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http://www.bmwi.de/EN/Press/press-releases,did=697920.html Ku KA

Industry 4.0 was invented in Germany

= Industry 4.0 is one of ten ,Future Projects” of the German Government
= 1000 Mio. € grants

= Controlled by the G
oo o INDUSTRIE4.0

= Supervised by Chancellor Angela
Merkel (visited KUKA in 03/15)

Chair
Ministers Altmaier, Karliczek
Representatives of commerce,
trade unions, science

Technical/practical expertise Policy guidance, society, Activities on the market
.. . R decision-making multipliers
= Minister for Economic Affairs & - : z
. Steering body Strategy group Industrial consortia
Ene rgy A|t maier (companies) (Government, business, and initiatives
* Chaired by business representatives, MOMHS Y Implementation on the market:
.. . participation of Economic Affairs and = Chaired by State Secretaries BMWi, BMBF test bede. examplas of applicatio;\s
[ ] M N |Ste r for Ed u Cat| on & Research Ministries * Representatives of steering body ’ (e.g. LNI 4.0)
. * Chairs of working groups, other guests/ = Representatives of Federal Chancellery, & s
ReSGaI’Ch Kar“czek promoters Interior Ministry
. S * Representatives of the Lander
Industrial strategy development, technical coor- < SRR
. Y U . B * Representatives of associations (BDEW, .
= KUKA is a member Gnatne deEision making e Impcmeniation BD, BITKOM, DIHK, VDA, VDMA, ZVEI) Intdrnatisnal
= Representatives of trade union (IG Metall) standardisation
= Representatives of science (Fraunhofer) Standardisation bodies

of the “Reference
Architecture and Standard-

Agenda setting, political steering, multipliers (e.g. SCI 4.0, DIN, DKE), Consortia

* Reference architecture, standardisatio
and norms

- enarios

= Security of networked systems

ization” working group : Vo ehicin g
(Helnrlch M unz) : ﬁzﬁ:s:::;;odelsforlndusmmto

Working units with technical/practical
expertise; participating ministries: Economic i Labs Network Industrie 4.0
Affairs, Research, Interior, Labour Research Council

Secretariat as service provider

e T 5 : R Standardization Council 14.0
Network coordination, organisation, project management, internal and external communication

Source: BMWi, Status: March 2018
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KUKA

KUKA Robotic Product Portfolio

Application-
modules

Customer Controllers

Services
Software

Robots

Hello Industry 4.0
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KUKA

Robots for payloads from 3 to 1.300 kg

Light Weight Robot (LWR)
»IWA*
for Human Robot Collaboration (HRC)

Small robots Middle

»Agilus™ ) o payload | Special
payload High Highest mechanics
payload payload
,ritan®

Hello Industry 4.0
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KUKA Mobile Products

= Mobile products, machines and tools
are a very important part of
Industry 4.0

Hello Industry 4.0
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KUKA

The KUKA Group (old)

KUKA

Swisslog

Robotics Industries Systems

Component Cell Solution >

Robotics
Aerospace

Industrial
Robotics
Automotive

Service Robotics
Technical
Solutions

. Application Systems and Systems and
Robotics PP catio y y
. and industry process process
expertise . . )
expertise expertise expertise

Hello Industry 4.0

KUKA AG | Munz | Page 7 www.kuka-robotics.com



http://www.kuka.biz/

KUKA

The KUKA Group (new) : Customer Centric Organization (CCO)

Consumer goods
& logistics
Divisions  Automotive Industries automation
Bufiness Automotive Automotive Electronics/ Regional channel Il Consumer goods BN CEI [T
Units tier-1 supplier/ machinery & logistics EMEA
metal automation
swisslogl swisslog  Americas
APAC
R&D (HRC, Mobility...) (CTO)
Product Operations (Manufacturing, SCM, QM...) (COO)
Platforms P & !

Industry 4.0 & Digitalization (CDO)

Central functions (IT, HR, Strategy, Marketing, Finance etc.) (CIO, etc.)

Hello Industry 4.0
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KUKA

Why Industry 4.0? Challenges of the future

People on Earth

(in Billions) INIFA Demographische Entwicklung

Below consuming class

22883 2

B Consuming class?

REBF=

e DI IR
| lllIIIllllllIIlllll..

2 Illlllllllllllllll'la
PR RS REESRBRN

z II|||IIII'II|.|I-
S AEEEHR AN AR
IIllIlIll'll'lll.

1950 1970 1990 2010 025

D S © & (@

2) Defined as people with daily disposable income above $10

Source: McKinsey: Urban world: Cities and the rise of the consuming class
= In 2025 there are ~8 Billion people on earth, >half of them in the ,Consumer-Class”
= People are getting older, in Germany we are getting less

= Consequences for Germany: Keep automated manufacturing in Germany, export
products, export manufacturing technologies and manufacturing know how

= Robots and other machines as assistant systems for humans (Human Robot Coop.)
= Information sources and decision helpers through IT-systems like Smart Devices

Hello Industry 4.0 .
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KUKA

Why Industry 4.0? Countries must Revitalize Manufacturing

30% -
25% +
s eutschland
20% -+— L et LCUEI
15%
10% -~ e Frankreich
506 On December 16, 2014, President Obama signed the
i “Revitalize American Manufacturing Act” into law
00.6 l ;o s X & T ol 2 & T " T 1 10 | = > T > 5 =T | e}

1980
1982
1984
1986
1988
1990
1992
1994
2010 |

0w O O
2388888
Quelle: UNData: Gross Value Added Manufacturing/Total Gross Value Added

Hello Industry 4.0 .
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Why Industry 4.0? Big Price drop on Industrial Robots =» Full Automation

Index of average robot prices and labor compensation in manufacturing in United States,
1990 = 100%

=20 Labor costs
200
180
160
140

120

100
80
60
40/ Robot prices
1990 1995 2000 2005 2010

Source: Economist Intelligence Unit; IMB; Institut flr Arbeitsmarkt- und Berufsforschung;
International Robot Federation; US Social Security data; McKinsey analysis

= Mechanics easily can be copied

= Huge competition, especially in the low price segments
Hello Industry 4.0

KUKA AG | Munz | Page 11 www.kuka-robotics.com



http://www.kuka.biz/

What is Industry 4.07? Cyber Physical Systems

Mechatronic

) Wz
ﬂﬂE ) 2
Mass Production Q

(I I I XXX IXIIXII]

Steam Power

3. industrial revelution
uses electronics and IT to
achieve further automation

of manufacturing
2. industrial revolution
follows introduction of
electrically-powered mass
production based on the
division of labour
1. industrial revolution
follows introduction of
water- and steam-powered
mechanical manufacturing
facilities _ . _ _ _ -
End of Start of Start of 1970s
18th century 20th century
Hello Industry 4.0
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KUKA

Industry 4.0 is the thorough Digitalization of the Manufacturing Industry

15 Years age

Source:
IC

Listening to music

“A fundamental new rule ¥ -‘,.,."
for business is that the Internet D
changes everything.”

Watching 2 movie

Bill Gates, 1999

Cantacting people

= ...but in 1999 this only
addressed the internet of people!

Reading the news

= The Internet of Things (IoT) will
change much more!

Manufacturing

= |l.e. Manufacturing

Hello Industry 4.0
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I SALES &
!_l/’ MARKETING
- T KUKA

Product Y ‘/'
S Industry 4.0 User /,\Q Customer

Industry 4.0...

...is all about 4
life cycles
and value chains

~ Fraunhofer
PA

Prof. Bauernhansel . I
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7 KUKA

@
‘tems?

-

What are Cyber Physical &

| “Smart products” are not new:
Brothers Grimm
“Mother Hulda” (Frau Holle)

“Oh, shake me, shake me,
we apples are all of us ripe!”

“Smart”

Smart products
tell the machines
and tools
what to do

“Oh, take me out, take
me out, or we shall burn!” -

Hello Industry 4.0
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KUKA

Megatrends Change the World

Globalization Automation Digitalization
= Everything that can be digitalized, will be digitalized ! “Digitalization”
= Everything that can be connected, will be connected ! “Internet of Things”
= Everything that can be automated, will be automated ! “Industry 4.0”

Hello Industry 4.0

KUKA AG | Munz | Page 16 www.kuka-robotics.com



http://www.kuka.biz/

= The IoT is just a
subset of
Digitalization

= Industry 4.0 is
just a subset
of the loT

Hello Industry 4.0
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Digitalization

Administrations

M2M World of Connected Services
The Internet of Things

Eesshiwa 0, ’ 3 ~ roduction
Dhbssriam, wiader, ; ; % :'
\ g;,, / % |
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KUKA

Robots & Full Automation create Jobs !

https://ifr.org/ifr-press-releases/news/robot-density-rises-globally

Number of installed industrial robots per 10,000 employees in the manufacturing
industry 2016

Average
world: 74

[taly
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Korea

Singapore
Germany
Sweden
Denmark
United States
Belgium
Netherlands
Canada
Austria

Hello Industry 4.0
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KUKA

Robots & Full Automation create Jobs !

https://ifr.org/ifr-press-releases/news/robot-density-rises-globally

Number of installed industrial robots per 10,000 employees in the manufacturing
industry 2016
18

https://tradingeconomics.com/country-list/'unemployment-rate

= || E
HERRE
=i

ol

.
%

Singapgre
Q
’%

Germany

iz
%
S

(o
0
%

o OB O®ON A
g

Republi
Kore§>
Slovakia

Hello Industry 4.0

KUKA AG | Munz | Page 19 www.kuka-robotics.com



http://www.kuka.biz/

What is Industry 4.0 good for?

Briefly said: “Improve your production” with:

Standardized Information & Communication Technologies (OPC UA, TSN, AML...)
Asset Management (Where are my assets?)

Condition Monitoring (In which shape are my assets?)

Predictive Maintenance, no unnecessary cyclic maintenance

Information down to the fingertips of the workers

What will Machine Learning & Artificial Intelligence bring?

Lot size one: Individualized products by keeping full mass production

More efficient collaboration and value chains with suppliers, partners and
customers based on modern IT platforms and the Cloud

Better life cycle management of the assets (Industry 4.0 user) and products at the
customers (Industry 4.0 supplier)

New Control Technologies from the Edge/Cloud
New Business Models

Hello Industry 4.0
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Orai 8

‘ Bluetooth-Verbindung

% Bluetooth

Hello Industry 4.0
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KUKA

Megatrend: Use instead of own = Everything as a Service

}
%
> m
x

Megatrend

Ownership
Investment

CAPEX

Hello Industry 4.0
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Example: ,,Pizza as a Service*

Make your own

Desire: To eat / Mean: Pizza / Goal: To be fed

/ Self Cooking \

,On Premise”

Table, Plates

Drinks

Wood/Electr.

Oven

Heat

Dough

Tomato Sauce

Toppings

Cheese

<

=4

Hello Industry 4.0
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/Ready-MeaI Pizza\

Jnfrastructure as

a Service (laaS)“

Table, Plates

Drinks

Wood/Electr.

Oven

Heat

&

Enabler

Pizza-Delivery

LPlatform as
a Service (PaaS)*

Table, Plates

Drinks

A=
| &

www.kuka-robotics.com

Telephone as

KUKA

/ “Toni’s“ \

~Software as
a Service (SaaS)“
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Example: ,,Car as a Service*“

Buy your own

Desire: Transportation / Mean: Car/ Goal: Final destination

/ Owning a Car \

/ Car Leasing \

Jnfrastructure as

/
éntal Car Car Shamng

,Platform as

KUKA

Taxi Uber

LSoftware as
a Service (SaaS)*

RACIES a Service (laaS)" a Service (PaaS)*
i Briver Brivet
Road Tolls Road Tolls Road Tolls
Fuel Fuel Fuel
Garage Garage

Road Tax Road Tax

Insurance Insurance
Renewables Renewables

Servicing Servicing

Depreciation

Finance

Car

A

Hello Industry 4.0
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KUKA

New Business Model: ,,Robotic as a Service*

KUKA Cloud

as Enabler

N\
/ Owning a Robot \ / Renting a Robot \ / Robotic as a Service

Standby personnel (24/7
Spare parts provision/warehouse

Maintenance services & administration

Usage of spare/repair parts
Preventive maintenance & admin.
Usage of wearing parts

Insurance

Production fluctuations

Depreciation

Depreciation

Financing costs

/ K Robot/Asset / K Robot/Asset /

Financing costs

9

Hello Industry 4.0
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Megatrend: Software is Eating the World...

"If you went to bed last night as an

. A “ SOﬂwar e iS eating the . industrial company, you're going to
. i f= wake up today as a software and
7. 63 world, inall sectors. | AR ke i

\s In the futu re eve ry X { * ’ Jeff Immelt, chairman and CEO of GE

company will become a
Mark Andreessen, founder of Netscape & ”
renowned VC. 2011 in the WS) software Company

Software

Electronics

Hello Industry 4.0
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KUKA

Megatrend: Software Defined Everything

Tesla-Email vom 25. Oktober 2015

Es ist unser Anspruch, unermidlich an der
Weiterentwicklung des Model S zu arbeiten.
Mit der Softwareversion 7.0 und der
Erweiterung der Autopilot-Funktionen ist uns
jetzt ein weiterer wichtiger Schritt in diesem

= “Software Defined...
= ...Networks”
= ...Storage” — IT-Topics

= ..Data Center“/
= ...Radio” (SDR)

* ...Cars’ Bestreben gelungen. Das aktuelle Software-
—_ Update nutzt die einziportianlamhingtign
T aus . dar, o <oren
T=5Lnm und hanging lanes Model S in der Fahrspur

zu halten, einen Spurwechsel durchzuftihren
und die Geschwindigkeit-an di
anzupassen.

Am Zielort scant das Model S die Gegend
nach einem freien Parkplatz und fuhrt auf
lhren Befehl hin den Langsparkvorgang

eigenstandig durch. \[ Automated Parking]

Speed adjustment

Hello Industry 4.0
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KUKA

Megatrend: Software Defined Machines

. > ¢

P~ YT N
'

at 3
) |

h
— 4 Cloud

4 “s+Cloud

— I : ETransport I
i
¢
PLINRRIRRN [EREIDEDIRIDERIIDDE SRR S SRS S T ¥ —
< At OPC-UA + TSN/5G 8
e et \.:--.I--------..- A S B S AN S S A AP Ge ..l... e ",( ___________ p

&

" S G- s s i
]r Industrie 4.0 communication T
industrie 4.0 comporent ‘

" ':Q
@ @Z] Unified Architecture

* Fieldbus - " Fieldbus  Fieldbus

Deterministic, real-time communication

= All automation devices and machines have their semantic self description in the
Asset Administration Shell using the Industry 4.0 M2M standard OPC UA

Hello Industry 4.0
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Megatrend: AGVs instead of Conveyors, The KUKA Matrix KUKA

-

A
https://www.youtube.com/watch?v=ol_vrpc-n2E
Hello Industry 4.0
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Megatrend: Artificial Intelligence

S bR |

https://www.youtube.com/watch?v=Pyb7kBCKxJc

Hello Industry 4.0
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Megatrend: Artificial Intelligence

"H

g y T

= " A =°
’ 1

=&

A

1. Data collection
with present images (4X)

https://www.youtube.com/watch?v=WR5WUKXUQ8U&feature=youtu.be

Hello Industry 4.0
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Megatrend: ,,Platformization® in the Cloud

Examples for Platform-based business:
Apple iTunes, later App Store (“Mother” of all Platforms)

Facebook, Amazon, Ebay, Google, WhatsApp, n
SnapChat, Flickr, Netflix, Spotify, LinkedIn, ... amazon Google

“Shareconomy” and “Prosumers” are based

on platforms o
Uber: Biggest Taxi company without a singlecar UBER

Airbnb: Biggest hotel chain without a single hotel .
Wikipedia: Biggest library without a single book * ,‘
Open Source on Github, etc.: Biggest Software source Code Collection Wi
Solar Panels on private houses

Distributed Ledgers like Blockchain, IOTA: The “Mediators” are getting obsolete, i.e.
Currencies without Banks (Bitcoin), Land Registers, any Administration, etc.

Hello Industry 4.0
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Typical 10T Architecture: Siemens

Applications & Services Eco System

device management

helpdesk & ticketing

. L
vibration monitoring
& analytics

consumption modeling

model-based

failure prediction energy reporting

HMIs &
Apps

tuning advisory

Public or Private Cloud

device
management

onboarding
status monitoring

remote access

Source: Siemens

data

analytics / rules
management

data acquisition rule engine

pre/post processing analytics engine

big data store vents / notifications

Public Cloud

visualization
cockpit/dashboard
reporting

mobile UI's

Device Connectivity

Plant Floor

=

Hello Industry 4.0
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Typical IoT Architecture: Device Insight

FRONTEND

PLUG-IN-RUNTIME

APPLICATION-SUITE

ADMIN ALARMING TH

LAYOUTS VISUALISATION AMA

WIEWS DASHBEOARD REP!
] PN ,

\// PN ORT RO ENE

MIDDLEWARE CENTERSIGHT® MIDDLEWARE (SERVICE LAYER) e
CORE PLUG-IN RUNTIME Public Cloud
USER SERVICE & ALTHENTICATION TASK SCHEDULER PREDICTIVE MAINTENANCE  COMPLEX EVENT PROCESSIMG SAP - ERP
MASTER DATA STORAGE NOTIFICATION BIG DATA AMALYTICS SIM MANAGEMENT
DEVICE MaMAGEMENT EVENT BUS WORKFLOW ENGINE CONDITOM MONITORING
WVALUE & TME SERIES STORAGE [..] LOCATIOM SERVICES (-]
DEVICE COMMUNICATION INTEGRATION FRAMEWORK
JSON XML MOTT IMPORT / EXPORT PROTOQCOL CONMECTOR
HTTPS OPC-UA
Ry

HARDWARE CENTER®
PROTOCOL LOGGING LOCATION
M2ZM GATEWAY
AAEE LOCAL RULES /oS [.]
Y ) i FIELDBUS ALARM
Source: Device Insight
Device 1 Device 2 Device 4 Device 5

Hello Industry 4.0
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loT World Forum Architecture

Internet of Things Reference Model

Collaboration & Processes
{Involving People & Business Processes)

Application
Repoerting Anaitics, Control)

00 Q -

Data Abstraction 7 o Public Cloud —

{Aggregation & Access) - Y “ -~ o~ =
- - 2 irewall -

Data Accumulation 3 ;

(Storage) K Private Cloud

—df”
Edge Computing
(Data Element Analysis & Transformation)

Edge Cloud

Connectivity
{Communication & Processing Units)

Physical Devices & Controllers
{The “Things® n 1cE)

@00

Intelligent Edge Nodes of af dee

Hello Industry 4.0
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Wind River Helix Device Cloud

Vertical Packaged Apps Analytics Systerns  Business Systems  Cus

Remote Service, Vehicle Telamatics, Hadoog, Salmaforce, QE
UGl Asset Tracking, M-haskth, Grasnplum SAP Dl
Semart Building MCH

< laT Application Services
? Web Services AFI

laT Data Management
=

2 laT Rufes Engina lo¥ Dwis Model
COMMNECT

10T PLATFORM
»

0;- leT Connectivity

MANAGE

Private Cloud
sy Platforms

Mansgement

NETWORK

| _
Edge Cloud

EDGE DEVICES |

Narthbound

Communic i Hardware
[Callular, ¥Wi-Fi, Sstallite, , Zighes, Blustoath,

Southbound

0 _L ASSETS
Carmume M-haalth

Figure 1: Wind River Helix Device Cloud

Hello Industry 4.0
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KUKA

Industrial Internet Consortium Architecture (11C)

Bervice Netw

Edg¢ Tier Platform Tier Enterprise Tier

-':r_wnrnilJ.N(—vl_wc!k

HMIs &
@P Accesy Network Service Platform

Service Network A
~ [Edge Gateway PpPsS
1 == ):IL Flowr Data Keaotlcs Dataflow %
H-‘ e > p Transform ‘ ¥ [ ! _——
& Confjol Flow [ — Contrdll Flow
™ A g | Ve
!& S—— -~ S —]—
- Operations
A Ldge Gateway | |
BNESH o -

Public Cloud

. T
Wiy M LT T
fese . 8~ 5 J
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KUKA

Microsoft Azure Architecture

Microsoft Azure |
P

“HPC UA

e JSON/AMQP -

OPC Clients, Servers, ERP Portals,

N
OPC Graph Database and OPC UA .NET Standard Stack
N

g | ANy
UA Hlinary.

NI <smpe ua (A Binary/AVQF : y

loT Proxy Module ’
Hot Path Analytics F | |

Azure Stream Analytics, Azure Storm, ...

Industrial Devices
(OPC-UA Servers)

N

OPC UA Client
Module

[]

JSON/AMQP

Public Cloud m’

5L, DocDB, ...

o

seo o BIVETS Azure |oTA

Things Edge Clou

Azure loT Hub

- ..7:—“_.—}%,
g\ Firewall

Private Cloud
Cloud: Data Inge.. «.u rrocessing, Command & Control

d_ Ty

Hello Industry 4.0
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General Electric Predix Architecture

Connectivity

Ed

Hello Industry 4.
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Pridix Machine

Enterprise Systems
External Data

ge Cloud

§Softwar¢f‘nnnlyticq (({.])) :

Cloud Services

KUKA

Assels Analytics Data Security

Operations

Cloud Foundry

Data Infrastructure

Privaté Cloud '

www.kuka-robotics.com
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The common architecture of the Internet of Things

Siemens

FRONTEND -

lc

Hello Industry 4.0
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e T [ ik
i ADMIN E ; }5 0 couab
= 3 (Involvin
N Vertical Packaged
Wind River  fecew sevee venice
helpde yiopLEWARE - Snart Buiiding ﬂpplcmon
_________ ' ing Anay ol)
arien "
MASTER DATA BULD
— = Data Abstraction
e -,nLuzsng'\‘:E % CON:‘ECT Mgg[maﬂm & ACCQ SS)
E
° — £ o
staty = MANAGE Data Accumulation
~ (Storage)
HARDWARE - -
e - s Edge Computing
g Southbound Connectivity

(Communication & Processy

Mahzal

o Physical Devices & Ct 2
Figure 1: Wind River Helix Den (ThQ ‘Tniﬂ@’ n l&) el f
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KUKA Connect Community Concept

L3 . |

KUKA
proprietary

4 eCommerce N

Jing SALESFORCE

U

KUKA .| XPert

Product
Services Resumes

On Premise

iBase L SAP

= ¥y . ’ -
=PCover g LU

4 ;Ed_ge Cloud ¢

Community
Partner Devices

BN

Hello Industry 4.0
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OEMSs Production Clo

[

ud vs. Supplier Clouds

REST APIs

KUKA §
proprie

) KUKA [ x i

JILDrodu'Act

Services Resu

iBase L

Edge Cloud ¢

Community ! i
Partner /
Devices

Y

Hello Industry 4.0
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Megatrend: Edge Cloud Computing (aka Fog or Mist Computing)
Forbes

Dell Say.ls'The Future Of 10T Is At The Edge

relnvent

t=Invent

. Introducing AWS Greengrass
Introducing

Azure loT Edge

urow, Principal Product Manager
AWS loT Device Services

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

o) 20:09/48:41
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KUKA

The Edge: Where Operation Technology (OT) meets Information Technology (IT)
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The Importance of the Edge

KUKA

The (“slow”)
Mastermind

On Premise

/Edge Cloud

SRR

i

. h-:-. ~‘4
Vegetative _!_ -
Muscles & gé O T
i Sensors 2 “.‘5;0
D ‘f“

ll_'.;o._\-_—{} - ’
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<> RO

Don’t ask for ROI, ask for ROI! And of course, ask for ,, \ scemENT cONSULTANTS

_ What is the
Risk of Ignorance?

e

[maustre 4017
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KUKA

Thank you for your attention!
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