervision system for safely
invelving robots and humans in manufacturing tasks

Expected results

1.- X-act Smart dual arm robot &latform Including
all the developed enhancemen

2.- X-act fenceless human robot supervision
system.

3.- X-act dual arm simulation software

-20-
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2.4. Events participation
The following section summarizes all the relevant events that X-act consortium participated on.
2.4.1. FoF Impact workshop 2013
Presentation in Impact workshop (March 2013)- Session ICT for Manufacturing

" Expert cooperative robots for highly skilled
1 -ael ! operations for the factory of the future

~ Advanced dual arm robotics

~ Dual arm robot enhancement modules

» Instructions libraries

~ Sensor guided programming

~ Intelligent planning algorithms
~ Simulation

~ Hi hine ¢

P
~ Highly intuitive interfaces
~ Fenceless human robot interaction
~ Multi-sectoral approach
~ Automotive industry
~ Repair of electrical appliances

2.4.2. ICRA 2013

%  Grant Agreement No: 314355
%  Coordinator: LMS-University of Patras

9 Partners / 5 EU countries, 2 Associated
countries
Total Budget: 4,9 M€

% Start: October 12 / End: September 15

X-act leaflets and a video was presented in ICRA 2013.

operations for the factory of the future
Impact expected/achieved

e

Increased reconfigurability of the production process through the use of advanced dual arm
robots

Reduction of programming efforts by means of intuitive and sensor assisted programming
interfaces/ Reduction of programming efforts by 30%

Increased flexibility of facturing/ bly processes through robot to robot and
human robot cooperation /investment cost reduction by 50%

o

3

K

Link with the expected impact of the topic and the multi-annual roadmap

U Relevance to the “ICT-enabled Intelligent Manufacturing” Roadmap sub-domain: Smart
Factory (e.g. agile manufacturing and customisation involving process automation control,
planning, simulation and optimisation technologies, robotics, and tools for sustainable
manufacturing)

O Support the EU vision and create a new opening in the European markets for advanced

robotics

2.4.3. FoF Impact workshop 2014
Presentation in Impact workshop (March 2014)
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3.1.2. Robots for Smart Factories:
Cooperative machines and open
architecture control systems

HOL-I-WOOD, AUTORECON, PRACE
TAPAS, ROBOFOOT, EUROC
PAN-ROBOTS, X-ACT, HEPHESTOS
VALERI, THERMOBOT, MIROR
MAINBOT, CABLEBOT, MEGAROB

PPP Impact Workshop T
24-25 March and 1-2 April 2014
2.4.4. FoF Impact workshop 2015

Presentation in Impact workshop (March 2015). LMS led the presentation with IPK and gathered all
the material from the other project coordinators.

o

&Y

Factories of the Future
» e

ubiic Private Partnership

Domain 2: Adaptive and Smart Manufacturing Systems
Area 4: Robots for Smart Factories

EUROC, PAN-ROBOTS, X-ACT, VALERI, MIROR, MEGAROB,
HEPHESTOS, AUTORECON (F), CABLEBOT(F), HOL-I-WOOD PR
(F), MAINBOT(F), PRACE(F),

TAPAS(F), THERMOBOT(F)

i‘l & EFFRA -
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2.4.5. ERF 2014

European Robotics forum ( http://www.erf2014.eu/ )

Rovereto, Italy from the 12th to the 14th of March 2014

-23-
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2.4.6. ERF 2015

Participation in 2 workshops:
v" Hybrid production systems

v" Flexibility and dexterity in industrial robots

2.4.7. Industrial technologies conference, Athens 2014, LMS
A poster was prepared for this conference in the LMS booth.

http://www.industrialtechnologies2014.eu/exhibition/

http://www.industrialtechnologies2014.eu/exhibition/

2.4.8. Robobusiness Billund 2014, LMS, COMAU, TEKNIKER, IPK

http://www.robobusiness.eu/?page id=2966/#production

_24-
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Sonsor controlled industrial robots

Mfay 27, 10,00 am, = 1300 pm

Chairman: Giam Paolo Garle, Performance Enginesring
hamager, Coman Robotics, Italy

Soarm Boeving-Andersen, CEQ, Scape Tedhinelegiss, Odense,
Denmark

“Standardired Bin-picker in a skeplical market”

Dragoljub Surdilovic, Dr Se, Pringpd Investigater, The Rokbotics
Depatment, [FK Berlin, Germany

“ImpedanceForce Robot Applications in Tndu stry —
Perspectives af Opan Robot Costrol®

Sodiris Makris, Dr., Project Manager, Depariment of Mechanical
Engineering and Aeronzmics, University of Paras, Greeoe

‘Industrial applications of cooperating rebots for {lexible
assemblby”

Nicoks Pedrecchi, PhD, Reseache. The Institute of Indusinal
Technology and Autemation, National Council of Research, Traly

‘Roughing of the Uppers of {ashion shoes: a3 saccesdul o se study
for sensor basad (open)

control solutions’

Tiaki Maurma, [K4-TEENIKER, Head of Automomous and
Intelligent Sysems, Spain

‘Dual-arm robot in cooperation with bumans for assembly asd
disassembly operations’

2.4.9. ETFA'2014

e 19th IEEE International Conference on Emerging Technologies and Factory Automation
(ETFA"2014), Barcelona (Spain) from 16 to 19 September 2014.

e http://www.etfa2014.org/

e TEKNIKER: Presentation of the paper: 6DOF pose estimation of objects for robotic
manipulation. A review of different options

2.4.10. Industria 4.0
e Event in Bilbao (900 attendants) about this new paradigm of manufacturing
o  http://www.spri.eus/basqueindustry 4 0/es/

o TEKNIKER: Participation on the Collaborative Robot workshop, using X-ACT as an
example
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24.11. BIEMH’14
e Bienal de la Maquina Herramienta 2014, Bilbao, 2-7 June

e Exhibition link:

http://www.biemh.com/en/biemh-2014-highlights-machine-tool-sector-recovery-onset/#.VD9If-Ixljo

Figure 9: X-act Poster & brochures presented by PILZ in the event

e TEKNIKER: presentation in a booth, including real demos with the dual arm robot

Figure 10: TEKNIKER booth with the Dual arm robot
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2.4.12. 1Q Patras 2015, Greece
LMS participated in the 1Q event in Patras Greece with X-act poster, as it is visualized below.

ey g -
{ e x

¥ Patras 26500, GREECE

Expert cooperative robots for highly
skilled operations for the factory of
m 2 the future

Chryssolouns. X-act project

Tal.: +30-2610-597262
Fax +30-2610997744
DR weny M mach UpAlras or

Contact Peson:
matra@wms mech uporas gr

Motivation and Objectives

The 3im of the X-act EU Project Is to Increase the infitration of
ntelgent and COOPEratve MDOLC Systems Inside European
manutacturing and assembly facilties

*  Smart Dual arm robot snhancement modules

NVONVIng 5ensOrs, IM3ge Processing gontnms and
fIEXCTiE 10015 10 $NADIE JEXITOUS OPEAALON

+ Intsiigant motion pianning aigorithms for simpiify

programming

*  Simulations moduies 10 realsticaTy simulate e dud

am rodot

«  Sensor guided programming, Inouaing visual

PrOgrAmMing and foroe sensing

Intuitive Interfaces for human-robot
COOPAration Surng OPEration With Protoco! JQOMMS.
10 reguIate MANIPULIZON of Pants

+  Fencelsss human robot supervisions system

Expectsd Results
* X2t SMart U arm robOt PIATOMM INCUTING A the

*  X-3CUTRNCHESS NUTIN TODOL SUDENVISION System
o X201 0Ual arm siMUaTon sofware

$3%ey INVONING robots and humans in manufacturing
tasks

gevelopment ennancements

2.4.13. World manufacturing forum Milan, 2014, LMS

X-act poster was present in this event.

1 2
- Yo -
World Manufacturing Forum 2014

B

-
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2.4.14. AUTOMATICA 2014
A booth in AUTOMATICA 2014 was demonstrating the hydraulic pump assembly scenario.

—

-
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2.4.15. Fiat journal ‘ILLUSTRATO FIAT’, 2014
Dual arm robot and X-act project was presented in the Fiat Journal in Europe.

Laboratorio
Comau

IL BILANCIO DI SOSTENIBILITA AMBIENTALE E SOCIALE

-29-
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2.4.16. EFFRA Innovation portal
X-act consortium updated the EFFRA Innovation portal.

RESEARCH & INNOVATION PROJECT | edit general information
Acronym X-ACT

Ale Expert cooperative robots for highly skilled

operations for the factory of the future
s -ael
Website address hitp:/ivww. xact-project.eu/ &

Project duration 36 months (2012-10-01 until 2015-09-30)
Number of participants 9 participants

Total budget - EC contribution 4,845,590 Euro - 3,212,991 Euro
Description

X-act aims to increase the infiltration of intelligent and cooperative robotic systems in European, “robot resistant” production
facilities. The penetration of such systems has poorly advanced due to a) the lack of user friendly programming in real industrial
envir b) the ity in ing robot to robot and human to robot cooperation ¢) the combined need for production

and robotics experts for achieving dexterous operations d) the high safety requirements for human-robot interaction. X-act
proposes the enhancement of dual arm robots for cooperative use with human operators, by means of:

- Dual arm robots enhancement modules involving sensors, visual serveing and flexible tools to enable dexterous operation

- Intelligent motion planning algorithms for synchronizing the motion of the dual arms combined with the enablement of the
execution of bimanual operations

- Dual arm robot instructions libraries to simplify programming, allowing the robot program to be incrementally and automatically
created

- Simulation modules capable of representing realistically the behaviour of the dual arm robot

- Sensor guided programming involving voice recognition, visual programming, force sensing

- Highly intuitive interfaces for human-robot cooperation during assembly by means of control algorithms to regulate the
manipulation of the parts

- Fenceless human robot supervision system to adjust the speed of the robots upon the detection of humans and automatically
re-plan robot trajectory

The project will be based on industrial applications, bringing dual arm robots to a matumy level that allows the introduction in -
industry, not as experimental equipment but as well proven and reliable pr di LA ation in
willinvolve the dexterous assembly of flexible parts by dual arm robots in cooperation with humans. A second demonstration will

focus on rework of electrical electrical devices.

ppli to dis rework and

Summary of most striking achievements Overall summary of project achievements.
hitps /ivrvive.y outube comiwatch?v=_ MVruSKhpHA

- Advanced control of dual arm robot system
- Advanced simulation technology for dual arm robot systems
- Increased flexibility in assembly and disassembly operation sin manufacturing

Clustering - cooperation with other projects Cooperation with other projects has been reported. X-act has participated in a number of clustering activities with relevant
projects.

European Robotics Forum in 2014
Projects X-act, HEPHESTOS, ROSETTA.

European Robotics Forum 2015
Workshop Fienbmty and Dextemy |n mdustnal robo(s Demonslrators of new frontiers in industrial applications

2.4.17. ROBOBUSINESS 2015

e TEKNIKER gave the talk “Human and robot collaboration: technologies to achieve human
trust” during ADVANCED MANUFACTURING track on March 29" during the
ROBOBUSINESS 2015 event that took place in Milano.

e The agenda is available here: http://www.robobusiness.eu/rb/program-overview/
2.4.18. ETFA'2015

e 20th IEEE International Conference on Emerging Technologies and Factory Automation
ETFA 2015 held in Luxembourg City.

e http://www.etfa2015.org/

e TEKNIKER: Presentation of the paper: “Human Robot interaction in industrial robotics.
Examples from research centers to industry” in the workshop: Int. International Workshop on
Robotics Technology Transfer: Innovation from Academia to Industry (RTT2015).

e The project officer was present in the workshop and the agenda is available in
http://www.etfa2015.0rg/index.php?page=1-int-workshop-rtt

2.4.19. Martes de Innobasque “Robética e innovacion”

e Talk of TEKNIKER “Fabricacion avanzada mediante la colaboracion persona-robot: claves
tecnologicas”

e June 26™M San Sebastian

e http://www.innobasque.com/home.aspx?tabid=665&idEvento=212
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2.4.20. Basque Industry 4.0 2015
Bilbao on 14th October.

http://www.spri.eus/es/eventos/basque-industry-4-0-fabricacion-avanzada-2015
2.4.21. ROS industrial conference 2015

Presentation with title: “ROS Based Scheduling of Cooperating Robots- Industrial case study”

Vehicle dashboard assembly- Automotive industry

*Robot Operating System — ROS

*MySQL Database

*Java for User interfaces * I = e

= . ~\
*Kinect sensor, leap motion sensor -5

*Noise cancelling microphone

*COMAU Smart Dual-arm robot
*C5G controller
*Two SCHUNK grippers
*Custom fixtures and gripper fingers

= - %
v oas vasa
AEVINT® § AR o
P A

2.4.22. IROS Conference 2015-Hamburg

X-act project participated in IROS 2015 Hamburg with a booth. Videos, posters of the project and
exploitable results poster books were available in the booth. The interest of the audience was
impressive for the project developments but as well as the real world demonstrators.

R — | —
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2.5. Other activities
In this section other activities that were undertaken from X-act consortium are presented.

2.5.1. Teknopolis program, TV, TEKNIKER
The X-act project was presented in Spain, in the Teknopolis TV program.

» Sodre roblica con Aol AStigaTags

Sobre robética con Aitzol Astigarraga

La robética sirve de muestra para conocer los objetivos y los miedos de cada pais

¢En qué estado se encuentra la robética en la actualidad?

http://teknopolis.elhuyar.org/reportajes/sobre-robotica-con-aitzol-astigarraga/

2.5.2. Innovation program, TV, LMS
The Innovation program showed the developments of the X-act project in the Greek TV.
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2.6. Patents and internal publications

The patents and the internal publications are reported in this section. Siemens has reported here a
number of relevant activities, such as h PS v12 release notes, the new features of PS (after X-act
project), the webminar etc.

2.6.1. Tecnomatix 12.0 Release Notes, SIEMENS

Tecnomatix Release Notes Verson 120

Tecnomatix Version 12.0 )
Dwal Arm Robot eMierver Teamcenter
Release Notes Tecmomans verwos 12 0 costaes dade sted ascticnshry for Coogeranye robon asd expecially dual

20m tsboms. 11 s gossle © defioe 3 ual 30m 09bot syviem 2 3 compoand eqaguent. whach will
crble tae rebe et fuanctroennary fon € 1haa forwsemalty sac e

Exbaaned Kebot Jog capabubtnes - whea asers select mn Equpmarat ronsrvge mith two o8 mame sobots

andier o, pessnag Rodot Jog opern e Rodot Jog DealAruRobot dalog The new sty allow wers
Nov.Mb.' 201‘ 10 define cor robot as Master sod the ofier (or ofhers) 34 Slave By cosblung Master Slave miode. B
moton of the Shave robon ) follows atter the movemenns of the Master

Creaton 2od wmdaes of Synchronscon operinon - by arestang » srw Concunreat Kobond Operinca
(0t cunently upponed i Precen Sesdate oo Teareatn ) and posting 3t Pwo opessacas of e deal
wrm robot (deme by Afferrst s ) and ssinung Gt these operstions have wdoatacal aunber of monos.
g @ o pevuhie 10 OO e T L EH000 w0 eah mto wemeot will wan 2ed eod
wmsltoroly

Crraneo st urmmbieos of Cooperatme opecanon - dre operaoon e b E i Mases Shive
confipurtion of the sobotsc amia L e cane. two scemmnos se supporied Load g scenanie, i
whach the slave robet hus e dedscatnd geogrm bt # follsws the master wnce o & grometrcally
coupled it Proces dependens scesann, i whach the Master am hobds the eocessed part whide the
Slave am peacesses

The Dual Arm propect ks pecerved famding Srom te Duropean Uson s 7* Framewerk Program
(YPI2007-7013) wader graee sgeensens o” 114355

[0 Rt g Sathemtn -

.
“ionlu A

e rtewen [TV

ceapevar bo 15 Ome

v isterl oo
v Al
© eaeme b

2.6.2. User meetings exposure, Siemens
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e Tecnomatix 12.0 New Features Presentation

e  User meetings exposure:
o AUG (German Automotive User Group) — 5/2014, 10/2014
o Process Simulate user conference — Tokyo
o GM-8/2014
o Renault —9/2014

e

ix 120 eMServer

Unrestricted © Slemens AG 2014 All Aghts reserved
Page 22 20142011 Siemers PLM Sotware

2.6.3. Webinar, Siemens
Robotic Assembly Tech Tips Webinar (26 June 2014)

Research has received funding from

the European Union's 7th Framework e s

Program (FP7/2007-2013) under UM 3 ' comeventy pom.mbereanes samanecom o oo 4 o b s T

grant agreement n* 314355 C Sop—

e teeete oy P B pet g 0 [ Cooge [ e Karten < TAC g TAC Samen () MM 04 (1 [ g (L) TX e b 000 (003 (1481 () 903wt
[ p———

Tecnomatix Knowledge Base » < | Tech Tips
Best practce wdoos, acCes and demomratons. ¢

Acoess it campiete ibeary <. browse by kopec

Marday

hes Tecnomans Tech Tp webiar dicuices and domonsratesthe  MAoRouman
0d for and benett of prograrmmTing and SETUAMION of sOvAnCed

el FBRCS for 5Tl procETIES.

Announcing Tecnomatix 12¢ e
MroRouman
L DOt 1 iy Tt Cf PYS eacng rekease
> Read move
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3. LIST OF DISSEMINATION ACTIVITIES
Type of activities? Main leader Title Date Place a-géllli[:eengzz aﬁzjzinC\)(f:e g(?clljrr::sg':;
X-act Website Sept World wide . . .
Web LMS hitp://Www.xact- 2012 web Public Worldwide Worldwide
project.eu
Impact of the March Scientific
Presentation LMS Factories of the 2013 Brussels Community, 40 EU
Future PPP, ICT Industry
for Manufacturing
International Scientific
. Conference on May Karlsruhe, Communit . .
Video LMS Robotics and 2013 Germany Y Worldwide Worldwide
Automation Industry
(ICRA)

L A drop down list allows choosing the dissemination activity: publications, conferences, workshops, web, press releases, flyers, articles published in the popular press, videos, media
briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters, Other.

2 A drop down list allows choosing the type of public: Scientific Community (higher education, Research), Industry, Civil Society, Policy makers, Medias (‘'multiple choices' is possible.



http://www.xact-project.eu/
http://www.xact-project.eu/

X-act 314355
International Scientific
Conference on May Karlsruhe, Communit . .
Brochure LMS Robotics and 2013 Germany Y, Worldwide Worldwide
Automation Industry
(ICRA)
Newsletter LMS X-act newsletter Seerpztgrlngb Wo:llvdegv ide Public Worldwide Worldwide
September 2013
COMAU web site
http://www.comau. ;
Web COMAU Com/enq/news eve Seerpzt(e)rfgb WO:IIVdegNlde Public Worldwide Worldwide
nts/news/archive/P
ages/fp7.aspx
Newsletter LMS X-act newsletter Fezbégzry World l\)N ide Public Worldwide Worldwide
February 2014 we
Impact of the March Scientific
Presentation LMS Factories of the 2014 Brussels Community, 40 EU
Future PPP, ICT Industry
for Manufacturing
Dual arm robots for
LMS, sKilled Scientific
Workshop COMAU, manufac_turmg March Rovereto, Italy Community, 100 Worldwide
IPK, operations 2014 Industr
TEKNIKER y

European Robotics
forum 2014
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http://www.comau.com/eng/news_events/news/archive/Pages/fp7.aspx
http://www.comau.com/eng/news_events/news/archive/Pages/fp7.aspx
http://www.comau.com/eng/news_events/news/archive/Pages/fp7.aspx

X-act 314355
. Process Simulate March Process Simulate
10. User conference Siemens IND Robotic seminar 2014 Tokyo, Japan customers 75 Japan
Dual arm robots for

skilled e

manufacturing March SC'em'f!C .

11. Poster LMS . Rovereto, Italy Community, 100 Worldwide

operations 2014 Industry

European Robotics
forum 2014
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Dual arm robots for
skilled s
manufacturing March SC'em'f!C .
12. Brochure LMS : Rovereto, Italy Community, 100 Worldwide
operations 2014
Industry
European Robotics
forum 2014
. March Basque - , .
13. TV TEKNIKER Teknopolis Civil Society Spain
program 2014 Country
comay, | Sensorcontrolled | Sillund Scientific
14. Workshop LMS, IPK, y ’ Community, 100 Worldwide
TEKNIKER 2014 Denmark Ind
ROBOBUSINESS ndustry
Europe 2014
. Process Simulate May Stuttgart, Process Simulate .
15. Workshop Siemens IND hands-on workshop 2014 Germany customers 15 Germany, Austria
. Tecnomatix May .
16. Software release Siemens IND 11.1TR? 2014 Not relevant Industry Not relevant World wide
17. Webinar Siemens IND | Robotics Webinar ggrl]i Web Siemens Internal | Not relevant World wide
Bienal de la June
18. Exhibition TEKNIKER Maquina 2014 Bilbao Industry 35500 Spain

Herramienta 2014
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I AUTOMATICA June . .
19. Exhibition COMAU 2014 2014 Munich Industry Worldwide Germany
World Jul
20. Exhibition LMS manufacturing 20132 Milan Industry Worldwide Italy
forum Milan
Intuitive dual arm AuGUst Nantes, France Scientific
21. Publication LMS, IPK | robot programming 20914 CIRP General Community, 400 Worldwide
for assembly assembly 2014 Industry
operations
Collaborative
Robots worksho
22. Conference TEKNIKER in P O;:(t)oll:;er Bilbao Industry 900 Spain
Industria 4.0 Event
Innovation October Scientific
23. TV program LMS Patras Community, TV, Web Greece
program 2014 |
ndustry
1% Hybrid
Production
Systems
24. | Workshop participation LMS 2"%: Flexibility and March Vienna Scientifi_c 150 Austria
' 2015 Community

dexterity in
industrial robots

European Robotics
forum 2015
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“Human and robot
collaboration:
technologies to
achieve human March i
25. Workshop TEKNIKER Milano Industry 100 Europe
trust” 2015
ROBOBUSINESS
2015
. Process Simulate April Stuttgart, Process Simulate )
26. Workshop Siemens IND hands-on workshop 2015 Germany CUStOMers 15 Germany, Austria
217. Software release Siemens IND | Tecnomatix 12.1 'g‘glrg Not relevant Industry Not relevant World wide
May Scientific
28. Exhibition LMS Q Patras 2015 Patras Community, Greece
Industry
“Fabricacion
avanzada mediante
la colaboracion
persona-robot: June . .
29. Workshop TEKNIKER claves 2015 San Sebastian Industry 40 Spain
tecnologicas”
Martes de
INNOBASQUE
30. Webinar Siemens IND | Robotics Webinar July Web Siemens Internal | Not relevant World wide

2015
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“Human Robot
Conference- interaction in
20th IEEE International industrial robotics.
31 Cc_)nference on TEKNIKER Examples from Septemb Luxembourg Industry/academi 40 Europe
Emerging Technologies research centersto | er 2015 a
and Factory industry”
Automation
ETFA 2015
32. X-act booth in IROS Septemb Industry/academi .
2015 LMS Booth or 2015 Hamburg 3 5000 Worldwide
33. Frws-15: Safety
Workshop on IROS TEKNIKER for Humar_l-Rc_)bot Septemb Hamburg Industry/academi 500 Worldwide
conference 2015 Interaction in er 2015 a
Industrial Settings
34, Web LMS EFFRA Innovation N/A World wide Public Worldwide Worldwide
web
portal
X-act Twitter World wid
35. Web LMS httos://twitter.com/ | N/A e Public Worldwide Worldwide
XactProject
X-act Facebook
https://www.facebo )
36. Web LMS Ok-Com/Dtaqu/X- N/A Wocv‘ig"”de Public Worldwide Worldwide
act-

Project/465940116
805086
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https://www.facebook.com/pages/X-act-Project/465940116805086
https://www.facebook.com/pages/X-act-Project/465940116805086
https://www.facebook.com/pages/X-act-Project/465940116805086
https://www.facebook.com/pages/X-act-Project/465940116805086

X-act 314355
X-act YouTube
channel Id wid
37. Web LMS http:/Awww.voutub | N/A WO:NeEJNI € Public Worldwide Worldwide
e.com/user/xactproj
ect
PILZ Youtube
channel ;
38. Web PILZ N/A W"mg‘”de Public Worldwide Worldwide

https://youtu.be/gM

bP-bbubEl
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4. SoclAL NETWORKING SERVICE
4.1. YOUTUBE channel

X-act project has created a channel in Youtube for sharing information with the public. The name of
the channel is: X-act Project.

X-act Project

Home Videos Playlists Channels Discussion About

All activities v

Z-act . X-act Project posted

https://www.youtube.com/watch?v=kGQWNaoVa5Y

Z-ac¢ . X-act Project uploaded a video

developments of X-act EU project

Z-act . X-act Project uploaded a video

X-act-Dual arm robot developments for interaction, programming and motion
planning
20 snufacturing Systems & Automation

A new overall video of the project developments can be found also in this channel.

You {1

k of alectrical appllances |

|

k.

-
Dashboard assembly

P ey P16/ 130

X-act project developments

X-act Project
A-act pmm—
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4.2. Twitter

¢ TAEET2 AXOAD YBOYNTA AXOAOY 80
s P 12 1 3

z Tweets Tweets & replies QWToYPaPiEC Kal Rivieo
X-act Project .

- A X-act Project @XactProject - 1 loul
® Joined Oxreppog 2012 X-act was presented in Robobusiness Europe, 27 May 2014, Sensor
controlled industrial robots. robobusiness. eu/?page_id=2966/..

53 11 Photos and videos

) X-act Project @XactProject - 27 Ma
X-act-Dual arm robot developments for interaction, programming and
motion planning: youtu be/rZgEmA2uphl?a péow @YouTube
& vouTubs

View more photos and wieos
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4.3. Facebook

Expert cooperative faCEbOOk

robots for highly

skilled operations

for the factory of
the future

Xact Smart dual arm in Hydraulic
pump assembly
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5. PATENTS AND INTERNAL PUBLICATIONS
5.1. Tecnomatix 12.0 Release Notes, SIEMENS

Tecnomatx Release Notes Version 120

Tecnomatix Version 12.0

Dual Arm Robet eMServer Teamcenter
Tecosmanx 12 0 contaess dedecated Saactioondey Sor e (obons aed oally dual
Release Notes Smovhon s gesniie o dullee » datd bam vt WS 005 Snmpound COPSE vAich ol

enable dhe relevant fmctioadity for £ Thas fancaosality scludes

Enbanced Robeot Jog capabubtnes - when ssers select s Equpmarst prosotype with two or mose sobots.

undes . pusmucsg Robot Jog opemn the Robot Jop DuslAmRobot dalog The nrw weitags allow wers
November 2014 10 Gefine c0e robot s Master 20 the ofer (or ofhers) s Shave. Dy casblisg Master Slave mode, the
oo of the Shive rodons) follows 2fter the moverneans of the Master

Creation 2od sumudanon of Synchrosous operanon - Mmmun(‘m-ummm
(ot camently wpponed w Process Susadate ou T o postag 3 oper of the daal
aem robot (doue by affesest arun) and msarzany Gt these openabions kave dentical mussber of motos.
segmean, 1t is posnble 1o synchronce the 2 's D000 30 each moton sepmeat will start and ol
umdtorowly

Creanso 308 urmmlaros of coogerare opecmon - &-mmn‘nunm‘h\
configanation of e sobotac mn Lo thes case. two scensnss swe spponied Load sdarnyg wenano. &
whach the slive robee has 30 dodscated progien bt # follows the master wnce d 1 geosaetncally
Conpled 1 1. Process dependent sceeano. i whach the Master 3 hobds the processed pant whide the
Shave am peocesses £

The Dual Arm progect bas secerved funding from fe Duropean Umson's 7* Prmework Progrm
(FP7/2007-201%) wader grace sgreensent o 114353

5.2. User Meetings Exposure, SIEMENS
e Tecnomatix 12.0 New Features Presentation
e User meetings exposure:
o AUG (German Automotive User Group) — 5/2014, 10/2014
o Process Simulate user conference — Tokyo
o GM-8/2014
o Renault—9/2014
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Tecnomatix 12.0

Unrestricted © Slemens AG 2014 All rights reserved.
Page 22 20142011 Siemena PLM Sctware

5.3. Webinar, SIEMENS

Research has received funding from
the European Union's 7th F
Program (FP7/2007-2013) under
grant agreement n* 314355 et Vee Feome Tooh by

e tewte g Pl per g W B Cooge [ ekt Karten e TAC g TAC Saarch [ MME X4 (1) MMy (1] Backiog (1) 16 N Femanen (000 (002 (e s
3 Tecremam - Samans M Commanty
A
A manacunng bext pracices.
= 2 Walch Replays of Prevacus Topics
A
—_—
v s Featured Videos
Launch and Production
> CAPA 2 Chack the compkets Wdeo iwary
» Vesal
» Toamcarter PUM-MES.
reegancn
> eV
> hosie
Latest News
How to Program Industrial Robots for Assembly Processes Monday
Thes Tocromas Tech Tip webinar disc:
reed tor and Bseett of programming and semuliton of aownced Wobe ew Fecmammet
I rodORCS Jor ansaThly procesies. 2 Tecnomatic 11

2 Pt Smuteton Free Toal

Fead mare 2 Jack Free Tral

2 RobotExpent Free Trial
Announcing Tecnomatix 12 8wk 200 2 Part Semuaton Student Dowrioad
Real 50MA0NS for MANUAchnNg pRAANG. Smuaton and producton.  MKkeRouman

2 Tecnamatie 390 IPad App
Leam about 16 kiy 1ares of s excng reease

Read maore.

Comment... Share... Like ¥ The new Facebook Page for 2weeks ag0
and NX for alve anatyman
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6. LINKS WITH OTHER PROJECTS

6.1. AUTORECON

AUTORECON project has finished (September 2014). LMS, COMAU and TOFAS have worked
together for the integration of ROS based modules in COMAU for robot to robot coordination and
cooperation. Similar X-act, has used the ROS framework for coordinating Human to Robot
cooperation.

6.2. ROBO-PARTNER

LMS, TEKNIKER, IPK, COMAU, TOFAS and PILZ participate in ROBO-PARTNER project
working on Automotive and Electrical Appliances Industry demonstrators. Human robot cooperation
and fenceless cells are investigated also in this project.

6.3. LIAA

LMS participates also in LIAA project working on Automotive Industry demonstrators for the
assembly of mechanical parts of the car. Human robot interaction methods are investigated also in this
project, as well as safety issues that allows close human robot collaboration. Universal Robots (IWA
5, 10) are used for the integration of the final demonstrators. IPA also works on the Robotic Assembly
skills and primitives similar to the TAPAS and Stamina projects.

6.4. TAPAS & Stamina projects

TAPAS project has finished on November 2014 (Final review meeting), while Stamina is an ongoing
project. Both sides identified the use of hierarchical models for structuring a number of tasks for
programming of human and robot tasks. TAPAS and Stamina consortiums have worked on the
orientation of skills, tasks and primitives, when X-act project was focused more on the Order, Task
and Operation orology. The inspiration came from the production lines hierarchy.

Tapas & Stamina X-act

Hierarchical Model

General purpose complex activity-ORDER

General purpose simple activity-TASK
=] _
Specific purpose simple activity L l } { |
LOSE_GRIPPER BLUMOVE-AWAY
] L J 1 L

OPERATIONS L L
L L ‘ L “““ ‘ L I L [I

VS Robot motions |

]

-
|
|

Device primitives é LI | ' ‘] L ‘] | L lé
[ee] i ]
6.5. SAPHARI o

SAPHARI project has worked on Human Robot safety related issues, from real time perception to
learning and interpretation of human, physical human interaction and human aware task planning. In
terms of Human robot coexistence and collaboration, but with heavy industrial robots, X-act has
investigated the related safety measures and safety standards that are applicable.
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SAPHARI

6.6. SMERobotics

TEKNIKER is taking part in the project developing one of the additional demonstrators: “Aeronautic
components assembly using flexible dual-arms (FLEXAS)”.

The basic setup developed for the ALFA scenario in X-ACT is used in a completely new scenario the
assembly of metallic parts in the aeronautic sector. A link to the demonstrator description is available
here: http://www.smerobotics.org/demonstrations/d7.html

COMAWU also participates in this project for Gear Box Assembly Demonstrator. A video and
description can be found here: http://blog.robotig.com/high-tech-robotic-assembly-cell .

6.7. FOF workshop- 2015

In the Impact workshop 2015, X-act project manager (LMS) and IPK coordinated and presented the
presentation of the projects that are summarized in the following figures. Interaction between the
Projects’ Representatives took place during the preparation of the presentation and discussion
followed on the common research areas. Exchange of information and sharing of publications took
also place

makris@Ims.mech.upatras.gr alessandro.zanella@crf.it

X-act: AUTORECON: AUTORECON
Sotiris Makris %’dd p Alesandro Zannella gﬂ
S

Daniel Braun

e JARNS |

Daniel.Braun@kuka.com PRACE: Q
Peter Schlaich —\Qé,_ik\

Peter.Schlaich@de.bosch.com
EuReC: O European ‘

Bruno Siciliano < Xchal
Siciliano@unina.it

PAN-Robots: =
28\ PAN
VALERI: , & Kay Fuerstenberg ROBOTS
,',' kay.fuerstenberg@sick.de PRgENavigate robats for smart factories

Jose Saenz .
Jose.Saenz@iff.fraunhofer.de Val er|
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HEPHESTOS:

Gerhard Schreck
gerhard.schreck@ipk.fraunhofer.de

THERMOBOT

emg@dei.unipd.it

MEGAROB:

José Antonio Dieste MEGA ROB

joseantonio.dieste@aitiip.com

MAINBOT

Q)
-/mainbot

Ifiaki Maurtua
inaki.maurtua@tekniker.es

Hol-I-Wood:

Christoph Steiner
Christoph.Steiner@microtec.eu

CableBOT

Mariola Rodriguez
mariola.rodriguez@tecnalia.com

S5CableBOT
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7. PLANNING OF FUTURE ACTIVITIES

[0 ot T [ e o [ oot [ S0 GRS

Human Robot
collaboration in
Paper submitted, waiting | gy \iKER Industrial 2016 Stockholm | Industry/Academia Worldwide
for acceptance applications: safety,

interaction and trust

ICRA 2016

3 Choose the dissemination activity: publications, conferences, workshops, web, press releases, flyers, articles published in the popular press, videos, media briefings, presentations,
exhibitions, thesis, interviews, films, TV clips, posters, Other.

4 Choose the type of public: Scientific Community (higher education, Research), Industry, Civil Society, Policy makers, Medias ('multiple choices' is possible.
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8. LiIST OF PUBLICATIONS
Title of the Number, Year of .
NO. Title Main author periodicgl or the date or Publisher pllft:ﬁzgtc:zn publicatio | Relevant pages B OPiﬂig(;Cﬁ;ﬁCz:ﬁ)\gged to
series frequency n
Intuitive  dual A(rirI]ZIF; i
arm robot CIRP General August | Manufactu antes,
1. | programming for | S.Makris g : France 2014 Pages 13-16 Yes
assembly 2014 2014 ring
assembly
) Technolog
operations
y
5th CIRP
Robotized 5th CIRP Conferenc
Assembly . Conference on Novemb € on Dresden
2. . P.Tsarouchi Assembly Assembly ' 2014 Pages 47-52 Yes
Process  Using . er 2014 Germany
Technologies Technolog
Dual Arm Robot .
and Systems ies and
Systems
Robotics
On  generating Robotics and and
the motion of | K. kal Computer April Computer /
3 industrial  robot Kaltsoukala Integrated 2015 Integrated N/A 2014 R20E=looulfs Yes
. S .
manipulators Manufacturing Manufactu
ring

5Open Access is defined as free of charge access for anyone via Internet. Please answer "yes" if the open access to the publication is already established and also if the embargo period for open
access is not yet over but you intend to establish open access afterwards.
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ezt[i)rg;igﬁsgf Proceedings of
Emergin
objects for A Technolggygand Septemb
robotic Tellaeche, 1. Factory or 2014 IEEE Barcelona 2014 1-8 No
manipglatio?. A | Maurtua Automation
review o ETFA
different options ( )
Internation
i al Journal
Prediction of International of
cablin shape A.Papachar Journal of June Advanced
'ng P alampopoul Advanced N/A 2015 N/A Yes
during  robotic f . 2015 Manufactu
manipulation 03 Manufacturing ring
Technology
Technolog
y
Human-Robot Internation
Interaction- International al Journal
Review and Journal of Accepted of Under
challenges on | P.Tsarouchi Computer August | Computer N/A 2015 ublication Yes
Task  planning Integrated 2015 Integrated P
and Manufacturing Manufactu
Programming ring
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Procedia CIRP

ROS based
coordination  of Volume 37,
human ~ robot : 20;;%_;%%68 Septemb : WEB Under
cooperative P-Tsarouchi _ er2015 | F70%d12 | conference | 2010 publication Yes
assembly  tasks- Cirp-e 2015
an industrial case https://Vimeo.co
study m/141575008

Procedia CIRP
Design Volume 37,
considerations 2015, Pages
for safe human | G michalos 248-253 Septemb |5 cedia WEB 2015 Under Yes
robot . er 2015 conference publication

. Cirp-e

collaborative
workplaces https://vimeo.co

m/141575393

Multiple target A
tracking based on Ibargur.en | Robotics and October
particle fllte.rlng Maurtua, Autonomous 2015, Elsevier N/A 2015 Pages 105- No
for safety in . Volume 113
industrial robotic M.A. Perez, Systems. 72
B. Sierra

cells.
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https://vimeo.com/141575393

