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Publishable final executive summary
Summary description of project objectives

The European Robot Initiative for Strengthening @oenpetitiveness of SMEs in Manufacturing
(acronymSMErobot™) was an Integrated Project within tH& Bramework Programme (grant
no. 011838) which focused on research, developarahinnovation related activities towards
creating a family of cost-effective versatile amdy-to-use robots. THa8MErobot consortium

has set itself three ambitious innovation goals:

* The new robot should be able to understand, “inelitcommands, so that it can be
shown what to do.

* It should satisfy all safety requirements, so thean share a workplace with humans.

« And it should be capable of being quickly integdaiteo an existing manufacturing
environment: simply plug and produce.

Demonstrations of fully functional prototypes weet up in real small and medium sized (SME)
production environments of different manufacturomignches (wood processing, small-batch
foundry, forging industry and metal parts fabrioa), with support from SME-type end-users
and system integrators. Training and educationagaducted at all levels, from researcher to
possible end-users. The unique composition of dimsartium aimed for maximum European
impact on worldwide standards.

The project started in March 2005 and ended in RGO after a project run time of 51 months.
Contractors involved

For the first time, the five major European rob@muafacturers had joined forces in
SMErobot™, in close cooperation with key component manuiiges, leading research
institutes, universities and consultants for mistiglinary RTD, dissemination and training
efforts. TheSMErobot™ partners were:

* Fraunhofer-Gesellschaft zur Férderung der angeweariebrschung e.V.
represented by it’s Institutes: IPA (&8Erobot Coordinator), ISI, ISIT

« ABB Automation Technologies Robotics

« COMAU S.p.A.

* KUKA Roboter GmbH

* Reis GmbH & Co. KG Maschinenfabrik

* Gudel AG

» Castings Technology International LTD by Gurantee

* Visual Components Oy
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Rinas ApS

Prospektiv Gesellschaft fur betriebliche Zukunfiggtungen mbH (GfAH)
German Aerospace Center (DLR) - Institute of Ratsoéind Mechatronics
Istituto di Tecnologie Industriali e Automaziond@ A-CNR)

Lund University / Institute of Technology

University of Coimbra / ADDF

GPS Gesellschatft fur Produktionssysteme GmbH

Pro Support B.V.

Additionally the SMEEIG EESV, a so-called Europ&aonomic Interest Group (EEIG), was
founded to facilitate the integration and cooperatf both SME end-user and system integrator
groups with the Consortium. Pro Support manage®HI&. Its scope of activities covered
specification, testing and validation of robot cepts.

Co-ordinator contact details

Fraunhofer IPA acted as project lead. A projefiteffor the day-to-day project management
was maintained by GPS Gesellschatt fiir Produktigsiesne GmbH.

Dipl.-Ing. Martin Hagele, M.S.

Fraunhofer IPA

Nobelstr. 12

D-70569 Stuttgart

Telefon: +49 711 970-1203

E-mail: martin.haegele@ipa.fraunhofer.de
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Work performed

The work performeth SMErobot™ was marked by challanging research and developmen
goals, intense partner interactions, remarkabldigiriterest, comprehensive outreach through
numerous publications both in the scientific arahtgcal press. Among the highlights were:

The publicly held two-dajFinal Project Workshop was successfully help on May 07-08,
2009 with presentations and demonstrations oBthErobot results
http://www.SMErobot.org/15_final_workshop/Attendants (close to 100 guests) from
supply industries, end-users (mostly from SMESs) @séarch could get hands-on
experiences odBVIErobot results.

A series of demonstrator Workshops in early 2008evireld at end-user sites to have
participants from other SMEs experience the n&w#Erobot workcells in real
productsionshttp://www.SMErobot.org/05_SME_involvements/

A joint booth of close to 250gm at AUTOMATICA 2008\e leading robotics trade fair,
was carried outtp://www.SMErobot.org/14 automaticalTheSVIErobot booth was
regarded a major highlight of the trade fair wiémiarkable media coverage.

A final project video was produced to document itssdemonstrations and future use of
the project’s resultdittp://www.SMErobot.org/15_final_workshop/#final_film
Demonstrator-specific video films showcased resalpplications and future use of
robotic technologies in specific applications ananches.

The first project video, called “Coffee Break exptathe project’s aim and approach in
an entertaining way has been received with greatess in education and industry.
http://www .SMErobot.org/download/#video

An abundance of results in the technical workpaekags elaborated by the partners, examples

being:

An all-new robotics system based on parallel kinezeaasimultaneously combining the
advantages of high stiffness, low cost and modwylari

Modern plug-and-play technologies to replace compbbles and wires
Safety systems and solutions for safe human-raitetaction

Easy, automatic program definition with or with@AD data using speech, 3D graphics
or programming by demonstration

New high-density servo-actuator, professional joatits as well as variable-stiffness
joints

3D modeller scanning and modelling objects in 3&l-tene

New MEMS-technology-based force/torque sensor fior@able force measurements
and low-cost mass production
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» Flexible grasp technique and robots using convaeatimanual tools
» A computerized life cycle costing tool for costiagd profitability assessments

* A SMErobot™ toolbox with self-explanatory training modulesiarhecklists that
support the development and implementation of gwe generation of robots.

For all four demonstrations, partnersviErobot™ worked out a common specification scheme
including technical, economical and ergonomicalmements. In a further step, the integration,
set-up and evaluation for their evaluation proeesSME environments was specified.
Demonstration partners at both end-users and syistegrators levels were selected and invited
into project. The realisations of the four demaatsbins (D1 to D4) proved the value of the novel
robotics concepts in real small and medium-sizedufaturing environments:

D1: Intuitive instruction of fettling of castings for the foundry. The demonstrator installed at
Castings Technologies in Sheffield was based amgptetely new robot concept that makes
high-performance robotics affordable. The pateiriadvation behind the new parallel
kinematic structure is the asymmetrical clusteohthe links in the arm. This design
provides a large accessible workspace and lightweign system together with high
stiffness and accuracy. In the fettling applicatitm robot was designed for heavy-duty,
low-speed process, but it can equally be adjustgbtform high-speed applications such as
laser cutting, water-jet cutting, gluing and matkehandling. The new parallel kinematic
structure provides a large accessible workspacdigimaveight arm system together with
high stiffness and accuracy.

D2: Fast installation and small batch size production change. The robot work cell at
Hirschvogel Umformtechnik performs a very commasktat SMEs: chaotically stored
workpieces in bins need to be gripped and placednrachine tool. Based on a point cloud
of the bin, captured by a 3D laser scanner, th&ipnsand orientation of several objects and
gripping points are calculated. In order to setketbest workpiece for picking, all the
possibilities are checked with regard to poterd@lisions with other objects or with the bin.
Modular control architecture also allows fast adéiph of the robot cell to new tasks. New
devices, such as grippers, can be easily integlatedmbining and parameterizing
predefined operations.

D3: The SME welding robot. New teaching methods, sensor integration anéjghgeal user
interface are the main building blocks of the "Ihe¢ Programming" robot cell at Treffler
Maschinenbau. Using force-torque control, the rabguided manually along the desired
path. The worker specifies the relevant points wetipard to weld position and collision-free
movement. Intelligent algorithms generate the rglsogram automatically. Another
example of programming by manual guidance is therker’s third hand” application. In-
built sensitivity allows the worker to guide théoai safely and accurately through the
workspace. Its sensitivity makes the robot actiwagnpliant, which allows the execution of
difficult automated assembly tasks and makes isiptesto recognise unwanted collisions.
Easy-to-use interfaces enable the robot contradlenemorise precisely a sequence of
actions, including start and finish positions, robmvements and tool commands.

D4: Automation of manual woodworking processes. The woodworking assistant at
Schreinerei Som has been designed to carry ouietyaf woodworking tasks at this small
joinery business. With its tool adaptor for holdegange of different manual tools, the robot

SMErobot™: Final Publishable Activity Report Page 6 of 24



T &®

rob ol

is able with great flexibility to carry out a vatyeof tasks, such as milling, drilling and
spraying. Operation and programming of the robdlyisneans of an intuitive man-machine
interface, which includes graphics- and speechébagrit as well as intuitive robot
guidance using a 6D mouse. The robot can also lvedno different workplaces by forklift
on its flexible base plate.

The benefits of &Erobot system for its end-user depend crucially on hosvstystem is
integrated into the end user’s business. That s SMErobot also addresses socio-economic
aspects with a range of supportive decision-ma&mdjtraining tools. For SME end-users,
developers and system integrators as well as didests and trainees tB¥Erobot Toolbox

was designed. It contains a broad array of webebaeractive training and education modules,
instructions and checklists for creating a widewlsalge base on the implementation, use, and
development and implementation®fErobot systems.

The SVIErobot Toolbox also provides end-users with a traininglole — Human-Centered
Automation Assessment — with which they can asessimplementation strategy for a robot
system.SMErobot also offers a range of tailored business and &Gmgnmodels within an

intuitive, yet powerful life-cycle costing tool f@valuating the economic benefits of a new robot
system. The software delivers a reliable compareddhe costs and benefits of different
financing models or between using a robot and vimgrknanually.

The project aimed to access the create awarendéiss potentials of robot automation by
reaching out to end-user industries through “SMByzaigns” to get pioneering companies
involved to contribute to specifications and edrigls of demonstrators and prototypes.

Through a newly formed European Economic Interesu (the SMEEIG), companies
(suppliers and end-user) could flexibly join thejpct activities. All industry partners involved
in the project’s workcell demonstrations enteresl SMEEIG. Furthermore, some 40 industries
have expressed their interest and support in thiegirby entering a SME pool.

The Consortium’s size required effective leadersim@ communication:

* The project infrastructure (web site, mailing systeomputer supported cooperative work
platforms such as BSCW and the internal websiteygut highly effective for the day-to-day
work.

» Continous media work and public relation contriloute the project’s high visibility and
effective dissemination to suppliers and end-usaustries.

e A quality control scheme has been establisheddoh @vorkpackage allowing quick
assessment of the project’s overall standing.
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End results / Project objectives / Achievements / Bthodologies and approaches

SMErobot's mission has been to develop the technologiesamgponents for a wide spectrum
of advanced yet low-cost and easy-to-use roboticnaation systems. Being productive calls for
a combination of flexibility and cost-effectivene3$ierefore, th&VIErobot consortium has set
itself three ambitious innovation goals, which wkmenulated in three “Thrusts”:

* The Robot Capable of Understanding Human-Like Urtstons
e The Safe Human-aware Space-Sharing Robot
* The Three-Day-Deployable Integrated Robot System

The innovations were grouped into six researchtaddanology-oriented workpackages (R1 to
R6). Results were integrated into the four dematmtrscenarios in different applications (D1 to
D4). Further innovation related topics addressedptioject’s educational and training goals
(workpackage TE), socio-economic challenges (ISEI&X), and standaridization issues
(Workpackage STD).

WP R1 “Shop-floor suitable devices for intuitive rddot interaction”: In the first project year,

a detailed state-of-the-art analysis of existirtgraction devices was performed. The analysed
devices were rated taking typical tasks and pr@seas well as use cases of SMEs into account.
In the second year, R1 was mainly dominated byempintation work for new human-robot
interaction devices improving the approaches froenfirst period. This made many different
devices available, e.g. new devices for jogging @merating the robot as well as several basic
technologies for building innovative interactionvies have been realized, e.g. Force-Torque-
Sensors, wireless communication, a safety modudebasic algorithms for speech and gesture
recognition.

During the third and fourth project year, the foaushe Work package R1 was on the realization
and optimization of the input devices: New handleléad through and speech interface in D1,
Safe Game Pad in D2, Teach Wand in D3 andFlybook in D4. This work was mainly performed
locally (single partner/bilateral). Besides the kvon the devices, KUKA and Reis detailed the
specification of the vendor-neutral device inteefand implemented first commands on their
controllers. These devices have been also inteynate the demonstrator or demonstrator-near
test beds. One focus in the last few months has theeevaluation of the devices. User
acceptance was tested by performing user testssara workshops. The following devices

were developed: New handle for lead through anddpaterface in D1 and D3, Safe Game
Pad in D2, Teach Wand in D3 and Flybook in D4.

WP R2 “Intuitive task and motion definition”: In the first year, partners worked both on the
theoretical background (state of the art, interiamecepts), and on first implementations in test
beds of the addressed programming means — spedgesature, manual guidance, production
data and high-level programming. In the second,yeaults and experiences regarding speech
interaction, programming by demonstration and CA#® programming, focused on the use in
the later demonstrations 8MErobot, were created. In the third year, work mainly déth the
integration of the components into the demonstranor AUTOMATICA exhibits.
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In the last year, the results of the R2 work paekagre demonstrated at AUTOMATICA in
Munich, the different demonstrator workshops aredfihal event in Stuttgart: programming
methods based on demonstration, sketches, sped@pplication sheets enabled 8MErobot
exhibits to be programmed in an intuitive way asafle for SMEs. The highlights of the
spectrum of results consisted in the AB&d-Through Server, the COMAU and ITIA manual
guidance device, th@mart User Interface for welding applications realized by KUKA, the Rei
Application sheet and sketch editor, the Rinagiate to offline programming, the DLR
interface to th&D-Modeller, theService Oriented Architectures (SOA) by ADDF, the
ontology-based man machine interfaces by LTH aedrttuitive programming by

demonstration robot cell by IPA.

WP R3 “Physically harmless and low-cost kinematics”In the first year, suitable kinematic
models were developed for a new-patented paratiehkatic robot with large work space in
relation to its foot print. These models were imnpémted in virtual robot prototypes and as a
physical pre-prototype to control in both joint-da@artesian coordinates. In the second year,
experiments and simulations were performed withistohs between robots and dummies. The
light-weight drive units for the wrist in the D1lyot have been assembled and tests were running
with promising results on torque to weight ratidieTdesign of the D1 robot became ready and
new components were tested on a first prototypehe third year, the virtual prototyping of the
D1 robot and the design of the robot and the desighe arm system of the D1 robot and the
arm system were finalized. A servo actuator forubke in the modular wrist of the D1 robot was
designed and manufactured.

In the fourth year, finite element crash simulasityave been adapted for the experimental setup,
verification and calibration for future computatsof he partners analysed the worker's third
hand application presented at AUTOMATICA with resipt® safety aspects. Further
development was made to increase the performante dfrake and the capacitive encoder of
the Servo actuator used in the wrist of the D1 P{Rdrallel Kinematic Machine) robot. In total
seven servo actuators were manufactured. The dewelat of the joints for the PKM robots has
continued and a new set of joints was designedraartlifactured for the desktop PKM used for
testing of new actuation- and control conceptsedv high stiffness guide way system was
developed. It consists of roller blocks and railse F1 PKM was developed using the same type
of linear guide ways as for D1. While the D1 hasrbequipped with a serial wrist in order to
increase the number of degrees of freedom (DOpyyallel wrist concept was developed for F1.
The Tabletop Tau PKM robot was enhanced. Dual motor actuation, legar guide ways, new
joints, new carbon wrist platform and new framewaske worked out and integrated. The D1
robots have needed substantial work including sarvdevelopment, system configuration,
servo loop tuning, force control tuning, lead thgbwserver installation, safety equipment
installation, robot programming and training of mgers. Demonstrator assessments were made
with very good results. LTH developed calibratiaftware for the D1 robot. The force control

for lead through of Demonstrator 1 was further di@yed, comprising a 6 DOF force/torque
sensor, tool identification functionality, a newets handle and an 1/O interface for process
tools. A new concept expeimentally validated far étastic element unit in the variable stiffness
joints. Further development of tiEMS 6 DOF Force/Torque Sensor was optimization of the
deep reactive ion etching process, fabrication afiews, design and manufacturing of new sensor
electronics and development of new software.

WP R4 “The safe & productive robot working without fences”: During the first year, major
results concern the definition of a new safety ephcamed Collision Avoidance Object and the
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specification of functional and technical requirerseof safety sensors focusing on, respectively,
capacitive sensors, 3D-Time-of-flight visual sess@D-multisensory device (3D Modeller) and
F/T sensor. In the second year, the prototypeeBi-Modeller regarding the development of
safety sensors had been completed. Furthermonanutg sensors and human and robot
detection and tracking algorithms were improvedtheference to collision avoidance, a
template for the logic control of the robotic woekand investigated in simulation strategies
based on artificial potential fields was proposed.

The third year’s activities were addressed esggarathe improvement and assessment of the
sensing systems and collision avoidance stratelgiesloped so far. Several test beds were
realized for this purpose. New algorithms for auatically obtaining models with shape
variation for unordered point sets, and for tragkif multiple humans by using multiple images
coming from standard surveillance cameras wereldpgd. Many experiments have been
performed using a test-bed made by the actual ralbmbving virtual operator (i.e. a dummy)
considering both static and moving obstacle.

In the last year, “Integration of sensing and radmoitrol and set up for test beds for safe human-
robot space sharing” were finalized. In this tdsleé¢ different topic were addressed: first, the
integration of “safe sensors” in the supervisionhaf cell in order to have safe robot working
without fences; second, the definition of conttodtegies of the robot in order to achieve a safe
behavior of the robot with respect to human operataol/or moveable obstacles; and third, the
integration of sensors and algorithm into test bé&dthe last year of activities, efforts were
spent both in the further investigation of the tie¢ical aspect and in the in the definition and
exhibition of the results achieved at the AUTOMAR@ir in Munich. The algorithms, the
surveillance system and the robot were integratete version developed for AUTOMATICA

of the Demonstrator D2. The collision avoidanceathms were modified to allow an easier
implementation in industrial set-up.

WP R5 “Mechanisms and architecture for ‘plug-and-produce”. In the first year, The SME
end-user requirements were collected and the surfvayailable technologies prepared.
Different industrial communication technologies gmdtocols were investigated. An evaluation
scheme for finding the "best" real-time communmatbus was specified. In the second year, the
plug & produce concept has to be considered arehdrd to the production phase, so that we
could claim that the systems are semiautomatic ey are deployed and operated. For input
device (PDA, WebPad, PC) has been defined a priotaroed External Device Protocol.

In the third year, efforts were sepnt on the eviadmeand improvements of XIRP-basehlig

and Play (PnP). On lower level of communication, academid gesearch partners have
assembled an EtherCAT PCI-board which will be Usedhe deterministic, real-time PnP-able
slave interconnection i.e. sensors, drives, cdet®l Several implementations of the mechanical
interfaces between manual tools and the robot amgre completed. On the same topic, the
RFID for informing theLight Weight Robot about the physical properties of commercial tools
was introduced.

In the last year, all the partners have positivelgtributed to reinforce and complete the PnP-
scenario. First results were showcased during thE@MATICA 2008 fair, where the cell
controller, sensors and actuators had been insynategrated. The cell controller was a PC
communicating on an Ethernet network where diffepgatocols were implemented. The device
connected had a server or a client for implemerttieg”lug and Produce. A user-oriented
interface was available for programming the prosesgiences in the cell. On October 2008, the
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demonstrator D2 linked to R5 has been duplicatédeaénd user site for proceeding with
development in our laboratories and having a esdlltench in a production environment.

WP R6 “Robot task generation based on product/proces data”: During the first year,
calibration of models was crucial and has beercag@rea. Both a survey of existing means and
development of new devices and methods were adhidweo test beds were specified to
illustrate the different research topics, givingoatext for innovations and a way to
communicate to SMESs. In the second year, integnagedases which show the present work
including prove of concepts were in progress ne¢atdo automatic task programming, calibration
and sensors. Generation of task programs use seffaaprocesses arc welding and grinding, a
demonstrator focuses on sensors, calibration amidlweodel reconstruction. In the third year,
the work moved the focus from fundamental issugbéantegration into test beds and proof of
concept.

In the last year, the main objective was beentegiate the Rinas task level programming in
demonstration site solutions. The first was denratest at the&SMErobot workshop at KUKA in
March and the latter was demonstrated at the Skdrobot event at IPA in May. Both
presentations had a very positive response fromtguAs planned, the demonstrations showed a
seamless workflow including SOA based automatiti@stration of services, integration of
partner contributions, as well as automatic taskllerogramming of collision free robot
programs with integrated fine calibration and weddprocess. The controlled components
included a laser distance scanner and a 2-axispmiator. Results based on sensor-based
registration and related support for task genemadiod programming was concluded. The 3D-
Modeller functionality was verified with test orettightweight arm for scanning of objects and
reconstruction of CAD models of objects. The 3D-Mlbel was also integrated to the robot for
task programming support demonstrated in D4.

WP D1 “Intuitive instruction of fettling castings for the foundry”: The objective during the
first year was to establish the requirements framsex point of view related to the use of
robotized fettling including a PKM robot structuaed also the new technologies that will be
developed to make integration and use of the rohath easier and intuitive. In the second year,
the specification of the demonstrator was definadl @oject started the focused research for the
targeted application. There is a good understanfdinthe needs and requirements from the
foundry business and the transformation from thez needs was done in order to create a
platform for the new technologies to be testedhénthird year, the final design of the D1 robot
and cell was ready and the robot, the wrist drivelates and the grinding tool were
manufactured. Several components and several pasieee involved in the manufacturing, the
assembly, the system integration and the softweveldpment.

In the final year, the D1 PKM and IRB4400 robotgevmstalled in the foundry area at CTI,
Sheffield to form a burning and slitting/grindinglic This work included software development,
system debugging, actuator configuration, systenfigoration, servo loop tuning, force control
tuning, lead through server installation, safetyipment installation, robot programming,
training of operators, and extensive tests of kgftslitting, and grinding operations using lead
through programming. The processing operations waneed out on carbon steel and titanium
castings using the developed end effectors to peocastings. The automated oxy-fuel cutting
process achieved by the robot gave 80% reductiomaterial removal and completely removal
of an additional operation from the production eyétor the slitting operations a head removal
time of 7 minutes was obtained, compared 15 minfetea manual slitting with the same
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quality. All involved in the tests of Demonstratbwere confident that the presented automation
concept is the fettling solution that the castindustry has been waiting for. A cost effective
analysis was made which showed that it was posgildbtain a pay-off time of less than two
years for the demonstrator concept. Due to thelrapcoming economical crisis starting during
2008, neither ABB nor Gidel could precede the dgyekent towards products. Some of the
development will instead proceed in a Swedish ptojgth government support (project
ProFlexa sponsored by the Swedish Foundation fategfic Research) and the PKM robot
concept will be studied for aerospace applicatimn8oeing and the University of Deakin in
Australia. In addition, Hexagon/Leica, Siemens B#&G have started investigations of the new
PKM robot concept.

WP D2 “Fast installation and small batch size prodation change”: In the first year, the
appropriate demonstrator scenario had been condpketmall company that produces small
metal parts that requests to be able to switclewo families of products or between different
batches. In the second year, the activities had beecentrated on the improvement of the
current specification dBiMErobot Demonstration D2 (Plug and Produce / bin pickingathine
tending) and the evaluation of a possible alteveatin other sector, such as a small mechanical
workshop of a goldsmith or the food industry. Ie third year, the activities were mainly
focused on WP R5 and in the linked demonstratorD¥2PA good result was the convergence
between partners for adopting the XIRP protocoloTest-beds were included in this
demonstrator D2: a SMART NJ1 robot for developimg Collision Avoidance test-bed of WP
R4 and the SMART NHS3 robot for the bin-picking aXlRP communication for the test-beds of
WP RS.

The major activity during the fourth year has bdenpreparation of Demonstrator D2 in two
versions. A first version, which presented new tyadencepts, was installed at tBelErobot

booth for AUTOMATICA 2008 on June 2008 and a seceexsion, more oriented to a real shop
floor was installed at the end user site of Hirggel in Denklingen (Germany) on October
2008. These two versions run in parallel in Stuttgathe Fraunhofer IPA facilities and at the
end user site for constantly improve performandéaeut disturbing the customer production. In
this cell has been integrated the RTD contributivosm WP R5 about the Robotics Plug-and-
Produce, from WP R4 for the Collision Avoidancettgy and from WP R1-R2 for the intuitive
programming devices and the programming by demaiistr.

WP D3 “Robot assistants as multi-purpose tools”In the first year, detailed analyses of
several SMEs were performed to select and speniyop more appropriate demonstration
scenarios for Thrust 1. It had been decided thihgeup multiple demonstrators would be most
beneficial for the involved SMEs. Each demonstratas motivated by a specific SME use case
and integrates a subset of all developed functimeslithin SVIErobot, thus leading the way
towards truly useful robot assistants for SMEs. $&eond year was dominated by discussions
between KUKA and their prospective system integsaémd end-users. Two system integrators
(ZS Automation and KINE) and two end-users (Trefled K.MET) were finally selected. First
hands-on experiments were gathered with traditipnragramming methods and helped the
partners to incrementally improve the robot systemventually become a flexible robotic
welding assistant. The third year was dominatecefiying and implementing the detailed
specifications of the D3 demonstrators that weigirtally developed in the previous year. Two
end-users (Treffler and K.MET) and three systeragrdators (ZS Automation, KINE and MRK,
a third party of KUKA) as well as the research pars have been working hard to integrate the
project’s RTD results into test-beds and demormtsat
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In the fourth year, two robot cells, “The SME WarkeThird Hand” and “5 Minute Robot
Programming”, have been pushed for showcasing tte’U TOMATICA 2008. At the
beginning of the fourth project year, the initiabot cell set up at the Treffler site was stilldise
as a vehicle to obtain requirements and test dem@shands-on experiments based on
traditional programming methods. Later, severaluatéon sessions at Treffler, KUKA and IPA
took place to rate the technologies to be integratt® the final demonstrators. Similarly,
K.MET was feeding the D3 integration work at KINEwtheir requirements. Due to resource
problems, KINE could only set-up a demonstratoedas image-based programming of
welding steel grids towards the end of the projatitdemonstrators and test-beds were
eventually evaluated during workshops at KUKA, Tiegfand KINE which where attended by
several companies interested in robot welding. firie exhibition of the two main D3
demonstrators took place at the project assesserfinal presentation workshop. The
feedback to the live demonstrations and the twegirations of D3 material and videos was
overwhelmingly positive.

WP D4 “Robot assistant for a woodworking facility”: In the first year, the main work
comprised the definition of the scenario in thel@ggion area woodworking. To achieve this,
different partners visited several companies warkimthe area of woodworking.

In the second year, the detailed demonstrator Bpetcdon was one of the major. An
“Information Day” for SME companies at the Germasaciation for companies from the wood
and plastics sector (“Fachverband Holz und Kunftstessen”) was held on January 26, 2007.
The major topic during the third year was the indtign of devices and modules into
demonstrator D4. One major integration topic wasitibegration of the DLR 3D Modeller into
the Reis robot control and demonstrator D4. Funtioee, planning activities to prepare the
exhibits for the booth at the AUTOMATICA 2008 FairMunich in June were continued during
the reporting period.

In the fourth year, major activities were relategtepare the exhibit and to present the exhibit
on the common booth at the AUTOMATICA in June 20R8is participated with an exhibit
related to demonstrator D4 called “Woodworking Atant” that was used to demonstrate a
subset of demonstrator D4 functionalities. Majdnattes during the final project phase were
the finalisation of the Application Sheets and 8ketch Editor and their integration into
demonstrator D4 as well as evaluation and optinaisdhe user interfaces together with end
users. Two D4 workshops to present end evaluateetilised research work related to
demonstrator D4 were held together with potentialesers in January 2009. During the Final
Workshop, demonstrator D4 was presented by a spe®th practical demonstration.

WP TE “Training and Education”: In the first year, the training activities aimedinly at
supporting the processes of technology developnmaptementation and testing of prototypes.
First pilot trainings to support the manufacturansl researchers in identifying use-cases were
developed and conducted. The second pilot trainvege “technology analysis and evaluation
through user participation”. In the second yeatiydies focused mainly on the co-operation
with a vocational school and on pushing the SME g@aign. Both activities aim at
disseminatingMErobot knowledge among future “customers” that will stlate a demand on
SME suitable robots. In the third year, activittegcentrated mainly on the co-operation with
the project partners, accomplishment of workshojierviews with developers, system
integrators and SME end-users as well as the bffiusf Training & Education related topics
within the project and the scientific communityioat and Europe-wide. Regarding to the
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AUTOMATICA 2008 Prospektiv’s actions focused on thevelopment of th&VErobot-
toolbox.

In the fourth year, one focus of activities was pheparation and implementation of the
AUTOMATICA booth exhibits. In this context parti@r relevance had the further completion
of Prospektiv’'sSMErobot™ -Toolbox and the programming of the tabletop PKiviteaching
purposes by LTH. Another major achievement in tborting period has been particularly the
evaluation of th&dVIErobot demonstrators. An appropriate concept to evaliraesability and
user-friendliness of the demonstrators was develape implemented in several workshops
with SME end-user groups. Furthermore — among atheous transfer activities — over 100
German vocational schools were contacted to preserdevelope@MErobot™ -Toolbox.

WP IDS “Dissemination”: One of the highlights of the first two reportingays was the
completion of theSMErobot™ video. The consortium produced and distributeal ttmousand
DVDs to carry theSMErobot message into the world. In the third year, deaisias made to
present important project results on a joint baitthe ATUTOMATICA 2008 trade fair in
Munich on June 10 to 13. While preparing the AUTOMBA 2008 event substantial press
material has been completed and distributed. litiadda SMErobot fair flyer was designed. To
support the overall PR activities of all projecttpars a digital press package with a various
number of videos, texts and images was completed.

The last year, multiple dissemination activitiesl lerge impact: The project presentation on
AUTOMATICA, Europe’s leading robotics trade fain June 2008, and its 13 exhibits met with
very positive resonance from press and visitorseAes of workshops for each Demonstrator at
end-user sites in early 2009 gave important feddbaend-user level. Ultimately, the Final
workshop represented all final results on May 2689, in Stuttgart. In addition to the Project
Video “Coffee break”, a Final Project Video showibd demonstrators in real environment.Due
to intensive PR work, online traffic on ww@8MErobot.org was extremely high during the three
months before and after AUTOMATICA as well as foe tast project months (e.g. during the
time of the Demonstrator Workshops and the Finatkétoop).

WP IPR “Intellectual property rights”: Partners filed intellectual property rights mostthe
first two years of th&MErobot™ project, the service of the work package IPRb&en set up
and adjusted. One example for this service is ¢ttdesnent of IPR matters in combination with
the MEMS-force torque sensor with satisfactionlbpartners. ProSupport, GPS and IPA
provide mediation in the case of IPR problems. Bation lines have been active in the whole
project period.

WP ISE “Socio-economics”:In the first year, interviews in Italian SMEs we@nducted in

order to assess SME’s requirements regarding flexabd save robotic solutions as well as their
demand for new business models. Moreover, techrégcahomic and social impact indicators
were developed and new indicators for estimatimgsthcio-economic impact 8MErobot were
added. In the second year, one of the major acimerts was the conduction of 17 interviews
with SMEs in different European countries. Baseduwther interviews with robot
manufacturers and system integrators new businedsiswere designed and evaluated. In
addition, data of the German Manufacturing Surv@y3®was analyzed concerning the current
use and unused potentials of robots in German raatwrfng companies. First estimations on
how the new technology being developed in the fraff@IErobot is supposed to influence
social, technical and economic indicators have loeseloped. In the third year, seven interview
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sessions with robot manufacturers and system iatieigr were conducted in Germany, Italy,
Sweden and Switzerland. The goal of these inteiwi@as to capture robot manufacturers' and
system integrators' range of industrial servicésretl as well as the experiences made with
these offerings. Moreover, in case that servicestwivere identified as important in the
interviews with SMEs were not provided, possiblesans for the lack of these services were
investigated.

In the fourth year, the partner realized three maghievements. First, the results of the
interviews about new business models conductedmiibt manufacturers/system integrators
and SMEs are presented in deliverable D ISE 3 auntathe development and evaluation of
new business models for robot industry. The se@mhievement during this period was the
realization of 482 telephone interviews in six stde European countries about the potential of
the robot technologies developed in the fram8\dErobot. There seems to be a large potential
for the developed technologies. Third, the socioreenic impacts of the implementation of a
robot for SMEs have been assessed at all four detnador firms, with nearly consistently
positive results.

WP IEX “Exploitation”: In the first two years, a draft version of an éxuased tool to
calculate life cycle costs (LCC) of SME suitabléots was developed. The LCC-tool not only
supports SMEs in their investment decision whetinarot to purchase a robot but also serves
robot manufacturers and system integrators in pgjrdut advantages of implementing a
SMErobot system. Furthermore, a questionnaire for condgdtiterviews with robot
manufacturers and system integrators on innovatinggness models were developed.

In the third year, the life-cycle costing tool washject to major refinements and extensions.
Based on feedback gathered in internal workshbjestaol was upgraded. Additionally, a
workshop concept for a multiplier workshop was deped. The workshop aims at presenting
technical and non-technical project results tosfaninstitutions.

In the last year, the life-cycle costing tool wabject to more refinements. Based on feedback of
system integrators, the tool was upgraded. A tmobaEsessing the developed business concepts
has been developed. It has been exemplarily téstelde business model “ramp-up assistance”
where the perspectives of both the customer angrthader are considered.

WP IST “Standardization”: In the first, a first survey of ongoing standaedion activities in
the robotic area was presented and discussed WigiTepartners during the first project year.
All ongoing partner activities concerning standaadion are monitored, reported, summarized
and discussed by the involv&8WErobot partners.

The following actions were pursued throughout thenplete project runtime and completed
during the final year: 1.) Participation of the oblnanufacturers in ongoing standardisation
activities concernin@VIErobot issues and 2.) Checkir@ylErobot activities concerning
standardisation possibilities and introducing theradequate standardisation bodies.

WP MA “Management”. The project management administrated financialfrectual, IPR

and other legal matters, steered the reportingnamatored and updated work plans through out
the project. Partner GPS operated the projectegficheduled meetings, moderated and made
local arrangements as well as implemented a mofirtpal) board meeting of the

Management Board. The project office provided comication services like preparation of
agenda and handouts, taking minutes, or provisihnaaintenance of communication
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infrastructure, as well as implementation of preessfor communication and collaboration in
virtual meetings. Establish quality control scherfiem beginning on partners have made
valuable experiences with, e.qg., traffic light regppdeliverable peer review, open and
anonymous feedback loops at workshops, presensatienearsals etc. Regular project internal
reviews, particularly before annual review (“retszdi) for possible re-planning of work, were
all part of the quality assurance. The project nganzent stressed proactive measures such as
defined partner roles, measurable deliverablesjlddtproject plans and contingency plans on
all levels to ensure highest quality in the projsotk.

Impact on industry and research sector

SMErobot has become a synonym for a joint European effiyrt®obot automation industries to
give new impetus to the introduction of robot tezlogy in small and medium-sized businesses:
An entirely new, modular and interactive generatbnobots which, in addition to being quick
to install and easy to operate, will also help EkenEuropean SMEs more competitive thanks to
their cost-effective design. The project has besrsaunding and widely recognized success:

» To date robotics technology has been the resuigqpfirements motivated by the
automotive industries’ productivity and cost ne€lise project has motivated the
development for automation equipment for non-autoreandustries badly in need for
strengthening their competitiveness. Through exterublic relation, showcasing
results, publications, trade fairs, éMErobot has become a synonom for a strong vision
and mission towards competitive small and mediwmadsimanufacturing and innovation
driven suppliers.

» Pilot trials in small and medium-sized enterprigem the fields of casting, mechanical
engineering and metal- and wood-working were usgatdave the innovation potential of
the technologies and applications. Numerous stdehgroups took part in the trials
with mostly positive feed-back.

e ltis undisputed that SMErobot contributed sigrafdy to the innovation lead of robot
automation suppliers.

* European industrial robotics research has beeraé\y this project

The project has established itself as a brandmadkhas received highest recognition and
reward from robotics research, robot equipment benspand particularly end-users of all
domains and sizes. The Consortium has very mudyedjthe project in all its facets: research,
demonstrations, reach-out and networking. The wadety of results, both in terms of
knowledge, demonstrators, prototypes and softvaanis have to undergo the typical product
life-cycle following the project runtime: from pr@mpetitive products and services towards
innovations for the benefit of a European autonmasiopplyindustry and end-users:

* Inthe short term, it is estimated that especisdiffware-related components will reach
marketability. These products out of SMErobot reseavill be: robot safety controllers,
teaching by demonstration, shop-floor-suitable $athon tools, life-cycle costing tools,
SMErobot Toolbox (teaching, training), object déimt and identification (bin picking).
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* In the midterm, component-oriented results are ditbgeach market maturity levels
such as high-performance drives, force-torque-ssnparallel-kinematic designs,
integration of novel interfaces in robot instruatisuch as voice, pointing, plug&produce
networks and optical sensors for active safety toong etc.

» Larger systems such as novel kinematic designSMEs, variable stiffness robotic
arms, will reach maturity levels in the long term

Photos of the project work

For further photos and high-resolution files, pteassit the project’s Electronic Press Kit:
http://www SMErobot.org/press/

Figure 3: The Worker's Thrid Hand Figure 4: Rigramming through Manaal idance and Graphicél PoBrocessing
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Figure 7: The Safe and Productive Robot Working withdeences Figure 8: Safe Human-Robot Interaction
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Figure 9: SMErobot Toolbox

Figure 10: Tabletop PKM / Tau Robot
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Figure 21: Grinder

Figure 25: Impression from Automatica 2008 (1) Figer26: Impression from Automatica 2008 (2)

SMErobot™: Final Publishable Activity Report Page 20 of 24



’

, )
ﬁ\;/
) pa

Figure 27: Impression from Automatica 2008 (3) Figu@s: D1 the oxy-fuel cuqfting rbbot
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Figure 31: D3 welding tests

Figure 32: Master Join8om guiding D4
Website

For further information abol@MErobot, please visit:
www.SMErobot.org
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Annex | — Publishable results of Final plan for usig and disseminating the knowledge

1. result
Name InTeach Programming Environment
Description An intuitive programming environment for industrial robots. The environment consists of different modules for

recording the trajectory, postprocessing and replaying, also for the integration of different modalities and sensors. Up
till now the programming environment has been implemented in two applications on Reis and KUKA robots. Speech
interaction and input devices like 6-D mice are available as modules.

Possible market applications or use

The programming environment is dedicated to users of robotic systems with small lot sizes, e.g. small and medium
enterprises, but also development departments. Application scenarios are in first case trajectory based movements,
e.g. arc welding, gluing, etc.

Stage of development

Research prototype, implemented in several robots

Collaboration sought or offered

Development collaboration

Collaborator details

The programming environment has to be developed from research to industrial strength software. A system integrator
with different customers in the low lot-size area would be the best partner.

IPRs granted or published 1.
Contact details Fraunhofer IPA, Christian Meyer. crm@ipa.thg.de, +49 711/ 970-1092
2. result
Name Visual Components’ 3DCreate 3.2
Description A new version of the simulation framework has been developed including the (applicable) development done within

the SMEraobot project

Possible market applications or use

3DCreate is the simulation development toolkit of Visual Components, a leading SME in the area of simulation of
manufacturing systems

Stage of development

Beta release, Final release scheduled by May 25th, 2007

Collaboration sought or offered

Guidance from robot manufacturers was sought for improving the simulation framework

1

Knowledge:means the results, including information, whethenat they can be protected, arising from phegject governed by thisontract, as well as copyrights or

rights pertaining to such results following appiicas for, or the issue of patents, designs, planieties, supplementary protection certificatesioilar forms of

protection (Article 11.1.14 of the contract)
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Collaborator details

The entire development was done in-house

IPRs granted or published

All copyrights belong to Visual Components.

Contact details

Ricardo Velez, R&D Manager, ricardo.velez@visualcomponents.com

3. result

Name

Visual Components’ 3DCreate 2009

Description

A new version of the simulation framework has been developed including the (applicable) development done within
the SMEraobot project

Possible market applications or use

3DCreate is the simulation development toolkit of Visual Components, a leading SME in the area of simulation of
manufacturing systems

Stage of development

Final release September 2nd, 2008

Collaboration sought or offered

Guidance from robot manufacturers was sought for improving the simulation framework

Collaborator details

The entire development was done in-house

IPRs granted or published

All copyrights belong to Visual Components.

Contact details

Ricardo Velez, R&D Manager, ricardo.velez@visualcomponents.com

4. result

Name

Final report on the user potential of the developed new robotic technologies

Description

Currently available statistics about robots do not differentiate between varying firm sizes. So there exists no
information if the existing robot technology meets the needs of small and medium sized enterprises (SMEs). This
study provides actual representative data of SMEs in six selected European countries regarding industrial robots.
First, the current robot use and (further) investment plans are depicted across countries, sectors and firm size. One
third of all companies already uses robots in their production, and 11 percent actually plan to install new robots.
Then, information about the reasons for not using robots is provided. In the last chapter the attitude of SMEs towards
the technologies developed in SMIErobot is illustrated. The features which were most interesting for the enterprises
were robots with an integrated collision avoidance system and robots which can be programmed easily not only by
robot experts but also by workers without specific knowledge. A concluding estimation of the potential use of
SMErobot technology gives a quite encouraging outlook of the future demand. About 6 500 SMEs will potentially
invest in this technology yearly.

Possible market applications or use

Estimation of potential users for robot manufacturers and system integrators
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Stage of development Final
Collaboration sought or offered Collaboration for estimation
Collaborator details Robot manufacturers helped to describe the technological developments
IPRs granted or published 1.
Contact details Fraunhofer ISI, Ute Weilfloch, ute.weissfloch@isi.fraunhofer.de
5. result
Name Report on the socio-economic impacts of the new robotics solution
Description The report depicts the socio-economic impacts of the developments of SVIErobot at the example of the four

demonstrators. Interviews about the social impacts have been conducted with a robot manufacturer or system
integrator and the end user and the Life cycle costing (LCC)-Tool - former developed in this project — has been
applied. For all cases the results are rather positive.

Possible market applications or use Estimation of the socio-economic impacts of the developed technologies for end users
Stage of development Final

Collaboration sought or offered Collaboration for the development of questionnaire

Collaborator details Interviews with demonstrator firms and robot manufacturers

IPRs granted or published 1.

Contact details Fraunhofer ISI, Ute Weilfloch, ute.weissfloch@isi.fraunhofer.de
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