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Worldwide Megatrend: Industrie 4.0 based on Al 2y

The concept of Industrie 4.0 was
created in 2010 and first
published in 2011 by Wabhlster,

Kagermann and Lukas 7

Till 2019 more than
80.000 papers have been
published on Industrie 4.0

e '+ Examples of Industrie 4.0
awi)

| Smart Factories deployed
by DFKI‘s Shareholders
Total Investment in R&D

for Industrie 4.0: 140 Billion € BOSCH

per year in Europe VOLWESEY AIRBUS
GROUP




After Our Initial Publication in April 2011 the German Term

,Industrie 4.0 was Propagated Exponentially Worldwide
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_Industrie 4.0: Mit dem Internet der Dinge

46.500

—auf dem Weg zur 4. industriellen Revolution

=

STRUKTURWANDEL: Zur Hannover Messe tritt die Initiative | 3 Y .~ !

—— _Industrie 4.0" an die Offentlichkeit. Henning Kagermann, Wolf-
Dieter Lukas, Wolfgang Wahlster, drei Vertreter aus Wirtschaft,

Politik und Wissenschaft, zeigen im nachfolgenden Beitrag, wie
der Paradigmenwechsel in der Industrie ablaufen wird. In der
nachsten Dekade werden auf der Basis Cyber-Physischer Systeme

— neue Geschiftsmodelle miglich. Deutschland kinnte hierbei

die erste Geige” spielen.

WO nachrichise, Bariin, 1.4. 12, N8

Sich als Produktionsstandort auch
in einer Hochlohnregion behaupten
zu kiinnen, wird ;unehmend zu einer
Schifisselfrape im plobalen Wett-
bewerh.

Im Gepensatz zu anderen Indus-
trielandem ist es Deutschland in den
letzten zehn Jahren dizAn-

Stellung insbesondere im  Auto-
mobil- und Maschinenbau erarbei-

tet. Nun gilt es, den nichsten Schritt |

mm Internet der Dinge im indus-

trieflen Umfeld zu machen, damit

Deutschland bis 2020 Leitanbieter
auf diesern neven Markt wird.

Durch die digitale Veredelung von

i 1 und industriel

zahl der Beschaftigten in der Produk-
ton weitpehend stebil zu halien.

Prec
len Erzeugnissen bis hin zu Alltags-
pIC t integri ichi

12.588

According to GENIOS Data Base of Publications in Germany

Micht ruletzt wegen des stark mittel- und  Kommunikationsfahigkeiten,
[ stindisch geprigten, aber hoch in- Funksensoren, eingebetteten Akina- I |
novativen produrerenden Gewerbes  toren und intellipenten Softwaresys-
hat Deutschland auch die wirtschaft-  temen entsteht hier eine Brilcke zwi-
[ lichen i derFi - schen vi [wCyber space”) und I |
besser gemeistert als visle andere. dinglicher Welt bis hin zur wechsel-
Die Emtwicklung und Integration  seitigen feingranularen Synchronisa-
"~ newer Technologien und Prozesse  tion zwischen digitalem Modell und - I |
haben dazu wesentlich beigetragen.  der physischen Realitat. e i W .
Bai der Entwicklung dieser Cyber-  Wolfigang Wahlster, Chef des Dewtschen Forsch fur Kinstliche Intelligenz, Henning Kagermann, Prisident der
——  Produktionsstandort bleiben heift Physischen Systemewirdin Deutsch-  Deutschen Akademie dar Technikwissenschaften, und Wolf-Dieter Lukas, Abteil leiter Schil: jien im Bundesfor- —
heute, sich fit ;m machen fir die vom  land bereits auf die Ergebnisse meh-  schungsministerium, planen die Zukunft: Sie sshen Geschaftspotenziale der 4. industriellen Revolution nicht nur in der batrieh-
Il L
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Artificial Intelligence for the Second Wave of
Digitalization

| | S e .
First Wave: ﬁT‘b Second Wave: #+_
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Digital Data ‘...'ﬁ Digital Data ‘@)
- Record ?.!-= - Understanding ;ati-
-Save - Refining -
- Transmit

. - Active Usage

- Process

e

Machine-readable Data: Machine-understandable Data:
Internet and Cloud Artificial Intelligence and Machine Learning

Technologies -




Germany'‘s Al Strategy Targeting Disruptive Service
Innovations for National Export Champions

Smart Construction Site Service
for Remote Activity Control

Smart Farming Service:
Real-time Harvesting
Decision Support

Smart Certification Service

Smart Emergency Service
for Search and Rescue

with the Chancellor and 6 Ministers
May 2018
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Integrated Al Technologies for Industrie 4.0

Industrie 4.0 Characteristics

( )

Mass Customization

\ J

( )

Predictive Maintenance

\ J

( )

Plug & Produce

Realtime Line Balancing

Online Quality Control

Digital Twin

Smart Worker Assistance

Process Anomaly Detection

Hybrid Teams of Robots and Workers

‘IJI‘II‘II“III

Demand for AI Solutlons

adaptwe
Design Goals
of Integrated Al
Systems for
. ‘ Industrie 4.0
ethics-by
design
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«1INDUSTRIEA4.0

autonomous
proactlve

explamahle

fault-
tolerant

self-
learning
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Boosting Economy by Injecting Al: Transforming
Successful Export Products Into Smart Products
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Al as the Core Innovation Engine

Smart
Product

Smart
Factory

Smart
Service

,% e Smart
SRS envice
" e o : llllﬂlnlieh

Three Large-Scale German Future Projects for Disruptive Innovation: |
Industrie 4.0 — Smart Service World — Learning Systems <. [ERS




30 Years of Al Research at DFKI: The World’s Largest a |
Al Research Center

Munich RE _E§ Allianz @
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More than 80% eweous oo B = > > 600 Al Researchers, 30 Al Professors
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BaSys 4.0: Process, Product, Resource (PPR) Model

Car Door
Weight= 5kg

Assembly of car
door

\Material= Metal /\_

/~  <Product> \/<ProcessStep>

" <Resource>

Magnetic Gripper
Min Weight = 0.5kg

/

requires

\Max Weight = 15kg ~/

-

~ Gripping

\

<Capability>

Min Weight = 5kg

offers

)

o Capability Specification
o Capabillity Checking

» Feasibility Checking
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New Steering Commitee at the German Institute for Standardizationﬂ
(DIN): a Standardization Roadmap for Al (DIN — CEN — ISO, W3C)

18 Members from Industry,
Academia, and Government

Chair: Prof. Wolfgang Wahlster

Deliverable: Standardization
Roadmap at the German
Government‘s Digital
Summit in October 2020

Some Relevant Standards and
Proposals:

OWL, RDF, OMM, USDL, FIPA ACL,
§ SSML, VoiceXML, PDDL, EMMA,

© W. Wahlster F . m




Capability Modeling in AdminShell (GMA 7.20 VDI/VDE) ~ #

Ontology

“Offered Capability”
Description

has

Context (e.g.
Environment Model)

“Offered Capability”
Description

<4

“Required Capability” Process Description

“““ Description
t t
Asset
Administration
Production cell is Shell Process creates
used in a process a product

Asset
Administration
Shell

Asset

Administration

SIEll

Process

Asset
Administration

Shell
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Product
Description
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Plug&Produce based on Adaptive Service Ontologies

e Plugin of CPS production
components on a physical,
digital and semantic level

- Automated Expansion of the [[&&
Service Ontology

-
I.'II E - .
| w| n- ; New Assembly Component
f f i EE fff e IS installed on-the-fly
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BaSys 4.0 — Active Asset Administration Shells follow

the Product Life Cycle as Digital Twins

=)

Manufacturing Process

»
Ll |

Access process model

Follow Follow
--product in-> H ---productin--> H
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Transfer product digital
twin-/-asset administration----- >
shell to customer

product in
process¢

Customer
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Hybrid Teams: Robots Collaborate with Humans in 2 |

Physically Challenging Overhead Assembly Tasks (Hybr-iT)

Hybr-IT Architecture

Middleware, Simulation, Reference Architecture for Assistant Systems
and Knowledge-based Features

@ AI RBU S AUTOMATION
Logistics Area [ 1 ﬁfﬂgﬁoy'ec

Assembly Area

SPOMSORED BY THE

* Federal Ministry
4 o of Education

and Research




Al-Based Real-time On-the-fly Planning of Hybrid
Production Teams (Marcel Kdster, DFKI)

SPONSORED BY THE

% Federal Ministry
of Education

and Research

funded
by BMBF

in the
SmartF-IT

Project
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Based on GPU Computing for Extremly Large States Bases
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Hybrid Teamwork Planning: Anytime Algorithms and Just-in-Time

Compilation for GPU Supercomputer Clusters based on DGX-2
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NDA-based Research for Brownfield Factories of
ZF Group (Automatic Transmission) and Bosch-Rexroth

21 Production
Lines for
35 Product
Variants:
10" 26 States




Team Robotics for Multiadaptive Manufacturing Tasks
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Al Enables Human Workers and Collaborative Robots to ¢y
Use a Dual Toolbox
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Shared Toolbox Franka Panda Robot

Shared Workspaces for Human-Robot Collaboration

© W. Wahlster i .m



Assembly Assistance for Raceways for Airbus Wings ﬂh
with 4 different CoBots and a Human Workr
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Wing Production

at Airbus Bremen
&=~ Hybr-IT project lead
by DFKI, Head: W.
Wabhlster
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Smart Worker Assistance as a Service: DFKI for Hitachi Ny

A workplace of the future with Al | Human error prevention

Recognize the tightening level by tracking a muscle activation signal




Building Blocks for Complex Al Systems: Al on Demand




Beyond Industrie 4.0: Long-term Autonomy

Beyond Industrie 4.0
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Eight Major Al Project Lines 2019-2023 (BMBF for DFKI)

1. Emergent Machine Learning Systems
2. Immersive Assistance Based on 5G Ultra-Connectivity
3. Self-Controlled Systems for Long-Term Autonomy

4. Hybrid Teamwork with Human and Machine
Intelligence

. Wearable Artificial Intelligence Systems
. Credible and Trustworthy Al

. Resource-conservative Systems

0 N O Ol

. Interactive and Conversational Machine Learning - g




Conclusions a |

1. Al Technologies are a key success factor for Industrie 4.0: Deep Learning

disrupts sensor interpretation for predictive maintenance and online
guality control

2. Semantic Technologies guarantee interoperability in multi-vendor factories
and are the basis for a disruptive SOA production logic.

3. Anytime, GPU based automated production planning in realtime iIs a
breakthrough for flexible automation.

4. User Modeling, Plan Recognition as well as intelligent multimodal

Interfaces are the Dbasis for a new generation of worker assistance
systems.

5. Hybrid teams of cobots, softbots and people are a challenge for basic
research in multiagent coordination, e.g. with an acceptable solution of the
transfer of control problem.

6. Industrie 4.0 brings many Al subfields together in one of the most
Important fields of industrialized countries like Germany. e



Thank you very much for your attention.
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