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Interoperability within and
across data spaces

The necessity of
industrial data sharing
for future growth

Making Manufacturing-X
international

Boris Otto FX

(Director of the Fraunhofer
Institute for Software and
Systems Engineering ISST and
Professor of Industrial
Information Management at the
Technical University of
Dortmund)

Thomas Hahn ES

Markus HeR £ (Plattform Industrie 4.0 /
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EFL—4%
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Sebastian Schneider £
(Head of R&D Processes,
DMG MORI)
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Foundational Framework for IM-X

m EERS ORIV 02024 Y

Systemic approach for industrial Data Ecosystems

M X ' A common guideline for IM-X activities and international stakeholders.
3) Transfer and .
scaling Transfer- and cross sector-projects Strategic Goals Resilience Sustainability Competitiveness
4 g i g g g ] g g I o .
______ : ‘ Digital Products and Services Everything as a Service
= €O FTH>T & & @

2industial | EEEEETTE B R T~ o Exemplary Cross- _

implementation Auto- Aero  Robotics Semicon Health Construc Railway Renew- Energy Globakisation Industry Use Cases
motive space -ductor tion ables =< - -
Shared Services
Requirements
Shared services Foundation Shared Technological Base Layer s on a commo

1 ) Common Shared technical base layer International Manufacturing-X defines
foundatlon ‘:'II'Id globa! standards and runs a basic

standards Regulatory framework and standards - e o guepaniee Regulatory Framework and Standards

Factory-X Industry Use Cases Who?
: : Initiatives Involved in Establishing the IMX Council
11 Use Cases fiir Integrated Toolchains | | Information Update Collaborative ||NDUSTR|E4 0
horizontalen- und and Collaborative and Change Information r
vertikalen Engineering __ __ Service &, Logistics
Datenaustausch oP (_X_) T - 5 %: % g KOSMO
0 bt ;w X ,.} *UfFlilxgifJ#’.‘_'q
Condition Modular Manufacturing as a Autonomous fr‘[: | ORYNER{=577(TRER
Monitonng Ied Production SeNICB _ On Demand Operation_as_a_ m[sumn.\uuim\.ucxnsrwn H Robot Reveluttion & Industrial loT Initistive
Services Manufacturingoemen Service
(N 5 % ° il PN 0
' -_j 0?? = CONFINDUSTRIA
Deliver ﬁm‘mf‘

: "“”!D = INDUSTRIE 40

Traceability Energy-Consumption | | Carbon Footprint Circular -
:ﬂ”d Load , Management Economy What has happened so far:
anagement _, = e
A -‘.’-—‘f Q Y \-\ - ALERRS = 2023 2023
Os?'? \ 09? ‘ '\IIII oF % J 9\?? i‘l G October February
3 W I Inmauon Inauguration Kick-off
WL G U Brussels, Tokio, . Paris,
S ; : S Belgium Japan France
A\t 0“{‘0{ L :
M)X) o Examples 12 F ) R
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Meta-Requirements for European Data Spaces Patterns for Inter-Data Space Interoperability
Interoperability Within and Across Data Spaces Interoperability Within and Across Data Spaces
- Integration of Separate Data Spaces Overlapping Data Spaces Nested Data Spaces
Trust Interoperability
Data Space Participants Within Data Spaces'’
= Trust among the data space participants * Legal aspects
Shared Data e.g. the regulatory framework of the European
= Trust in the data and its source Union for the data economy
* Trust in the use of the data - Orgamzatmngl aspects = Interoperability achieved by mapping and = Mapping as well needed on all = Data spaces are part of one »higher order«
€.g. fDHDW”;g the DS5C GD”ETHEHEE integration on all interoperability interoperability layers data space
Framework? or the IDSA Rulebook framework layers, i.e. = Some integration tasks to be done by = All aspects of an interoperability framework
: Semarmu:. aspects o Legal intermediaries which are part of both are inherited by nested data spaces
|dE.ﬂtIt}F of data space part|-:||.:r.5!nt5 Organizational data spaces, e.g.:
Claims of the. data spacelpartlcu.:rants (e.g. w/ Semantic Identity schemata
regard to storing, processing, using etc. data) : .
. Technical Cataloguing
Meta-data (e.g. to be stored in a catalog) .. : : . :
- . . . » Affects all data space participants in all * Data sharing on semantic and syntactic
Conditions for accessing, sharing, and re-using : .
data data spaces seeking to share data across level to be achieved by
data spaces mapping/integration on data space

Data sharing contracts

Shared data
* Technical aspects

All data sharing transaction lifecycles
Across Data Spaces

participant level
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Step 3 : Proposal and grouping of use case drafts

Use case draft

G1

ESG quality scoring

Carbon data sharing across the supply chain

Visualization of ethical scores for raw material procuremeant

Chemical substande information Lransmission

Sharing infermation between companies on chermical
substances contained in products

G2

herespace Engineering Data Chain

Preduct quality traceability

Sharing wulnerability infarmation

G3

Maximizing renewable energy use by promoting power
supply and demand + storage batteries

Maxirmizing renewable energy use by promoling pawer
supply and demand + storage batteries | in emergencies |

i

Improving logistics efficiency and reducing CO2 emissions,
addressing indusiry sswes

10

Impraving logistics efficiency and reducing CO2 emissions,
respanding 1o industry issues ( in emergancies )

11

BCP respanse Sharing of production and proecurement
cApaity

11°

BCP response Sharing of production and procurement
capacily | in case of amergency )

12

Reduging enviranrmental impact through preduct life
extension and sharing

13

International interconnedction of data spaces

14

Aceelerating innovation with the example of battery recydling

15

Business madel design for cooperation and eompetition

16

Activating eco-design throwegh

suoenSai pue smeq

suopengay pue smeq

value

>

Turn negative into zero 0 to plus
W | T i
\l Sustainability >< Resilience l>< Innovation
I
1
I
(TRa] ) O N
Disclosurelof i
e .
" | =
1 14 E.G"-ﬂ
product Stors) | 1o Productiinformationisharing
acrossithel LSS s [scheme]forfarterialfand
supplyandiS f gclha'nl 9 (Venousicollaborationkto)
value L : ) stimulatelthelcircularn
i | leconor
L 1 15 16
; ]
i
I
Corporat = Stable; provision of service
rparate 9 3 elind evells 11
Activities I Slofcompa
1 - L) = cl Ll = Did
L n emergenci rma
]
v ' I
What information should be
shared ?

2024 Copyright, Robot Revolution & Industrial loT Initiative, All Rights Reserved.

Step 3 : How to make it ?

Industrial Data Space A

Aeign
UO[IIUN4 UOLWIWIO)
uojjejuawajduw|
adedsejeq

Amm andbhanbratan and

<Challenges>

= Align with international
rules/standards

- Ensuring international
interconnectivity

- Domestic development of
operational infrastructure

- Development of data models
and ontologies

Apoq juawasgeuew
JO Juawysijgelsy

management

<Challenges>

- Setting rules for verifying the
legitimacy of Japanese
companies

- Establishment of an
international distribution
scheme for certificates
approved in each country

Data Space Participating Company X

Data Authenticity Guarantee

<Challenges>

- Establishment of in-house
data infrastructure

- Data management for

disclosure

- Fostering a mindset for

utilizing data space

Data Space Registration
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Keidanren

Policy & Action

EETF—92AR—2DOBEEIZAIITFT
(B2)

2024% 10A 15H
—RAEEA BARERGESS

BREE  EET — X AX—XDOEEICEIF T (2024-10-15) (keidanren.or.jp)

Scope of the "Towards creating Industrial Data Space™
—

Data Utilization

Through Flow of trusted information
to realize Society5.0 for SDGs

Data Utilization

EEE
Data mllection and Data collection and
management management
Ensuring on-boarding on-boarding .
Data Sovereignty
i Utilizing
Attractive existing

Use case creation initiatives

xi-}_é'ém Data Model Data Model
73

application application

I‘EE‘EI:

Dataspace Management Layer

space

Internationa

Data Flow nternational

1
-

Data Distribution Layer expansion | .

International R

Interoperability
International Building a national Trust Foundatio

Mutual arneee,,
Eliropean uthenticati Participating companies’ identity "
=] Euan @ URE: verification ; %._%ﬂ 1
TR Prevention 0; Sﬁéﬁ\_ﬁgmpering and B Eotndationly
1 +'. -‘,_'
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https://www.keidanren.or.jp/policy/2024/073.html

m EIESYRSYA2024 EYIaAY1IH5

NN REDT-[IOEFR

(1) EMNET—Z2AR—ZRBEICATIA VY R—FRFEY T 1 DFER
=» BEALBLANYTEIADDEHY, T—2AR—XDZEEIZFIRE L TER S,

(2) 2—RH5—2X
= EfREEAEDBRILETCHLI—RT—XADERTFE - HHIIEE

(3) F=R2RAR—ZXBINPEDreadiness, F/NPEDEE AR,
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Panel Discussion:
Industrial Sustainability
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Mr. Thomas Hahn Prof. Ragu Athinarayanan Prof. Fumihiko Kimura
Plattform Industrie 4.0 / Professor of Smart Manufacturing & Professor Emeritus
Fellow, Siemens AG ndustrial Informatics, The University of Tokyo
Purdue University

Ref.
https://privacysymposium.org/speakers/thomas-hahn/
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https://privacysymposium.org/speakers/thomas-hahn/
https://privacysymposium.org/speakers/thomas-hahn/
https://polytechnic.purdue.edu/profile/rathinar
https://monoist.itmedia.co.jp/mn/articles/2011/18/news006.html

m Motivation
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T E

nDyck udarsan rRachuri

Dr. Youichi Nonaka : ihi i Prof. Shinsuke Kondo r. FItosni Komoto - Inarayanan -
Prof. Fumihiko Kimura Clean Energy Smart Mfg US Department of Energy

! g
Hitachi Ltd. Japan The University of Tokyo The University of Tokyo National Ins. of Adv. Ind. Purdue University, USA

Japan Japan Science and Tech. Japan Innovation Institute, USA

P ATt |
Y 4

s \Q’;.- 5.5
i -4}‘
. J
>
:

Mr. Thomas Hahn, Prof. Oscar Lazaro Dr. Sicco Lehmann-Brauns  Prof. Peter Liggesmeyer, Dr. Marc Heuske,
Siemens, Germany Asociacion Innovalia, Spain  Siemens, Germany PIattform Industrie 4.0, VDMA, Germany

erm Cx
Ref: https://www.hitachi.co.jp/rd/about/leaders_td/yoichi_nonaka/index.html, https://monoist.itmedia.co.jp/mn/articles/2011/18/news006.html, http://race.t.u-tokyo.ac.jp/member/%E8%BF%91%E8%97%A4-%E4%BC%B8%E4%BA%AE/, https://unit.aist.gb.jp/icps/index_en.html,

e, Ail Rights Reserved.


https://www.hitachi.co.jp/rd/about/leaders_td/yoichi_nonaka/index.html
https://monoist.itmedia.co.jp/mn/articles/2011/18/news006.html
http://race.t.u-tokyo.ac.jp/member/%E8%BF%91%E8%97%A4-%E4%BC%B8%E4%BA%AE/
https://unit.aist.go.jp/icps/index_en.html
https://polytechnic.purdue.edu/profile/rathinar
https://www.manufacturingusa.com/news/cesmii-appoints-john-dyck-chief-executive-officer-ceo
https://www.energy.gov/eere/ampedup/articles/rachuri-head-new-smart-manufacturing-institute
https://privacysymposium.org/speakers/thomas-hahn/
https://www.interempresas.net/Sector-Automocion/Articulos/209458-Entrevista-a-Oscar-Lazaro-director-de-la-Asociacion-Innovalia.html
https://itif.org/person/sicco-lehmann-brauns/
https://www.iese.fraunhofer.de/de/ueberuns/directors/cv_liggesmeyer_deutsch.html
https://automationspraxis.industrie.de/news/vdma-gruendet-forum-manufacturing-x/

m Today’s discussion items

1. SIS T D EEDF e FTREMEICEI I IR E D EXY fH A

2. HEEEE. B508/H1. 1Vt T71470
FA. ¥77-7. 5{&Eh 7 # kg

3. %ﬁ%uﬁ : /JE—E%JE

LI

HTL
~

4. ZFEDB &M AXIV/J)INDDTIF I/ EF/E
AR VAN
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m Summary

. HEEOHEEEMEE. HEFEYRTICLSE f’f%@%/m)@ ftl EEZE(CEENT
BEMEL BFBAMOERNIREE THE L, D FainlbICL M BERD
IR EICEKY ., FEEEEDRUNSILTVET,

2. TIHINFEMEFERLEEED. EOEFCEOTHRHOYDDHY, BHEEDSTEM
%& )P/- /J+I_LI_'I_"0)Eaﬁlf_lickg_ckg_l_.lcljtu\_K

3. Bapfb(3. FnfEDENT aﬁz?l‘ﬁcl_%éiﬁ;{%/\étﬁbj TI5 LS. T -
g%ilﬁd)/r_:lfj]t u_C FAFEﬁG)ﬁU ﬁi’hﬁ""u:ﬂ']kﬁ#gﬁijty)@%ﬂnﬁ@,\ﬁbﬁ
FH | &2 {8 E T BANEITY,

|I|n|
IlnI

1|I|n|

MKDEZERCIEI NTITATIAFYIVPTARZE BB ED T IRXAY- NI -DFEEICITHENoNEETATL
1= é\?ﬁlﬁ%ﬁ%& EoH. KEFICFELTNWBTAAAYYIIR-N—-ITZKELIAATNEET,

STEM: Science, Technology, Engineering and Mathematic
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v Manufacturing Sector: Output per Worker for All Workers rsz0006163) DOWNLOAD &,
Observation: Units: Frequency: TY1SY | 10Y | Max
Q3 2023:95.423 Index 201 /7=100, Quarterly NG
(+ more) Seasonally Adjusted o — EDIT GRAPH &
dibbas i 1987-01-01 o 2023-07-01
Updated: Dec ©, 2023

FRED ~£7 = Manufacturing Sector: Output per Worker for All Workers

110
100
20
S
W 80
Global Financial Crisis Fra of Industry 4.0
" s Nov.2011 Industrie 4.0 adopted as an initiative in
e VW German Government "High-Tech Strategy 2020

1990 1995 2000 2005 2010 2015 2020

*How should we view the relationship between Industry 4.0 results and labor productivity ?
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Sum of exports and imports, percent of GDP
m T ra d €O p ENNess IMF Staff Discussion Note, Jan.2023

1870-1914 1914-45 1945-80 1980-2008 2008-21 @

Industrialization Interwar era Bretton Woods era Liberalization ’'Slowbalization’

60 :

20

10

Sum of exports and imports, percent of GDP
w
o

0
1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

* |s there a correlation between labor productivity and trade openness?

* Was the reality up until 2008 that value-added work was kept in the country
and the rest was imported from other countries? IMF: Intemational Monetary Fund
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https://www.imf.org/en/Publications/Staff-Discussion-Notes/Issues/2023/01/11/

Excerpt

m * mﬁé%t% Per full-time equivalent employee in US, 2022

Statista Research Department, May 22, 2024

US$

Information 155,667

Management of companies and
enterprises

148,316

Finance and insurance 134,951

Utilities 128,605
Professional, scientific, and technical

services 122,960

Mining 120,889

Wholesale trade

Manufacturing 82,629

Real estate and rental and leasing 81,358

Government 79,137

s
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https://www.statista.com/statistics/243834/annual-mean-wages-and-salary-per-employee-in-the-us-by-industry/

Excerpt

AN\ =
E O)l 1 = Average monthly cash salary per reqular worker by industry in Japan, 2022

Statistics Bureau, Ministry of HR Dep., Japan

Electricity, gas, heat supply, water supply I 556,322
Information and Communications Industry I 498,722 Yen
Academic research, professional and technical services I 488,368
Finance and Insurance I 481,234
Mining, quarrying and gravel extraction I 451,294
Construction I 431,562
Real estate business, goods leasing business INSSS——— 393,991
Manufacturing industry I 391,169
Education and learning support I 372,131
Complex Services Business I 369,057
Transportation, Postal Services IS 362,988
Medical Care and Welfare I 302,143
Wholesale and retail trade I 293213
Lifestyle-related services, entertainment NN 215 857

Labor shortages in the manufacturing industry are a problem in many countries. Is the main

cause of this problem the declining birthrate and aging population, as is often said in Japan?
Or is it because incentives are lower than in other industries, as shown in the graph above?
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https://www.stat.go.jp/data/nihon/19.html

WBEDOTO TN [HFDRIN DEVDIFFRASR] (2018-2019)

(Tk#%)

We discussed each society’s condition, workstyle, and policies of

future image of Human-Machine Interaction

DISCUSSION

Published Sep.2019

Dr. Nonaka

,

II"

fraunhofsl | ' ELECTRIC
lF[I - FESTO. RIETIT
mrwmmtwnmh:w -

@E’E‘?. 1P

i=acatech

NATIONAL ACADEMY OF
SCIENCE AND ENGINEERING

HITACHI

Inspire the Next

IIIIIIIIII

1INDUSTRIEA4.0

LN& TECHNISCHE
1;,..,- Y UNIVERSITAT 2
W'C DARMSTADT !

m Oy NESA =S PF1 T Bile
Raobot B luti & Industrial IoT Initiative

51K

f:_ ’ THE UNIVERSITY OF TOKYO

\/ BiEAE jﬁl

MEII UNIVERSITY

Universitit L
ﬁugﬁhurg
University

—
re—
=

k\\|

IJHI'ulI: HEIT!T
EH-M

‘ MITSUBISHI

T ZLAIST

Ref: https://en.acatech.de/publication/revitalizing-human-machine-interaction-for-
the-advancement-of-society-perspectives-from-germany-and-japan/

2024 Copyright Robot Revolution & Industrial 10T Initiative, All Rights Reserved.



WEDODTOS T MOF—AvtEz—=

(RH)
"TIFIALICKY . e ABIIEBRIICBITE I TRL,
ARV P I ZAF O X FIE TERN T EIZENTES | SOICRYEXT

Past Future
O
¢ N
- of 3 Qiaay o 3
HOman e Aid Machine
Tradition Operation Multiverse
Mediation

l

© Hitachi, Ltd. 2024. All rights r
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3. ILI7IHA(1981-1996 F A FN):90%H ik b DB A LA R Z
RULTWET[3]
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[1] AARP. (2023). "Older Workers and Collaborative Robots in Manufacturing."
[2] Mangfacturing Institute. (2023). "Generation X Perspectives on Cobot Integration.”
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ITEDN EHEM(SYIEERIRAZE CTH D . AZAWHI S IR DmRIEL C D@ Hh EREE

WHSE+FEXT. TRLVAEICKRUET,

~-FhuEEIN TS (REL)

Element
Motion

Reflection
behavior

huMan

Performance
management

Skill / carrier
management

Workforce
management

Servo control :
Trajectory

control

Machine

Processing phenomena

Transient
control

Wear / deterioration

Chemical reaction

Material

Flow control

Arrangement/tooling/exchange

Traceability management

Quality control

Physicochemical
phenomena

Method

Motion capturing / control

Task synthesis / planning

Dispatching

1us 1ms 1s 1min

HMI: Human-Machine-Interaction
ELSI: Ethical, Legal, and Social Issues

1hour

: Value chain
Process plannlng management
>
lday 1week lyear 10year

Time domain
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Performance Workforce Skill / carrier
huMan management management management
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Possible objects on the Asset Layer of RAMI 4.0

General Human
e Norms, standards, e Service technician

gen. procedures, recipes ® programmer
e Equipment types o worker
Physical assets e Product types / -families, . .

» Products, parts, production plans,
Asset components project plans

¢ Supplies e business processes
Laye r e Actuators * Actual states

Software » Data media, -lines * Life cycle

. Firm*:uan.a « Cabinet, paper documentation
e Application
e Tools

EmE

Source: ZVEI SG Modelle und Standards
http://www.plattform-i40.de/140/Redaktion/EN/Downloads/Publikation/structure-of-the-administration-shell.pdf? blob=publicationFile&v=6
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Examples of norms and standards providing properties for submodels of the Administration Shell

Examples of content of the Administration Shell

IEC TR 62794 &
IEC 62832 Digital Factory

IS0 29005 or URI Unigue ID

IEC 61784 Fieldbus Profiles Chapter 2
(Ethernet-real-time-enabled)

IEC 61360/15013584 Standard data element
IEC 61987 Data structures and elements
ecli@ss Database with product classes

IEC 61804 EDDL IEC 62453 FDT

EN IS0 13849
EN/IEC 61508 Functional safety discrete

EN/IEC 61511 Functional safety process
EN/IEC 62061 Safety of machinery

IEC 62443 Network and systemn security

IEC 62890 Lifecycle

ISO/IEC 20140-5

VDMA 24582 Condition Monitoring

Source; ZVEI SG Modelle und Standards

Administration Shell

Identifikation

Communication

Engineering

Configuration
Safety (SIL)
Security (SL)
Lifecycle Status
Energy Efficiency
Condition Monitoring

Other...
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Defined basic views for the Administration Shell

Basic view

Business

Constructive

Performance

Functional

Local

Security
Metwork view

Life cycle

People

Best practice/ examples

Data and functions are deposited which allow judging on the business suitability and performance of a component in the life cycle
phases Procurement, Design, Operation and Realisation. Examples: prices, terms of delivery, order codes

Contains properties relevant for the constructive deployment of the component, thus for selection and building structure. Contains a
structure classification system pursuant to EN 81346. Contains numerous properties in respect of physical dimensions and regarding
start, processing and output values of the component. Contains a modular view of subcomponents or a device structure. Allows an
automation view with inputs and outputs of different signal types.

Describes performance and behavioural characteristics in order to allow a summary assessment and Virtual Commissioning (V-IBN) of
an overall system.

Makes statements on the function pursuant to EN 81346 and on the function of the subcomponents. Here location of the individual
functions of the Technical Functionality also takes place, thus for example so-called “skills”, interpretation, commissioning, calculation
or diagnosis functions of the component.

Makes statements on positions and local relationships between the component or its parts or inputs and outputs2z,
Can identify a property as security-relevant. This property should be taken into account for an assessment of security.
Makes statements in respect of electrical, fluidic, materials flow-related and logical cross-linking of the component.

Contains data on the current situation and historical utilisation in the life cycle of the component. Examples: allocation to production,
maintenance protocols and past applications.

In all views properties, data and functions should appear such that humans can understand individual elements, inter-relationships
and causal chains.
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Figure 3: Overview of the current application scenarios
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