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PJ PROFACTOR

Topics to be adressed

2 From EU funded research to Industrial Application

7 Robotic Co-worker Technologies development for
iIndustrial applications

2 Workflow-based robot process design and execution
7 Onboard process planning and configuration tools

72 Symbiotic human-robot collaboration for multimodal
Human Robot Interaction

2 SmartFactory HUB — an Interreg project related to 14.0
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P PROFACTOX’

PROFACTOR Profil

7 Austria’s no. 1 in applied production
research

7 Multidisciplinary team with 74 employees
7 Business locations in Steyr and Vienna
7 6 Mio. EUR turn-over (2015)

7 Since 1995 over 1,700 (inter-)national
projects in industry (1,360) und
research (350)
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PJ PROFACTOR

Research Area- Industrial Assistive Systems

7 Increasing the competitiveness!

7 Aim: to support human beings in a in a volatile, richly varied and
highly flexible production

72 Decision-making competence, knowledge and experience of workers
72 Precision, endurance, speed or the power of the machine

7 Intelligent Automatization for Mass Customization.
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Ergonomic Collaboration Human & Machine (LOCOBOT)

7 Initial situation
7 Reduction of “red” work places

7 Research approach

7 Solutions for practical division of work
between human and machine, which is
realizable with adequate use of resources

7 Results

7 Improvement of ergonomics through
development of assistant systems

2 Modular design of intelligent hard- and soft-
ware components (e.g. compliant robot arm)

2 Software environment for user-friendly
development of solutions and coordination
of component interaction
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Locobot's application development

Modeling application logic

- user-friendly workflow modeling environment (WME)
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Results — EuroNews Report
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Pd PROFACTOR

Robot Assistance - Idea

,A robot for every work shop”

Fast Setup Easy to use Fast programming

Versatile | | ]
Small lotsizes Ad-hoc usage

“lnterreg H
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Challenges for flexible robotic systems

7 Reduction of Invest
7 Cover a wide area of use

7 Shortest ramp up periods for on-
demand applications

7 Lower training, operating- and
maintenance costs

I terreg [ ]
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PJ PROFACTOR

A robot for each working place (each garage) - features

7 Movable, modulare Systems
7 Short Ramp up (few hours)
7 Modification in a few minutens

7 Process execution also by Non Experts using only one
Interface (HMI)

72 Communication / Data Input using an intuitive HMI
System with automatic functions

2 Adaptive process execution

anterreg
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P PROFACTOX’

Solution- Software/Hardware construction kit

7 Sensors & Tools

 GF = b

7 Robots (UR, KUKA, nn)

2 Control system (IPC,
PC) + Software

“lnterreg H
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http://www.mysick.com/eCat.aspx?go=FinderSearch&Cat=Row&At=Fa&Cult=German&FamilyID=404&List=1&Category=Produktfinder&Selections=49224
http://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiVrPnkgKrKAhXLBXMKHcW_C9sQjRwIBw&url=http://www.atlascopco.at/atde/products/montagewerkzeuge/1401319/&psig=AFQjCNHvRpx2431CjkphAz5XhRv2491lGA&ust=1452885054137230
http://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjy6-OE0IvNAhUJC8AKHQViA8IQjRwIBw&url=http://www.i-need.de/?Produkt%3D22498&bvm=bv.123664746,d.ZGg&psig=AFQjCNFANp2Z_2OSFYkBmuDTBZ8xQQ4cvw&ust=1465035323154197
https://support.industry.siemens.com/cs/document/43373865/simatic-ipc847c-ab-sofort-lieferbar?lc=de-WW

1 PROFACTOR'
XRob - Features

72 Workflow — based, intuitive und integrated process mapping and
execution in only one user Interface

7 Consolidation of existing Input tools of the sub components
(Robot, Vision, Tool, usw...)

7 Intelligent, semi automatic tools for process planning

7 Use of standardized IT Interfaces (TCP/IP, DIO, ProfiNet,...) — fast
Integration to the Enviroment

? XE EEEEEEEEE RoBOTS
ey k=
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XRob - Software Tool Kit

PJ PROFACTOR

[ XE OB Workflow -Manager
: Robotcontrol | Tooling control
i Safety control Interfaces
: 2D/3D-position detection Processsimulation
: Automatic path planning } [ 3D-Workspace scanning }
SRR
~ Cognitive Funktion
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XRob - Technologies

Tool kit for quick setup and safe operation

7 3D scanning of the workspace

7 Semi automatic creating of a
collision model

7 Inline - 2D/3D position
detection

7 Collision avoidance through
automatic path planning

XE MMMMMMMMM RoBOTS = ...Le['e”
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XRob - Technologies

Tool kit for quick setup and safe operation

7 Configuration all involved
components via a user
Interface

2 Workflow-based process

7 Process status and progress
mapping

XE MMMMMMMMM ROBOTS o
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1 PROFACTOR’
XRob

The Software system X Rob allows the creation of complex robot
application within a few minutes

p 8 Q

HANDLING INSPECTIONS

YOUR APPLICATION, JUST
ONE CLICK AWAY...

X

SCREWING
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I PROFACTOR
XRob - Applications

Screwing Assistant

PO

7 Screwing of covers and mouting parts on mobile workpiece holder In
the assembly line

© Profaciof ER

5t |

© Profactor GmbH " --.\T‘; X

R&D Project AssitMe BMW Steyr 2015

XR oB @ interreg ©

EMPOWERING ROBOTS Danube Transnational Programme
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Pilotsytem Flexible Screwing Station BRP Rotax 2016



http://images.google.at/imgres?imgurl=http://www.boomer5.com/images/bmw-logo.jpg&imgrefurl=http://www.boomer5.com/es/&h=758&w=764&sz=56&hl=de&start=5&tbnid=TbNKnh9gVrdN-M:&tbnh=141&tbnw=142&prev=/images?q=bmw+logo&gbv=2&svnum=10&hl=de&sa=G
XRob Automatica_v2.mp4

XRob — Anwendungen

Screwing Assistant

7 Screwing of accessories / Covers

© Profactor GmbH
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I PROFACTOR’
XRob - Applcation

Inspection Assitant — Flexible Quality Gate

7 3D-Inspection of des locking conditions of plugs and oil cover plates
(since autuum 2013)

© Profactor GmbH

10/ NIO Auswertung der 3D-Daten

© Profactor GmbH
0B
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Video/RobotischerPrüfassistent.mp4
Video/Step_6.mp4
https://www.youtube.com/watch?v=tS9RCjdEIBY
http://www.youtube.com/watch?v=tS9RCjdEIBY

I PROFACTOR’
XRob - Applications

Inspection Assistant @

7 3D Inspection of Plugs and Oil cap on the engine oo (A
VibroAkustik _Systeme \ !(\ 3 }(\ )

Audi

7 Acustic Testing System for vehicel body parts

J
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© Profactor GmbH 3 : £

Flexible Acustic Inspection Systems 2015 u

Pilotproject Flexible Quality Gate BMW Steyr 2013 u
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Video/RobotischerPrüfassistent.mp4
http://www.youtube.com/watch?v=tS9RCjdEIBY
https://www.youtube.com/watch?v=n5RzVSIi7M0
http://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj-u6bHmJLQAhWHrRoKHa_aDeEQjRwIBw&url=http://www.hdwallpaper.nu/audi-logo-wallpapers/&bvm=bv.137904068,d.d2s&psig=AFQjCNGDfj5bu6CaGgAw0oJRRH8kS81V9A&ust=1478455013545136

I PROFACTOR
XRob — Anwendungen

Assembly Assistent G\ st piten
7 3" Hand Support

Industriell. Integrativ. Innavativ.

WWW.PROFACTORAT & Thrommerees LEADING INNOVATIONS


XRob 3rd Hand Support.mp4

XRob - Application

Handling Assistant
7 Pin Picking (since 2009)

il !E

—— _SONDERMASCHINENBAU v

© Profactor GmbH
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http://www.ihtech.at/
https://www.youtube.com/watch?v=nrhXEqG014o

I PROFACTOR
XRob - Application

Paint Assistant
7 Painting of 3D-Objects addmanvu

A result from the
Austrian Lighthous

project addmanu
www.addmanu.at

Printing on 3D Surfaces

WWW.PROFACTOR.AT LEADING INNOVATIONS


Admanu.mp4
http://www.addmanu.at/

P PROFACTOX’

Research projects

7 Cognitive interaction- robot knows user requirements

XRDB “lnterreg H
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https://youtu.be/URfJUMNc9SY

P PROFACTOR
SYMBITETIC

Symbiotic human-robot collaboration for safe and dynamic multimodal
manufacturing systems
(SYMBIOTIC)

Early results and outlook for human robot symbiosis

=
=
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PJ PROFACTOR

Project Overview

The project’s final goal is to test and » JEC-61499 function blocks compliant
quantify the aforementioned four " Smart algorithms encapsulation
biectives in terms of = Adaptation via event-driven behaviours
0D) ' * Zero robot programming to end users
> Safety / Demo type: * Multimodal programming in real-time
' g ;:d‘:;mo Adantre Robet Human-Robot
T emo aptive Robo -
» Feasibility o pfive R Collaboration
> Intuitiveness - * - !
. * [ntuitive support S = - = » Location-aware
> Adaptablllty » Portal for end users 5 = Real World = » Task-specific
* Dynamic task 5 = R st % < = Multimodal approach
> planning/re-planning 79 = = " In-situ assistance
Scalablllty » Supervisory control _% E_ @ 8 % * Decision support
a = = N

SYMBIO-TIC Safe Active Collision Data type:
Three demonstrators: | Avoidance — e
isu
» Food-processing (Robomotion) : — Haptic
o * 3D models of structured environment i
> Aeronautics (Aciturri) = Point-cloud images of human workers

> Automotive (Volvo Cars) 4D [ wP7 9

Dissemination | Exploitation and Standardisation | Project Management

(i )

HILCIrey -

Danube Transnational Programme
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Project Objectives

Active collision avoidance for safe human robot
collaboration in real time.

— for positioning T~

Human-robot co-existing environment

a

T

Monitoring robot Making decisicn / Acquiring depth
via a 3D model taking action images of operator
Collecting current Calculating Detecting
robot position relative distance operator’s position

Dynamic adaptation to changes in the shop-floor environment
with zero programming for the robot users.

—
Feature based
Design System
sembly
Product Data { Features

—— Assembly

. eatures ) o~
Factory-Level @ @K E g:;aoblrlf‘(:j
Planning & Control t /B i AAAAA

Cockplt Fool and end]
effector

o
~
"m“"' Controller/PDA-Level - ?l:ggv
e Operation Planning

©)

J
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Adaptive task plan generation for robots and human
workers allowing collaboration.

Monitored area Monitored area

£ E

© Warning the operator a © Stopping the robot

Active Collision,
Avoidance

© Moving the robot back @ Modyfing the path
Monitored area Monitored area

{7 | A7

Instructions generation for supporting human workers
on what and how to do.

) AL wi] oone)
ECC: Execution Control Chart I\ ’
SYART RUN

Current location

Danube Transnational Programme
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Danube Transnational Programme

Smart Factory Hub overview
Presented by:
Christian Wogerer, Profactor

Project: Improving RD and business policy conditions for
transnational cooperation in the manufacturing industry

Acronym: SMART FACTORY HUB

Budapest, 20.09.2017

www.interreg-danube.eu/Smart-Factory-Hub

Project co-funded by European Union funds (ERDF, IPA)
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Why factories? Why manufacturing sector?
Global trends

What is Smart Factory?

Identified challenges

O®OO

About Smart Factory Hub project

Source:
https://www.bitkom.org/Themen/Digitale-
Transformation-Branchen/Industrie-
40/Perspektive-der-Arbeit.html

www.interreg-danube.eu/Smart-Factory-Hub

Project co-funded by European Union funds (ERDF, IPA) 29
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(1 Why factories?
Why manufacturing sector?

1HILCTITICYy n

Danube Transnational Programme

MANUFACTURING INDUSTRY

* main generator of RD, innovation, growth and employment;
* inall regions contributes the highest share to the total regional value added,;
* inaverage more than a 25% of service activities are directly linked to the industry,

* every 100 busiest jobs created in the industry create 60 to 200 new jobs in other industries.
* 80% of all private R&D investments is accounted for by industry.

INCREASING PRESSURE ON MANUFACTURERS to be more efficient and innovative in their processes.

The cause of this pressure:
1) increased production capacity in low-cost economies and
2) increased innovation and level of sophistication of supply chains in high-cost economies.

» Micro and small companies are facing problems with QUALITY STANDARDS (ISO 9001, TS, etc)
» LOW PRODUCTION EFFICIENCY (production failures, etc)
» |neffective production process,

» Problems with HUMAN RESOURCE management

www.interreg-danube.eu/Smart-Factory-Hub

Project co-funded by European Union funds (ERDF, IPA)
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in 3 years, the capacity and data transfer

Scale _ speed will be doubled
Mobility

Heterogeneity & Complexity
x4

Industrie 4.0: The next Industrial Revolution

J )

First
programmable
g logic controller (PLC),
First Modicon 084
production line, (1969)

First Cincinnati

mechanical slaughterhouses
loom (1870)

(1784)

s R
il O

Cyber-physical
Systems (CPS)

Complexity, Productivity

Tl

Values Value

3. Smart, connected product

4. Product system

2. Smart product
(“) (”) PLANTERS
1. Product ( )ﬁ( )
+ =
+ TRACTORS
oc.Is oc.Is
[ S =

TILLERS

www.interreg-danube.eu/Smart-Factory-Hub

Project co-funded by European Union funds (ERDF, IPA)



2 Global trends

Expacted guantitative benefit of Industry 4.0 applications
Cumulative off~~* iz = -mare fin relation to today)shars of respondante

Increase in efficiency

Cost reduction

>20%
11-20%
o-10%
B=17.9%
(2.3% per annurm)

In Germany, Industry 4.0 will generate significant productivity gains

Gross production

Productivi

Industry share in Germany (%) conversion costs (%)
Automative 22 10-20
Food and
e [ -
Mechanical
engineering
Components :| 6 20-30
Machinery :| 6 20-30
Wind* 1 25-35
Other 55 10-15

0 10 20 30 40 50 60 0 10 20 30 40

Total gross production:
€2 trillion

[] Additional productivity gains [] Range

Additional productivity o
conversion costs: 15%—25%*

Productivity total
manufacturing costs (%)

]

5-10

]+

10-15

9-12

e

[} 10 20 30 40

Total additional productivity
gains: 5%—8% or 150 bilbion*

Sources: Federal Statistical Office of expert i ; BCG

Note: Conversion cost = ing cost il

*Construction of wind parks is il in tower, and
additional net effect for sfacturing i ¥ to i y

Project co-funded by European Union funds (ERDF, IPA)
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INCREASED DEMAND
FOR SUPPLIERS !!!

Industry 4.0 will increase productivity in component manufacturing by 4-7%

Lever Comments Quantification (%)
Integrated Measure: Complete
manufacturing vertical (internal) and Labor 100
and logistics  horizontal (suppliers, cost| g5 75 -30*
processes customers) data
integration
e 100
Result: Frictionless reciati
reaction of manufacturing| DoP o 0O 120 [160 | 40
sgsetemslo changes in
the production process
Operating 100 @
cost| go m =30
Flexible Measure: Completely
small-batch  automated small-batch
manufacturing manufacturing Logistics 100 @
Result: Reduction of cost| 45 |55 -50
setup time and cost
Materials 100 (%]
Autonomous  Measure: Automated cost 100 ~0
consignment  logistics and consignment
T ks iw 2
ailures thro ia
discontinuity as well as Overhead 65 75 -30
consignment time
The sum of the levers drives a Total productivity 4%—T% of total cost
reduction of cycle time from increase in five to 20%—30% of
three days to one day ten years conversion cost
[ Today [Jindustry4.0 [JRange

Source: BCG analysis.
Note: Conversion cost = manufacturing cost excluding material.
Labor cost net effect is based on reduction and increase in the number of employeas.

www.interreg-danube.eu/Smart-Factory-Hub
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In Germany, Industry 4.0 will lead to increased manufacturing employment

Absolute development of employees Relative development
Thousands of emplovees p——
6,500 &% 2015-2025
Ce— 230 E:Eﬂ' Industry CAGR (%)

Mechanical 0.9

6,400 engineering
Food and
beverage 0.7

6,300 .
Automotive 0.2

15
6,200 50 I | Other 0.6
95
6,100 Return of production
ﬁ capacities back to
01 Germany
Em 5 F-:-nd and Other
ﬂﬁg everage .
Mechan cal Automotive Employees
engineering 2025

A significant shift in the skill profile is required to enable growth

sources: Fadaeral Statistical Office of Garmany; BCG analysis.
www.interreg-danube.eu/Smart-Factory-Hub

Project co-funded by European Union funds (ERDF, IPA)
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Technology platforms Government
Coalitions
fueling Indusf:y
Manufacturing ~ Consortiums
Leadership {i%?%'e'm o

UsA - -
Advanced G France Denmark Sweden I% Korea Industrial
m. . ellge
Manufacturing _rman i e = Internet

; ’
e L'usine de MADE Produktion Manufacturing [ ——

Industrial

Part:e[:ship futur 2030 2025 Innovation 3.0 Consortium Deve.lopmg
. eS] beds
The Connected Enterprise drive
(Integrated Control & Information: Smart + Productive + Secure) standards
loT grots

Security
Cloud, Network PLM
. CAD/CAE/3

. Mobile, .
Enabhng & Smart szi:zarl' D Printing
Adjacent sensors, etc o

Technologies 9’" i i Industry
. . ( > . 0 Standards
@lEEE m

The Connected Enterprise is in line and fits within each of these initiatives and is
k the ENABLER to achieve their visions- TODAY!

Our focus is oriented into SMEs!!!

1) NOVEL TECHNOLOGIES (improving efficiency, effectiveness, quality, flexibility, etc)
2) EFFECTIVE PRODUCTION PROCESS (applying industry standards, Lean manufacturing academy, etc)

3) EFFECTIVE HUMAN RESOURCE MANAGEMENT (effective system to motivate employees, monitoring
employee performance, etc)

www.interreg-danube.eu/Smart-Factory-Hub

Project co-funded by European Union funds (ERDEF, IPA) 34
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3 What is Smart Factory / Smart
manufacturing?

interreg &

Danube Transnational Programme

Smart Manufacturing describes the vision of what industrial production will look like
in the years to come. It is a strategy which promotes digitalization and
computerization of production with the strong customization of products under the
conditions of highly flexible (mass-) production.

It‘s about connecting data, machines, people and processes!

Automation High value
Information ¢l

a2

[

0o01ofo
0ojorvopIio]

Flexibilisation

bl |

Source: https://www.noser.com/2016/03/

www.interreg-danube.eu/Smart-Factory-Hub

Project co-funded by European Union funds (ERDEF, IPA) 35
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What is Smart Factory / Smart
manufacturing?

interreg

Danube Transnational Programme

Industry 4.0 levers
Smart Manufacturing objectives (% of manufacturers), EU Analysis v

Improve product quality 57.9% Smart
Increase speed of operations 57.3% Remote energy ntel
i elligent
Decrease manufacturing costs 57.0% mainte- consump-
Improve maintenance/uptime 46.5% l;iee;l-ﬁMe
Improve information for business analytics 11.6% mlzaﬁoln
Improve agility and responsiveness 41.0% Routing
Improve Information for production decisions 40.7% flexibility
Improve coordination with customers 39.5% Machi
Improve coordination with suppliers 34.9% m Service/ ﬂeax‘i:bil:i‘t;
Develop remote monitoring capabilities 33.7% o aftersales
Lower energy costs 29.1% Customer Remote
Improve safety 27.9% cocreafiqn/open Time to monitoring
Improve compliance (customer specifications or regulatory) 24.7% innovation . Assat and control
Develop visualization capabilities 18.9% 2:;?-:3.;1;9:1 / ‘ \ utilization ictiie
Other 1.2% valug : - )/ maintenance
None of the above 5.5% \ s ST
Data-driven ol v Augmented
demand reality for
prediction . MRO'

Quality

Smart
Mobility

(4

In::,’,"‘;‘)f Digital quality
management Inventories

Internet of
data

Smart
Buildings

0l B

Advanced
process

control :
Statistical

| Smart

Real-

Logitics process ;
time
control ,
supply-| Insitu
chain 3-D
Source: optimi- | Printing
Internet internet  https://www.linkedin.com/pulse/ zation

of sevvices industry-40-4th-planetary-
industrial-revolution-fernando Source: http://www.mckinsey.com/business-functions/operations/our-insights/manufacturings-
next-act

of people

www.interreg-danube.eu/Smart-Factory-Hub

Project co-funded by European Union funds (ERDEF, IPA) 36



3 What is Smart Factory /

Smart manufacturing?

15 areas of relevance

IJ

[N

Manufacturing

@

®‘ Next-gen manufacturing systems
Manufacturing systems make automated and smart decisions
(e.g., production scheduling), offer intelligent machine applications,
seamless engineering integration and allow for remote
visualization, monitoring, control, and alerts

T)Smart Supply
9 network
Transparency over supplier
inventories and vehicle
logistics allows for automatic

2]
jut
1]

3

and optimized supply
decisions §®‘Cloud storage/ processing @ % Data analytics ©I'éCybersecurity
Y poa storage and application processing on Advanced decision algorit-
secure cloud servers hms & real-time analytics
©’.‘-)) Intellig. sensors/actors ®{:} Cyber physical systems
Sensors deeply integrated in Interconnected systems and social
machines wirelessly stream data and machines control physical entities
have an own analytics engine (edge
analytics)
= ‘ (i) —
g O Mobile workforce Self-driving vehicles
&  Workers are equipped with mobile Material is handled via autonemous
Q.  devices and augmented reality vehicles and intelligent
_g devices to process real-time transportation units
v . information
®)
[&] Additive manufacturing L Robotics
3D printing allows for rapid Use of flexible robots augments
loT-related prototyping and rapid spare part intelligence, automates certain

processes and creates new forms of
worker-robot interaction

printing

Not loT-related

Project co-funded by European Union funds (ERDF, IPA)
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A\

—

Responsive

@),
Jl:l manufacturing

Individual manufacturing steps
are designed for customer
interaction so that products can
be tailor-made for customers

Encrypted data and protection
mechanisms against cyber threats

24 Smart maintenance
Machine maintenance becomes
integrated (autonomous) aided by
predictive algorithms and remote
assistance systems

®®Intelligent products

Products carry relevant information
for machines to make decisions

®—f- Advanced materials
New materials such as nano-
matierals as well as integrated
computational materials engineering
(ICME)

Source: https://10t-analytics.com/industrial-internet-disru pt-smart-ractory/

www.interreg-danube.eu/Smart-Factory-Hub

37
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@ Identified challenges ———rerreg -

* Policy makers translating strategies into concrete measures
 Smart Manufacturing is complex (vertical — horizontal)
* Production SMEs have concrete problems:

— Need to develop due to competition
— Faced with micro problems in their existing productions
— Lack of knowledge and resources to move forward

035

===

www.interreg-danube.eu/Smart-Factory-Hub

Project co-funded by European Union funds (ERDF, IPA) 38



About Smart Factory Hub
project (Transfer Lab)

©)

iiterreyg

EUROPEAN UNION

Danube Transnational Programme

POLITICAL COMMITMENT Local

y

SMART FACTORY PROJECT TOPICS:

1. NOVELTECHNOLOGIES
Citi-
zens

ARTICULATION OF /
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