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), p.44

2-1 

2-1ṕ

͠ (

CFP DD )

(ipa.go.jp)

͠ ( CFP DD

), p.44

2-1 

2-1ṕ

͠ (

CFP DD )

(ipa.go.jp)

͠ ( CFP DD

), p.44

2-1 

2-1ṕ

͠ (

CFP DD )

(ipa.go.jp)

(

)

( )

CFP, ,DD

ṕ Ṗ

ẑ

GDPR

(

)

(Catena-X

)
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3. TF3  

 

3.1.  

3.1.1.  

circular manufacturing

 

 

 

 

3.1.2.  

circular manufacturingsmart manufacturing

[1]

1.4  

 

Ṅ

 

0.  

 

1. 

 

2. 

 

3. 

 

2021 7  

IoT  

IoT WGṕWG1Ṗ 
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data space data space

data space

0. 1.

0. 1.

circular manufacturingsmart manufacturing

0. 1.  

 

0. 1. ºAs-Isº

data space ºTo-

Beº 2. 3. Ṅ

0. 1. 2. 3.  

 

2. 3.

0. 1. 2. 3.

2. 3.

0. 1. ºAs-ISº 2. 3. ¬TO-BEº

 

 

data space

data space

RRI/AG4/TF1

TF2

 

 

3.1.3.  

 

 

 data space  
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 discrete manufacturing 

  

  

  

 

  

 intangible  

 

 

 

  

 

data space

 

1.  Ḳ 

 

2.  Ḳ 

 

 

3.  ṕcontext dataṖḲ 

CAD/CAMPLM

Ṅ

Ṅ

 

 

3. 1. 2, 

 context data  

 



 213 / 262 

 

3.2 use case

 

 

 

 data space

 

  

 1.,2.,3..

 

  

 

3.3 keyword  

objective -> activity -> process -> information -> data 

reference model, system architecture, semantic Model 

ontology, modularization, standardization 

semantic interoperability 

systematization of engineering knowledge: textbook knowledge 

  



 214 / 262 

 

3.1.4.  

 

 

  

 

MES, 

SCADA, PLC, CAD/CAM, PDM, PLM

context dataUse case

 

 

  

3.1.2 Ṅ

Ṅ

 

 

  

 Ṅ

 

 

 Circular manufacturing 

 circular manufacturing use case

Ṅ

data space  

 

 Smart manufacturing 

 smart manufacturing

data space  
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3.1.5.  

use 

case  

 

use case

use case

 

 

use case use case [2]

modelling schema[3, 4]  

 

3  
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3.2. Use case  

 

3.2.1. use case  

data space 3.1.3

1., 2., 3. 

use case  

 

Use case 3.2.3  

 

Use case 7. use casedata model

1.Ṍ3. 3.2.2 4.Ṍ7.3.4

 

1.   

2.  IDEF0  [3] 

3.  Input/output/control/enabler 

4.  data model  

5.  context datadata model  

6.  data model 

7.  data modeldictionary  

 

 

 1. use case use case 

activity -> process -> information -> data 

activitytop-downdata  

  

 case  

ü case 

ü case 

  

ü  

 use case  

ü  

 IDEF0  
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3.2.2. TF3 use case 

3.2.1 TF3 Ṅ use case

3.3  

 

use case  

Use case 1: ṕPSSṖ  [5, 6, 7] 

Use case 2:  

Use case 3: Customized Disassembly 

Use case 4: CO2  

Use case 5: MTP (Module Type Package)  [8 - 13] 

Use case 6:  [14 ² 18] 

Use case 7:  

Use case 8: ể  

Use case 9:  

Use case 10:  [19, 20] 

 

Use case 2 use case

3.3  

 

Use case 2:  

Ḳ

 

Ḳ 
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ActivityṕIDEF0 ṖḲ 

 

TF3-1 Use case 2ḲActivity 

ṕ Ḳ IoT /WG1/AG4/TF3Ṗ 

 

TF3-1 A D Fṕ Ṗ

E G, Hṕ Ṗ

context data

data space

 

  

Use case 2:

AⱧᾮⱧ
BⱧᾮ ᴂ“ ΣϢό
C ὓ
D ὓ  
E χ
FⱧᾮⱧ χṪ ᴣ
G ֫
H ֫ ḕẽ

A

B

C
C

C

D

D

F
F

D
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3.2.3.  

use case

data model dictionary

3.3.4

smart manufacturingreference model [21, 22]  

 

TF3-2 use case3.2.2

process life cycleresearch ² engineering ² design ² manufacture ² use ² 

circular activitylevel operate ² function ² process  

 

TF3-2 use case  

 

 

TF3-2 use case  

ṕ Ḳ IoT /WG1/AG4/TF3Ṗ 

 

¢Cо ¦ǎŜ /ŀǎŜ όǘƻ ōŜ ǳǇŘŀǘŜŘύ

ǊŜǎŜŀǊŎƘ ŜƴƎƛƴŜŜǊƛƴƎ ŘŜǎƛƎƴ ƳŀƴǳŦŀŎǘǳǊŜ ǳǎŜ ŎƛǊŎǳƭŀǊ

ƻǇŜǊŀǘŜ

ŦǳƴŎǝƻƴ

ǇǊƻŎŜǎǎ

tǊƻŘǳŎǘ

{ŜǊǾƛŎŜ

Use case 1

Use case 2

Use case 3

Use
case 4

Use
case 5

Use case 6

Use case 7

Use case 8

Use case 9

[ƛŦŜ ŎȅŎƭŜπн

{ŎƻǇŜπн

!ŎǝǾƛǘȅ
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3.3.  

 

3.3.1.  

3.1.2 data space AG4/TF1

TF2 TF3

 

  

  

  

  

 

TF3

Use case

 

 

1.4  

 

 

 meta model 

description of modelling elements for use in constructing models pertaining 

to a domain [ISO 19440:2020] [23] 

 model 

simplified, purposeful representation of certain entities and their 

characteristics and relationships either (a) using a formalism, or (b) using an 

established or ad hoc modelling paradigm, approach, or technique [IEC 

63339:2024] [22] 

 model kind 

category of model distinguished by its key characteristics and modelling 

conventions [ISO/IEC/IEEE 42010:2011] [21] 

 semantic model 

model kind which conveys meaning with respect to the elements of the 

model or to the model as a whole [IEC 63339:2024] 

 information model 

a formal model of a set of facts, concepts or instructions to meet a specific 

requirement [ISO 10303-1:1994] [24] 
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 data model 

graphical, lexical or combined representation of data, specifying their 

properties, structure and inter-relationships [ISO/IEC 11179-3:2023] 25[] 

 ontology 

explicit and consensual specification of concepts of an application domain 

independent of any use of these concepts [ISO 13584-511:2006] [26] 

 dictionary 

a table consisting of a series of entries. One meaning corresponds to each 

entry in the dictionary and one dictionary entry identifies one single meaning 

[ISO 13584-1:2001] [27] 

 

ṕmodelṖ

 

 

3.3.2.  

Ṅ  

 

[28]  

 

3.1. process-centric  model-centric  

1960 model

 

 

1970

model model

process-centric  model-centric  

 

solid modelling product 

model CAD/CAM
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3.2. CAD/CAM  

1980 CAD/CAM

product model  

Ṅ product model

Ṅ product model

ontology ontology Ṅ

ISO 10303-242 (STEP) [29]

 

 

product model

ontology  

 

3.ễ. PDM PLM, EPR 

1990 model

 

 

PDM (Product Data Management), PLM (Product Lifecycle Management), EPR 

(Enterprise resource Management)

 

 

3.4. MBD/MBE 

2000 model MBD (Model Based 

Design), MBE (Model Based Engineering)

 

 

2010 cloud IoT digital 

engineeringvirtual product creation model 

based  

 

Ṅ

model
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model

 

 

3.5. Data space for engineering 

data space ecosystem sovereignty

 

 

 

 

data space

ontology data space

ecosystem

 

 

 

 

3.3.3.  

 

3.3.3.1. framework for engineering data federation 

1.1 TF3-3 [30] 

 

(1)

common model

Ṅ data model

common model

common model

smart manufacturingcircular manufacturing

common model (2)

3.3.6

data model
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TF3-3  

ṕ Ḳ IoT /WG1/AG4/TF3Ṗ 

 

common modelstandard model

(2)

ontology standard model

dictionary common model

ontology bottom-up ontology common 

model ontology top-down

use case 3.3.6  

 

ontology (3)

ontology Ṅ

bottom-up (2) dictionaryontology

top-down ISO TLO (Top Level Ontology) [31, 

32]  

 

TF3-4 (2)

activity data model

aspect

context data data model activitydata model

ṕ3.4.1 use case data model Ṗaspect

data model
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aspectdata model

dictionary dictionaryaspect

ontology

3.3.6   

 

 

TF3-4  

ṕ Ḳ IoT /WG1/AG4/TF3Ṗ 

 

TF3-5 EPE data (Environmental Performance Evaluation 

dataḲ ) EPE data ISO 20140-5 ED2 

[33] ontology EPE data

class context data productprocess

use case

productprocessdata modelontology context data

productprocessdata modelontology

product modelISO 10303 series [24]process model

ISO 18828 series [34 - 38], IEC 62264 series[39] 

 

use case EPE data, product model data , 

process datacontext data (consolidate)

dictionary dictionary
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TF3-5 (Environmental Performance Evaluation data: EPE data) 

ṕ Ḳ IoT /WG1/AG4/TF3Ṗ 

 

3.3.3.2. semantic interoperability: context information 

context information

context data  

 

context information

 

 

 

 

ṕ Ṗ 

 

context information  

 

 

 

 

 

context information

data space business process
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Ṅ

context information  

 

context information

common ontology  

 

context information  

  

common ontologyḲ  

  

 

 

  

 

 

 

  

 

 

  

 

 

 

  

 

  

 

use case

 

 

TF3-6 Carbon Foot Print(CFP)

CFP CO2

CFP
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CFP

common ontology3.3.1

CO2 context informationcommon ontology

CFP  

 

TF3-6

CO2  

 

 

TF3-6 Carbon Foot Print (CFP) 

ṕ Ḳ IoT /WG1/AG4/TF3Ṗ 

 

3.3.4.  

 

3.3.4.1. Ḳengineering system  

Ṅ [40] 

 

TF3-7
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data space

 

 

 

TF3-7  

ṕ Ḳ IoT /WG1/AG4/TF3Ṗ 

 

TF3-8

data space

 

 

Engineering dataχ
Â άχⱢ πχϵрЅϯзрϽʾД˔Ќχ

Ῥ Ϭ  ΰם ᴟ(ЯЛ&Ђ˔РІ)βϥθϛτ σД˔ЌἪ

Â

Â ὓД˔Ќ:ם ᴟ τḩβϥД˔Ќ
Â Ex.ϯ˔ϺГϼЎа, Ὧ/Ṑ χ ᾝ,ᾥ ῈЯДиτϢϥ ᾝ(ЮϸИϸи&ЮϸЕк)̋ ДЅЌи ῈτϢ
ϥ ᾝ( ЫЄр,ϯиЁзЇЭ)̋ STEP(3D CAD),ὓ▄ЯДиτϢϥ ᾝ(S/W)

Â ϷЧй˔ЄдЗиʾД˔Ќ:М˔Жϳϴϯ ם ᴟ︣ τḩβϥД˔Ќ
Â ᾤˑχЫЄрϬᴶ ήδϥД˔Ќ

Â Ex. :Υ ΰῬ⌠ṐϬ ῈʺPLC:жЍ˔ᾠ῎, Cᾠ῎ ʺPCB/ ◓ᵕ :Ϲ˔Н˔Т϶˔ЫАЕ,
КАЕзІЕ , 3DФзрЌ:G-Code

Â ᾮ Д˔Ќ

Â ЫИвТϮϼЎазрϽʾФкЈІχ ῈτḩβϥД˔Ќ
Â SCADAπМрЖзрϽήϦϥД˔ЌἪ( πψ τ ṰήϦϥϓΦΤ?)
Â ἇ›Д˔Ќ

Â ḩ Д˔Ќ
Â ЂФжϱЎϴ˔рḩ Д˔Ќ
Â О˔Бḩ Д˔Ќ
Â ζχ
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TF3-8  

ṕ Ḳ IoT /WG1/AG4/TF3Ṗ 

 

TF3-8

TF3-9

TF3-9  

 

TF3-9  

ṕ Ḳ IoT /WG1/AG4/TF3Ṗ 

 

 

Engineering dataχТк˔(‰ )

ЂФжϱЎϴ˔рḩ
Д˔Ќ
О˔Бḩ Д˔Ќ
ζχ

ὓД˔Ќ:ם ᴟ τḩβϥД˔Ќ

ϷЧй˔ЄдЗиʾД˔Ќ:М˔Жϳϴϯ ם ᴟ︣ τḩβϥД˔Ќ

SCADAД˔ЌЈАЕ

PLC

ECO(Engineering Change Order)

ᵵ
ϯ˔ϺГ
ϼЎа

Ṑ ὓ
꜠Ὠ ὓ

Ṑ ὓ ם ὓ

ᵕ ὓ

Ṑ  ὓ Юϸ ὓ

Ῥ ὓД˔Ќ

ФкЈІπχ
ᾮ / ἇ›Д˔ЌMRO

► Тϰ˔иЖπχ
ᾮ / ἇ›Д˔Ќ

Engineering dataχжϱТЂϱϼиḚ χ‰ πχᵵ

ᴻḼᵊ/ᵫ / /ФкϽжЬрϽ ЮрГЗрІ/Ḽᵊ/ФкϽжЬрϽ

CRM

PLM

SCADAΚϥΜψSCADA ЄІГЭ

ERP

S
C
M/
S
R
M

Additive
Manufacturing?

Function additive
Software
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Ṅ  

PLM: Product Life cycle Management 

SCADA: Supervisory Control And Data Acquisition 

ERP: Enterprise Resource Planning 

SRM: Supplier Relationship Management 

CRM: Customer Relationship Management 

Ṅ

 

 

data space

product model

PDM (Product Data Management)

PLM PLM

ISO 10303-242 [29]  

 

SCADA

IoT

context information  

 

context 

information  

 

semantic interoperability TF3-

9

 

 

3.3.4.2. Ḳreference model 

aspect aspect

aspect collectiondimensiondimension

 

 

smart manufacturing systemreference model

IEC 63339 Unified reference model for smart 

manufacturing [F] aspectdimension
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aspectdimensionuse case

3.4.2.1 TF3-10 aspectdimension

 

 

TF3-10 dimension aspect 3.3.4.1

PLM SCADA aspect

 

 

TF3-10 Type-1, Type-2, Type-3 aspectdimension

Type-3 context aspect

dimension  

 

 

TF3-10  

ṕ Ḳ IoT /WG1/AG4/TF3Ṗ 

 

TF3-10 template

dimension3 dimension

2 dimension template  

 

TF3-11 TF3-10 scope dimensionactivity (process)

Level-1 dimension

ÅDimension*

ÅDomain: mechanical, electrical, electronics, material, energy, etc.

ÅScope: process, product, service

ÅType-1: concept, contents, management, usage, etc.

ÅType-2: objective, requirement, target, nominal, real, etc.

ÅType-3: environment, constraint, context**, etc.

ÅLife cycle-1: generate, use, store, reuse

ÅLife cycle-2: research, engineering, design, manufacture, use, circular

ÅLevel-1: concept, planning, functional, individual

ÅLevel-2: top-level, general, domain

ÅSystem hierarchy: requirement, architecture, functional, implementation

Åṏ

* Dimension ︡ Reference model︣ Ḯ

** ṕ ḭ ḭ ḭṏṖḭ ṕṖḭ ṕṖḭṏ

ṇ όǘƻ ōŜ ǳǇŘŀǘŜŘύ
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dimension TF3-11 activity (process)

dimension 2 template

dimension aspect

 

 

TF3-12 TF3-11 TF3-10 scope dimension

product/service dimensionTF3-11  

 

use case TF3-11 TF3-12

template  

 

 

TF3-11 Ḳactivity 

ṕ Ḳ IoT /WG1/AG4/TF3Ṗ 

 

ṇ όǘƻ ōŜ ǳǇŘŀǘŜŘύ

ǇƭŀƴƴƛƴƎ

ŦǳƴŎǝƻƴ

ǇǊƻŎŜǎǎ

ƛƳǇƭŜƳŜƴǘ

!ŎǝǾƛǘȅ 9ƴƎƛƴŜŜǊƛƴƎ Řŀǘŀ

ŘƻƳŀƛƴ ƭƛŦŜ ŎȅŎƭŜǎŎƻǇŜ ƭŜǾŜƭƘƛŜǊŀǊŎƘȅ

5ƛƳŜƴǎƛƻƴǎ όŀǎǇŜŎǘŎƻƭƭŜŎǝƻƴύ

ǊŜǇǊŜǎŜƴǘŀǝƻƴ

ǿƘŀǘ

Ƙƻǿ

tǊƻŘǳŎǘκ
ǎŜǊǾƛŎŜ
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TF3-12 Ḳproduct/service 

ṕ Ḳ IoT /WG1/AG4/TF3Ṗ 

 

  

ṇ όǘƻ ōŜ ǳǇŘŀǘŜŘύ

ǇƭŀƴƴƛƴƎ

ŦǳƴŎǝƻƴ

ǇǊƻŘǳŎǘ

ƛƳǇƭŜƳŜƴǘ

tǊƻŘǳŎǘκǎŜǊǾƛŎŜ 9ƴƎƛƴŜŜǊƛƴƎ Řŀǘŀ

ŘƻƳŀƛƴ ƭƛŦŜ ŎȅŎƭŜǎŎƻǇŜ ƭŜǾŜƭƘƛŜǊŀǊŎƘȅ

5ƛƳŜƴǎƛƻƴǎ όŀǎǇŜŎǘŎƻƭƭŜŎǝƻƴύ

ǊŜǇǊŜǎŜƴǘŀǝƻƴ

ǿƘŀǘ

Ƙƻǿ

!ŎǝǾƛǘȅ
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3.3.4.3.  

Ṅ

 

 

TF3-13 digital twin

Ṅ

[41] use case

ontology

 

 

 

TF3-13  

ṕ Ḳ IoT /WG1/AG4/TF3Ṗ 

  

9ũŜŎǝǾŜ ǳǎŀƎŜ ƻŦ ŀ ŘƛƎƛǘŀƭ ǘǿƛƴ ƛƴ ǘƻǘŀƭ ǇǊƻŘǳŎǘ ƭƛŦŜ ŎȅŎƭŜ

ÅbŜǿ ǾŀƭǳŜ ŎǊŜŀǝƻƴ ŀŎǝǾƛǝŜǎ ōŀǎŜŘ ƻƴ5ƛƎƛǘŀƭ ¢ǿƛƴŀǎ ŀ ǇŀǊǘ ƻŦ ŀ ǎƻŎƛŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ

5ƛƎƛǘŀƭ ¢ǿƛƴ
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TF3-14 smart manufacturing

[42]

 

 

 

TF3-14  

ṕ ḲCurrent Standards Landscape for Smart Manufacturing Systems[42]Ṗ 

  

ṇ όbL{¢Υ ̧ŀƴ [ǳύ
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TF3-15 PDM ISO 10303-242

product model data PDM

3.3.3.2 context information

 

 

 

TF3-15 ḲISO 10303-242 

ṕ ḲOverview of STEP AP242 ed1 status of development of AP242 ed2 and 

related activities of the CAx IF and PDM IF[49]Ṗ 

 

3.3.5. information modeldata model 

 

3.3.5.1.  generic data model 

3.3.1 information modeldata model  

 information model 

a formal model of a set of facts, concepts or instructions to meet a specific 

requirement [ISO 10303-1:1994] 

 data model 

graphical, lexical or combined representation of data, specifying their 

properties, structure and inter-relationships [ISO/IEC 11179-3:2023] 

 

L{h млолоπнпнΥ aŀƴŀƎŜŘ ƳƻŘŜƭπōŀǎŜŘ о5 ŜƴƎƛƴŜŜǊƛƴƎ




















































