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INDUSTRY 4.0 —
The Development and Transformation of Smart
Factory

Abstract

Around the world, traditional manufacturing industry faces challenges in
recent years, e.g. intelligent robots, internet of things, sensors, 3D printing.
Taiwan faces this problem as well. Since the concept of industry 4.0 is
initiated by Germany in 2011 and is quickly distributed to other European
countries, USA, Japan and China. These countries not only pay much
attention to Industry 4.0, but also actively sign mutual agreements to
promote the development of Industry 4.0 The study firstly, via literature
review, summarize the origin, definition, scope and exisiting policies of
Industry 4.0 and smart factory in Germany, and then explore how Germany
develops, transform itself and encounter challenges while executing the
concept of Industry 4.0. Based on the research results, some suggestions to
both industrial firms and government are proposed.

Keywords

Industry 4.0, Smart Factory, Smart Manufacturing, Transformatiom,
Change Management, Policy
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Industrial Data Space
Industrial Data Space Association

R | Beresministorium INDUSTRIAL DATA
wnd Forschung SPACE ASSOCIATION
Project key facts A ADVANED = . D At‘gs e¢ID
=Start: 1-Oct-2015 -

=Duration: 36 months @ fy @il ©BoscH e VEQQ
*\Volume: 5 Mio € @cmamers < Cybus U oo satateon o (O scvemker  Deloitte
=Sponsor: BMBF I denodo’’” [T ¢ ccoonce > o @Fastems
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Current status ZVE'
=First »connectors« available Foll Tivit
*MoU with OPC Foundation o low-up activites . .
-Architecture document published = Domain-specific solutions: Materials Data

—

Z Fraunhofer

®] 3- 7 Industrial Data Space Association
(F° 4% & m: Fraunhofer %-2* i 4F)
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Components to pilot the Industrial Data Space
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Internal IDS

Third Party

Cloud Provider

External IDS
onnectg,
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~
™ Upload / Download

Internal IDS \\
Connector,

’
© Fraunhofer ~ Company B
-~ -

Upload / Download / Search

Connector, Internet

A
~ 4
Company A _ ’

- 5

—— -

i8] 3- 8 Components to pilot the Industrial Data Space
(F 4 % ik Fraunhofer %3+ ff 4%)
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W?%lﬁﬁﬁil%ﬁgawmﬁbﬂ*rl%ﬂOﬁﬁﬂwigJ’aaﬁ@ﬂ
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STANDLIZATION

@
The Standardization Council represents the interests of industry in the field of national,
European and international standardization in the context of the digitization of industry

@i) 1INDUSTRIE4.0

can _ STANDARDIZATION
amE™ COUNCIL

INDUSTRIE 4.0

Use Cases
Test

Standardization
Process-Support

Coordination
Recommendations:
Support

+f1'LNI4.0

— - Ceovomm e ]
Implementation - D
o
;g v Int. standardization
L= " - organizabons
{with mandata)
& . Ci
5

International standard
full consensu:

Sowrce: The Standardization Council industrie 3.0

F3-9 M % 40 ot 2

T ¢ R
(FH R RAARL L 40 BEMTE )

" Wikipedia [ https://en.wikipedia.org/wiki/Standardization ]
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UA(Open Platform Communication-Unified Architecture) & # ef% ;&= % OPC UA #_1
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PLUGandWORK
The solution

Common communication level:
transferring language into OPC UA protocol

Common language level:
an enormous database for translating proprietary system languages

nnnnnnnnn

an‘x,m.lo&u ¢ScemMmOO2 & CE@DO=R0
Tpoykevpodoi #=OOmMpOLee Abc_23-xy_Vors. H2@d@®x0®

Teunspatop s o0On e0 Bbc_24-xy_T, Ha20@
T'eoynoivdiykelt M, + Vo &S M H e #7n D DAr Q@

%
B] 3- 10 PLUGandWORK #% 4 8]
(54 & m: Fraunhofer %-3* i 4F)

2 4 p-%_OPC UA

[ http://www.icpdas.com/root/product/solutions/industrial_communication/m2m_iiot_server/opc_ua_tc.html ]

TP HATIR, Mo bed F P eRE OPCUA » B RP X E AT A
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Coneept/R&D Sales/After service

Branding Marketing

VALUE-ADDED ——=

Distribution

Under this model,
manufacturing is the
lowest-value input

Manufacturing

——

Lower

PRODUCTION CHAIN
Time

Rl 3-11 A& 2 &kl

Fraunhofer 3 1 e+ ’*-,;,@l:kE Rtz v o bR R & i 1 Ak Virtual Fort
Knox (VFK)- B % & ~ g ~FHLPIT 24T 5 @1 phey &R L p #eii
F RERATE ﬁ’}}g o P o VFK enjig  gi il 2 443 2 370 5 3Lk 4 1 i
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2 3 % ?3\;& AL E 20 B RERE F R o B H %i’VFK?.}&fg»\{— [ A
1EEBAAPPH B o F 3 Pl 3 R i e i B S I f e 2
SRS 2 EAES SR ERE EEY S S R G R

Fraunhofer Virtual Fort Knox
Defined roles and components enable an open platform ecosystem

Devices VFK Marketplace VFK SDK
e 0L IlIZI\.
End User
Basic
I Services
.. Aggregated .
[ ) Services

Communities

)
Research

Virtual Fort Knox

../

Platform Integration
Operator Services
Equipment
& CPS

B 3- 12 Fraunhofer Virtual Frot Knox
(F 4 % R: Fraunhofer 43> i 4)

=

Z Fraunhofer
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1. By fFiases ¢ (Max-Planck-Gesellschaft (MPG)) :

MAX-PLANCK-GESELLSCHAF

B 3- 14 Max-Planck-Gesellschaft &%

B HT-E W P F AR 23 1048 E 0 G- 2R IR A s - B ERE R
fot B e L A *‘94’2;1‘;2 € 5 %Iy Ly 0 B4R 5 7\ pogRF Waiotsien
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B B@IFsEA A% 80

& poERE G RR P ERE K & B RS % % ,2016.08.02, [hitps:/kknews.cc/news/zg5kS1.html ]
8 BMBF, Max-Planck-Gesellschaft, [ https://www.bmbf.de/de/max-planck-gesellschaft-834.html ]
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Wikipedia, Max Planck Society, [https://en.wikipedia.org/wiki/Max_Planck_Society]
Max-Planck-Gesellschaft, [ https://www.mpg.de/short-portrait]

Fraunhofer-Gesellschaft, [ https://www.fraunhofer.de/]

FpEREAIFTS AF A ¥ T E A €,2017.07.20, [https://kknews.cc/news/I6nm88z.html ]
Wikipedia, Fraunhofer Society, [ https://en.wikipedia.org/wiki/Fraunhofer_Society]
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3. IREEHEE ( Helmholtz-Gemeinschaft)
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4. ®# & X5 ¢ (Leibniz Gemeinschaft)

Leibniz
Gemeinschaft
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8 Die Helmholtz-Gemeinschaft [ https://www.bmbf.de/de/die-helmholtz-gemeinschaft-828.html ]

87 Wikipedia, Helmholtz-Gemeinschaft,
[ https://de.wikipedia.org/wiki/Helmholtz-Gemeinschaft_Deutscher_Forschungszentren]

85 p s iE WER A7 Rk 2 B RS % 3,2016.08.02, [https://kknews.cc/news/zg5k5l.html ]
8 BMBF, Leibniz-Gemeinschaft, [ https://www.bmbf.de/de/leibniz-gemeinschaft-830.html ]
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The Siemens answer to Industrie 4.0 requirements
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117 The Position of Siemens Industry Regarding the Internet of Things and Industrie 4.0, Retrieved September
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(=) Industrie 4.0 Fraunhofer Community
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Experts Groups
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Meetings
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] 4- 12 Industrie 4.0 Fraunhofer Community

(=) Key Trends in Information and Communication Technology (ICT )
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2373 p & 0 4 0 F@t Fraunhofer 32%  Information and Communication
Technology (ICT) #1 ¥ 40 #ERRELe- T H¥Y Vit 15 g3 it
(Cognitive systems) ~ % #.4& (Blockchain) ~ #7— enieps & % (5G) % %
% 2> (Cybersecurity )
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B 4- 13 Key Trends in ICT » F #& % J&: Fraunhofer Institute g 3§ 4% -

ICT ti8 (FpF > sndr d R R FAL S ~ A5 - B8~ 522 3% 0 7 7
R AT EEORD RS 2 gd T AREF - L AR E od IR REFHY
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1. Cognitive systems
(1) System learns instead of being programed
(2) Learning and improvements based on experience

(3) Usage of numerous data sources (structured, semi-structured and unstructured
data)

(4) Results are delivered individually
2. Blockchain

(1) Distributed ledgers, based on existing technologies (hash, proof of work,
distributed network)

(2) Allows to cut-out middle-man
(3) Base for Smart Contracts (Coding)
3. 5G
(1) Next generation mobile network technology

(2) Up to 1000 time more capacity, 100 time more devices, 10 time more battery
life time, 1ms latency, 10 GB/s bandwith

(3) Basis for tactile internet (e.g.. autonomesdriving, remote health services) etc
4. Cybersecurity

(1) Digitization continuous to captures more areas (business, public, private)

(2) Attacks are more and more critical

(3) Risk of loosing business (ransom ware, espionage) or privacy

(4) Implement Security by Design principles
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(5) Increase training and awareness
(=) Industrie 4.0 Models
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In reference to Neugebauer, Reimund; Hippmann,
Sophie; Leis, Miriam; Landherr, Martin (2016):
Industrie 4.0 - From the perspective of applied
research. 49th CIRP Conference on
Manufacturing Systems (CIRP-CMS 2016).
Available online at www.sciencedirect.com
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] 4- 14 Fraunhofer Layer Model of Industrie 4.0 Value Creation
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Data recording and processing

Assistance Systems

Interconnectedness and integration

Decentralization, service Orientation and transformation ability
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Selforganizing and autonomy
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KUKA omniMove moves
heavy parts in confined
spaces during construction
of the A380 at Airbus

The KUKA flexFELLOW
installs pump wells at BSH
Hausgerate GmbH

HRC in robot assembly
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Rotating 90 tonnes from a
standing start.

The KUKA flexFELLOW
carries out the installation of
pump wells on the
dishwasher production line.

The KUKA LBR iiwa
lightweight robot helps to
screw the gear units for the
QUANTEC industrial robot
into place.
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Q1. In your previous speech, you mentioned that Fraunhofer Association always follows the
Industrie 4.0 policy of German Government. What is the most important policy in your
experience and what policy makes the company and industry favored?

Ans: Sorry, if I was not clear on that: Fraunhofer doesn't follow the policy but rather is an
technical advisor to the German Government in many technological fields. The Plattform
Industrie 4.0 is just one example. My personal take regarding the most important policy is:
Support companies by reducing taxes for innovations (either developing or implementing) —
this will boost the acceptance and help bringing innovations (like 14.0) into the wide
acceptance.

Q2. About IPRs, could you please give us some advice to the after-coming-companies about
the strategy of patent application and what can they develop?
Ans: I'm not an IPR expert, can't help here.

Q3. Does it need different domain knowledge for different industries in Industrie 4.0? If it
does, how to develop the domain knowledge?

Ans: Correct, each industry sector has different starting points / levels. Process industrie like
(chemical) have already a much higher level of automation while discrete production (like
machine tool) are better in managing different customer order requirements (lot size 1 is here
sometimes already reality).

Q4. Should Industrie 4.0 have the different content for different Industry? How to
distinguish?

Ans: The "content" of 14.0 is always different not only by industry but even by company — if
you mean actual implementation. In the sense of what could be implemented in theory, then
14.0 is the same. That was the idea of our layer model.

Q5. What are the opportunities of Industrie 4.0 and how to leverage them?
Ans: As mentioned above: there is no general answer as each company will have to decide
where they will put their focus on in terms of ROI etc.

Q6. What is the most important part in industrie 4.0 transformation for Fraunhofer?

Ans: | had hoped that this was one of take always from my presentation: It's about the three
elements in our transformation layer: HR Development, Business Models and Change
Management.

Q7. Does Fraunhofer have any strategies for Industrie 4.0? How much will it cost per year
and how long will it take?

Ans: Not sure | understand this question: We do have a strategy which is to support the

German economy to implement 14.0. The second part regarding costs can't be answered: Each

company needs to find their own way into 14.0 hence there is no "one number, one time span”

answer.
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