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Interniol Organization for Standardization

What ISO Does

Develops International Standards
and other deliverables

for products, services, processes,
materials and systems,

and for conformity assessment,
managerial and organizational
practice.

ISO - the organization

Consists of a network

of the most representative
national standards bodies

from all regions of the world,
working in partnership with
international organizations

such as the United Nations,

its specialized agencies and the
World Trade Organization (WTO).
ISO’s origins

Founded in 1946 by delegates
from 25 countries, ISO began
operating on 23 February 1947.

162 Member Countries

How does it all fit together ? Below is a diagram of how the various
elements of the ISO committee structure fit together.
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ISO/TC 184/SC 4: Industrial Data

SCOPE:

Standardization of the content, meaning, structure, representation and quality
management of the information required to define an engineered product and its
characteristics at any required level of detail at any part of its lifecycle from conception
through disposal, together with the interfaces required to deliver and collect the
information necessary to support any business or technical process or service related
to that engineered product during its lifecycle.

Note: Lifecycle includes recursive recycling to a terminal state.

Direct Working Groups Participating members

765 26 3

Published ISO SO Standards under Joint Working Groups

Standards development 4 1 4
Internal Committees Observing members
Chair: Kenneth Swope \Th?ﬁ
SecrEtary: Ryan Mayes Lawrence D. Eic he-...r‘ Lea dership Award
6 & 9 Industry, Innovation and Infrastructure
Standards Build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation
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13 May, 2019

ISO/TC 184/SC 4 Organization

Change management advisory group
Implementation Forum

Policy & planning committee

Quality committee

Qil, gas, process, and power

Manufacturing process and management information TC 184/SC4 —
TC 184/SC5

Implementation methods and conformance

STEP product modeling and resources

Industrial data quality

Digital manufacturing

Formats for visualization and other derived forms of product data TC
184/SC4-TC 171/SC 2 -JTC 1/SC 24

SMRL validation team

Reference data validation team

Vocabulary validation team

Product Properties and classes and their identification

ISO/TC 184/SC 4 Industrial Data
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1ISO 15926-4 (40.99)
1ISO 15926-6 (20.20)
ISO 15926-10 (40.99)
1ISO 15926-14 (20.20)

1ISO 10303-1 (30.99)
1ISO 10303-15 (20.00)
1ISO 10303-16 (20.00)
1ISO 10303-17 (20.00)
ISO 10303-59 (20.00)
1ISO 10303-113 (40.00)
1ISO 10303-209 (10.99)
1ISO 10303-210 (20.00)
1ISO 10303-235 (50.20)
1ISO 10303-238 (20.00)
1ISO 10303-239 (20.00)
ISO 10303-242 (40.93)
1ISO 10303-243 (30.99)
SMRL V8.0

ISO 14306 ed3 proposed

ISO 23301 (20.00)

STEP Geometry services

13 May, 2019

Active Work in ISO/TC 184/SC 4 \

\26 AC We v

Product
Classification

T

Product

Libraries — ISO 13584

using ISO 22745

N

Data quality — ISO 8000

Oil and Gas — ISO 15926

A

ISO 23952 (30.99)

Quality Information
Framework

Factory

Product characteristics from ISO 22745

Interfaces
ISO 15531

Product Definition data
(STEP) — 1ISO 10303

Visualisation — 1ISO 14306,17506
v Y

ISO 18629
ISO 18876
ISO 18828

ISO 23247 (20.00)

Digital Twin manufacturing

framework

/ Industrial terminology using ISO 22745

Living Lab: Jira & Git hosted by ISO
Living Lab: URL mapping on iso.standards.org

STEP Extended Architecture
ISO/TC 184/SC 4 Industrial Data

ISO 8000-63
ISO 8000-64 (20.00

40.99)

)

ISO 8000-65 (20.00)
)

)

P e e

ISO 8000-66 (20.00
ISO 8000-81 (20.00
ISO 8000-116 (40.60)
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Smart Manufacturing @ ISO:

Global Product Data Interoperability Summit | 2019

Motivation

N NISTIR 8107
' February 2016
1ards |

Umsetzungsstrategie 14.0
April 2015
IEC PAS 63088
March 2017
RAMI
645/P.
T

Big Pictur
184/TR

Approve
JanuaryZO‘l 7

EC P

IEC/SG 8| £

IEC/TC 65/AHG 3

1SO/SAG| |-
I I Proposals
December 2016
. Referen —
(o]

ISO TMB Strategic Advisory Group
Industry 4.0/Smart manufacturing
Final Report to ISO Technical Management Board

September, 2016

10 Recommendations

* Formalize the definition

« Formalize a joint future with IEC and ITU

» Establish collaboration internally across ISO
» Act on exposed gaps in ISO/IEC Standards

TMB RESOLUTIONS: 103, 104, & 105
from 67th TMB MEETING
(10 September 2016, Beijing)

Boeing-KennySwope-ISO_Smart_Manufacturing-Open.pptx | 7



Smart Manufacturing Strategy

Global Product Data Interoperability Summit | 2019

* Form a Coordination Committee of
ISO Technical Committees

« Establish joint ISO/IEC coordination

Systems Committee
Smart Smart Manufacturing
Manufacturing -=T

« Agree on definition of Smart eammeire
Manufacturing

» Create Joint Working Group for a
Reference Model amatin oge

» Create a Task Force to map
standards to definition

"%F;W ;&?%‘RLOP;:SE'%"?\ F.ATT_IQ 2 0 1 9 Boeing-KennySwope-ISO_Smart_Manufacturing-Open.pptx | 8



IEC-ISO Definition of Smart Manufacturing
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IEC SEG7 — ISO SMCC Definition

Manufacturing that improves its performance aspects with integrated and
intelligent use of processes and resources in cyber, physical and human
Spheres to create and deliver products and services, which also collaborates
with other domains within enterprises’ value chains.

Note 1: Performance aspects include agility, efficiency, safety, security,
sustainability or any other performance indicators identified by the enterprise.

Note 2: In addition to manufacturing, other enterprise domains can include
engineering, logistics, marketing, procurement, sales or any other domains
identified by the enterprise.

Online Browsing Platform (OBP) W signin
A
ISO N = 1SO/TR 22100-4:2018(en) =
-4

ISO/TR 22100-4:2018(en) Safety of machinery — Relationship with ISO 12100 — Part 4: Guidance to machinery manufacturers for
consideration of related IT-security (cyber security) aspects

Action to all standards within ISO & IEC to :
incorporate definition when developing roton R —

1 Scope manufacturing that improves its performance aspects with integrated and intelligent use of processes and resources in cyber, physical and
Sta n d a rd S 2 Normative references human spheres to create and deliver products and services, which also collaborates with other domains within enterprises’ value chains

Note 1to entry: Performance aspects include agility, efficiency, safety, security, sustainability or any other performance indicators
identified by the enterprise.

Note 2 to entry: In addition to manufacturing, other enterprise domains can include engineering, logistics. marketing. procurement, sales or
any other domains identified by the enterprise.

"ﬁ;w ;&?%‘RLOP;:SE'&?\ F.ATT_IQ 2 0 1 9 Boeing-KennySwope-ISO_Smart_Manufacturing-Open.pptx | 9



“Smart Manufacturing” models by Country
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IEC TC65 & ISO TC184 JWG21
CN: Intelligent Manufacturing System Architecture

System
Hierarchy,

Ding Lu
1 hour

China

@] 'EC TC65 & 150 TC184 JWG21
US: NIST: Smart Manufacturing Systems:
Standards Landscape & Reference Models

Business
Product  DFSC|

P Source

"
oty

- o

- S5

Yan Lu
1 hour

@ @
Mig Pyramid £

Figure 1. Smart Manufacturing Ecosystem

smart

IECTC65 & ISO TC184 JWG21
FR: Reference model for the

iring standards |

Value chain Briant
@5

France

from and ini

(@] IEC TC65 & ISO TC184 JWG21
SE: Thomas Lundholm 2017-07-05

- LISA (line information system architecture)
- tweeting machine

- the Engineering innovation factory

- model-driven process and quality planning
- digital twins for efficient tool usage in manufacturing
- digital manufacturing infrastructure
- Swedish/German testbed for smart manufacturing.

| could briefly present some smart manufacturing results
tiatives in Sweden regarding:

Lindholm, Johnsson
1 hour

USA

Sweden

(@] IEC TC65 & ISO TC184 JWG21
CA: Wally Leonard

« currently I have no issues, other than a few concerns that | am hopeful will be addressed by the
forthcoming information package... these concerns stem from my initial take on the direction set by
the IS0 strategic business plan which defines a basis for manufacturing, smart automation an
smart manufacturing as a means to extend the enterprise capabilities of a manufacturing
organization... at the enterprise level, there are well defined principles and requirements to guide
the development of enterprise reference architecture and use of methodologies... its been my
experience, that reference models do not become technical rather they break down the concepts
of the enterprise into functional components enough to highlight the functional and cross-
functional integration points where information flows must be managed to protect the integrity of
critical data thru its life-cycle.

« finally and most importantly, enterprise reference models provide direction to refine critical
integration points to develop information transformations need/requirements that will maintain
the asset, operations and maintenance interoperability...

« below, | highlight a complete list of the ISO standards that represent what | just summarized for

ur consideration.

Wally Leonard 1 hour

* 1S0 N1749 -- business plan establishes the strategic needs and requirements of the ISO/TC 184
business environment

+ 150 15740 - industrial automation systems, requirements for enterprise reference architecture
and methodologies defines the key principles, design considerations and approaches to
developing reference architectures(models).

+ 150 15926 - Industrial automation systems and integration - Integration of life-cycle data for
procass plants including oil and gas production facilities

+ 150 18101 - Oil and Gas asset
(oa1)

and operations and

« Canvas from JP

Nonaka
1 hour

Unifed Reference Model

Model/Organization

Fanciion

IEC TC65 & 1SO TC184 JWG21
GE: IEC/PAS

Litg g,

- YOk

BC 6ggg & Valig Free >
=

Reference Architecture Model Industry 4.0 (RAMI4.0)

Hoffmeister
2 hours

Germany

(@] IEC TC65 & ISO TC184 JWG21
KR: Soonhung Han

* RAMI 4.0 + simplification proposal

ey i iy

A

Space axis 2

Time axis R

ISO

Soohung Han
1 hour

Korea

IEC TC65 & ISO TC184 JWG21
JP: Industrial value chain
reference architecture (IVRA)

' PlantProductProcess/Personnel

Smart
Menufecturing Plan/DoiCheckiAction
B u

uaity CostDalvryEnvrorment
N L

Ny

= iy iy Ogura
2 1 hour

Enterprise
Lovel

Department
Loval

Floor * Aftr Service
Loval

Devico
Covel

&
¢ sates and Logisics
&

Manufacturing Execution
~ Materal Procurement

aster Planning
. Koowledge | Engineering Flow
5

88 ¢ &
A

%,

o

C IEC TC65 & ISO TC184 JWG21
JP: A proposal of Smart Manufacturing reference model

Toru (Koji)

I I e | aneng ] i)

Construction

Operation tirement

Figure 4 — Interaction with external systems

Japan

(@) IEC TC65 & ISO TC184 JWG21
US: Dan Carnahan

« Enterprise Reference Architectures (ISO 15704 - Requirements for Enterprise reference
architectures and methodologies)

« Enterprise-Control Models (IEC [ISO] 62264 - Enterprise—Control System Integration)

* Key Performance indicators (ISO 22400 Manufacturing Operations Management - Key
Performance indicators)

+ Open Technical Dictionaries (ISO 29002 - Exchange of Characteristic Data)

+ Data Quality (1O 8000)

+ Open technical dictionaries (ISO 22745 - Application to Exchange of Master data)

* Oil & Gas Industry Interoperability (ISO/TC 184/ WG 6, Project ISO 18101 ~ Automation systems
and integration - Oil and Gas interoperability)

* Other relevant ISO/TC 184/5C 5 standards

Dan Carnahan
1 hour

ISO Standards

.... Others

+ Spain

+ UK

Japan

IEC TC65 & ISO TC184 JWG21
US: Richard Martin

* Attached are:

« 1) alist of eight (8) questions regarding the JWG21 Terms of Reference
(Several are naively stated to make sure | understand the intent of the JWG21
effort while others seek to clarify the guidance the Terms of Reference are to
provide),

+ 2) a spreadsheet based upon I1SO 15704 — Requirements for enterprise-
reference architecture and methodologies, with an assessment of several
documents against conformance with ISO 15704, and

+ 3) several articles highlighting aspects of the “smart manufacturing” concept.

+ And some documents regarding smart manufacturing

No presentation planned

SO 15704

S ¥anada

+ Italy

40
o

Boeing-KennySwope-ISO_Smart_Manufacturing-Open.pptx | 16



Smart Manufacturing @ ISO: Approach
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. Smart Manufacturmg standard SM
A

is collaboratlon wn.h

is aggregation is composition

L ] [ ]
« Utilize 1ISO 42010 to develop a e v
I IZ V is aspect *model_content is conjunction ° D”ecnfa o orleﬁnfa o
|_intersection within purpose of one or more
is constraint:
— for is -"
is intersection of is origin sEd. develo_per][ kprackltlongr }
. . . one or more ‘ - xwe?siw‘ f persiectlve pers‘pecﬂve
*facet_ is representation-} of |
» Validate Country contributions to P L
I I I _rule one or more !')sf f::‘r:ﬁ:sr':g’rl . Nk ongils" )
A
M t M d I ® ccns"aint/v i = developer
e a = O e FTF kno:n by expressnon mptfu re concerr)n
l |spro;|ect|or|
. e ct_collecti of is sel >ct|on s
° I e oherence. " || (@imensian) artiation
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o
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the method
container for
n
* Develop an International
Standard for the reference model
business “layers”
| ] L ]
* Release in parallel in ISO and
product “life cycle & scope s Rl
value stream”
. ) “hierarchy 1
manufacturing Levels” L :

knowledg]e/engineering
flow”

intelligent ISMA

Function”

activity

“life cycle” (
view

mgmt
“system demand/supply view

Hierarchy” flow
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Validation Examples to demonstrate model quality

Global Product Data Interoperability Summit | 2019

Scandinavian Smart Industry Framework mapping to SMRM Meta-model v1

1SMA model mapping to SMRM Meta-model

omtrsta 2 achieyng the s for mch T acet et (08 the masti-

Facet- crom r miste avpact eoflecios Istarssctng suck S s3rma ol tha reruecting

2 [Cf ek -
st 103 a1

oy bt <o
B
i e
e o + !
= =
= =
Smart Manufacturing is standard
h 2 R T — framework is represented by domain participant in developer
N e o el 14 s e
The iamten of e e e tpest Imenecion 5 he s WU of e COMEIN, mag cxmceton o sy e -
. vy e
4t s ;

Frochactfineagration, Prackrction Productics o
2ot cald s sawpcart i the mata-rote, B
e e o,

17 Vit of
o, Campation n Precuren Whis
S

Camtae o 4 il

is aggregation is composition is collaboration with
of one or more of many

is aspect

et

is orientation  is orientation
of

= -
o
e
*model_conten is conjunction of S
= |_intersection within purpose of anelormore
is constraint——""
for

is intersection of / o5 | [(sta. developer "practitioner
s = Is complicated ol *perspective || *perspective
aspect |—expression—{ Syt ooint of
is representation| of | /A
composition of a collection of |
is composition ple
ule *aspect_ one or more | (% composition . s
viewpoint

Q@

oner
concern

@

is constraint
o 2 *View }—expression
RAMI 4.0 model mapping to SMRM Meta-model vi T e

concern

&

is projection
of is sel

NIST model mapping to SMRM Meta-model vl
fcon
i *model

_content amu:i a0er eaii. 101 .
= Interoperability of Meta-Models % : =l =
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Boeing-KennySwope-ISO_Smart_Manufacturing-Open.pptx | 1é



Roadmap to Smart Manufacturing: ISO/TC 184/SC 4 Industry Day, Nov. 2018

Global Product Data Interoperability Summit | 2019

_ _ E Group Activity _
° Strategy: I nd ustrlal PerSpeCtlve What needs to be on the roadmap to implementing smart

manufacturing?
« Agreement on definition and lexicon for
smart manufacturing
« Simple scope, small pilots, early wins

)

- Data security & provenance > sonr /st 'v | _
« Common ontology & terms across s ek L - - e e
o LEUEZAGE ngﬂ;_]ﬂ(?& - H_HIT =z T
standards il m—
* Interoperability targets & capabilities P sy s 5 HE)
. lity of information, pedigree of data el e
Qua I y O. ) p g - acoﬁo;:mfe/m o DIAITRL OWUERSHIf 2
° Data Eth'CS + B0V, Susthunae, su LA LTS

o RIGHTS mGrT e, |

« “Happy Humans” I Sk e,

Ditirar. Tasndss

- Clear boundaries o e T
- Establish paths to wisdom from data 2 sogn
» ISO cadence improvements yn S48 seseane

"'ﬁ;w ;&?%‘RLJ“;:SE'&ET\ F.ATT_IQ 2 0 1 9 Boeing-KennySwope-ISO_Smart_Manufacturing-Open.pptx | 13



ISO 23247: Digital Twin Manufacturing
Framework

User Domain (UD)

User Interface FE ISO 23247
\_ Part 1 Overview

: Part 2 Architecture
Product Models S &{Emce — esourceAccg}& e Part 3 Digital Representation

—Domalh (OMD) (ASD) Domaip {RAID) £ Part 4 Information Exchange
Synchronization 0&M Support . . . Interoperability Plug & Play =
FE FE Simulation FE Reporting FE Support FE Support FE g
w
w @
. Virtual Analytic Service Application Access Control Peer Interface o w w o
Visualization FE | | =\, ling FE FE Support FE FE FE g - £ =
U sl sl &8
[ri] H > -
30 HZ @ g 2 ; E [?::,21::?31 CAM Process CNC or CMM
2 < £ S initi ;
E s £ g (Including GD&T) Definition Machine
o o =
- b @ -
- 0 AqQ ata mz g e » & >0.001Hz STEP-NC <1KHz
- [=]
2 Digital MTC t SHDR
. _ & Bl onnec
Data Collecting Data .Pre Controlling FE Actuation FE Identification FE 3 Twinning
FE Processing FE G System
ISO NWI 23247 Qlf
100Hz 1}
A a g Displa
CN C Physical Manufacturing Elements Domain (PMED) B
Elements-peculiar FEs Commlttee Draft In Ba”Ot

loT Architecture (ISO 30141)



Digital Twin @ ISO

Multiple Committees in ISO focused
on Digital Twin

TC 184 formed an AdHoc Group to
propose a definition for the Digital
Twin and provide a recommendation

on a program of working including
possible collaboration with IEC/TC 65

The AdHoc is developing a proposed
definition, architecture landscape,
and use cases

JTC 1/SWG 7 launched Advisory
Group on Digital Twin;

JWG 21 formed a Task Force to

mature
1 May, 2019

—

Working Definitions

Digital Model: A Digital Model is a fit for purpose collection of information about something
designed to support some decisions related to it.

Digital Twin: A Digital Twin is a digital model of a particular physical entity or process with
data connections that enable convergence between the physi|
an appropriate rate of synchronisation.

| Furthercomments:

Digital Twin: Aerospace & Defense Use Case

JETI, its Role -

0 JTC 1 Emerging Technology and
Innovation (JETI)

Process

ISO/TC 184/SC 4 Industrial Data: SMCC Status Report

15




1SO
v~ g

Committee Innovations: Improvement @ ISO

TC 184/SC 4: Industrial Data

1ISO 8000-2

— Twice a year release of vocabulary using amendment
procedure

— Renewed to demonstrate process

O 10303-242

— Utilize Jira/Git to implement “Agile @ ISO” for
computer interpretable content

— ISO evaluating implementation, approval anticipated

O 15926-4

— Update standards.iso.org to provide version
references “One-click” from the standard

— Concept demonstrated, gaps identified in
infrastructure

18 Sept, 2019 ISO/TC 184/SC 4 Industrial Data: Status Report

B

Living Lab Report: ISO 8000-2
77" Plenary TC 184/SC 4: Industrial Data

Project:
ISOITC 184/SC 4/'WG 13 (Industrial Data Quality) has adopted the process for standards as a database as the
means by which (o mafiage and pubish the vocabuiary o support al i parts of O BU0D. Tris vocabuary
now resides i a pubiished part (/SO 8000-2:2012, Data quality — Part 2: Yocabulary) and in three change

uests, which are in different stages in the process for standards as a dalabase. This project is protofyping
the implementation of this vocabulary in computer sensible form and replacing the standard document with &
digital ready version
Recommendations:
1.The project successtuly demonstrated a Microsoft Word based process using existing ISO templates and
funciionality of Word Mail Merge for managing & Gatabase approach to publicalion of a vocabulary standard
inta the Project Portal and the Oniine Brawising Platiorm. THe project team recammends that the process be
adopted as a praciice for publishing this fype of document and made available to document authors who
publish vocabulary with accelerated schedules.
2.The project experienced leamings around the smendment procsdurs with ihe project portal and racommends
inat adional training b developed 1o clarry the SUBMISSIon st2ps Using the IS0 toois for amendments

)

(Section 2.10 SO Directives Pa

N3361 Final Report provided to the May mesting of the TMB:

- H

Living Lab Report: Jira / GIT
77t Plenary TC 184/SC 4: Industrial Data

Project:
ISOMTC 184/SC 4 rrently manages an extensive architecture and tool chain for @ computer generated
0303 tha nlegrates all the parts of the standard coupled with integrated quality checks and

n 16 IS0 managed outside the ISO environment and is fraquently challenged with support
and technology cbsclescence. This project deploys a GI
management system within the ISQ IT infrastructure enabiing th
including models, schemas, valid ing tacls. This is
standards that utilze code management more that document manag

ewed as a prototype fi
ent inthe develop

Status:
ounseil is temporarily hosting the source en intemal CVS services until @ complete 1SO transition can take

+ IS0 CS has instantiated the GIT repository and JIRA work flow management solution

+ Final report submitted to the TMB

+ 1SO CS supports the recommendations and requests SC4 metrics for a business case
+ Please respond to the survey sent out

+ $C 4 preparing an additional project on continuous integration with Bamboo

Pilot extended to ISO/IEC JTC 1/SC 37 20d running until 2018-11-01

B

Living Lab Report: ISO 15926-4 URI’'s
77" Plenary TC 184/SC 4: Industrial Data

tve of edition of the
sting i ation by

3

gvaton il propose the use of URIS In standards iso.org that denuty siectronic nserts i
n of the elecironic nser or farma lectranic insert. This is in addition ta the
ton that is parted by s o

ing

dan
s fully compliant with e content
4

ferencing lat or spe
for using standards.iso.org since

structur
ons of standards.
will be balloted as part of |5

URI will provide infermation about the versians of the el ert, the formats in which they are

Dereferencing this U
avallable, and their statuse:
This UR| will be a development of the URI's as defined in RFC 5141

Status:

« A package consisting of the html posted

+ Statusreport provided to TMB

« Openissue with standards.iso.orgin work

N3362 Status Report provided to the May meeting of the TMB

16
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Questions?
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Joint Working Group 21

Smart Manufacturing Reference Model
ISO IEC

TMB SBM

CSmg_rt I\:I_anUéacturi_rEE Systems Committee
oordination Committee Smart Smart Manufacturing

Manufacturing o

Reference
Architecture . XX TCs

Smart
Manufacturing
Framework &
Architecture Smart

Smart through life
architecture

Manufacturing
Information Model

18
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Scandinavian Smart Industry Framework mapping to SMRM Meta-model v1

+Facet - one or more aspect collection intersecting such that some of the intersecting
" aspects from different aspect collections have meaning for smart manufacturing and
s contribute to achieving the purpose for which the facet exists. (Of this multi-

Vi dimensional space only certain sub-dimensionalities make sense to SM and the
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The content of the purpose derive aspect intersection is the cross product of the conten
of the intersecting aspects, i.e. the model content projected to compose the view(s) that
comprise each of the intersecting aspects. As shown above: Business(Interface),
Product{integraticn), Production{Production resource, Compaosition in Production). While
not called a viewpoint in the meta-model, this intersection is 2 conjunction of the
separate viewpoints that govern the content of the views from which it is composed —a
kind of super-viewpoint that results from the concerns of many stakeholders.
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RAMI 4.0 model mapping to SMRM Meta-model v1

- one or more aspect collection intersecting such that some of the intersecting
aspects from different aspect collections have meaning for smart manufacturing and
contribute to achieving the purpose for which the facet exists. (Of this multi-
dimensional space only certain sub-dimensionalities make sense to SM and the
purpose of the meta-model is to facilitate the
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The contant of the purpose derive aspect intersection is the cross product of the conten
of the intersecting aspects, i.e. the model content projected to compose the view(s) that
comprise each of the intersecting aspects. As shown above: Layers{Functicnal,
Information), Hierarchy Levels (Connected World, Enterprise), Life Cycle & Value Stream
(Development). While not called a viewpoint in the meta-model, this intersection is a
conjunction of the separate viewpaoints that govern the content of the views from which
it is composed — a kind of super-viewpoint that results from the concerns of many
stakeholders.
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Facet - one or more aspect collection intersecting such that some of the intersecting
aspects from different aspect collections have meaning for smart manufacturing and
contribute to achieving the purpose for which the facet exists. {Of this multi-

dimensional space only certain sub-dimensicnalities make sense to SM and the —_—
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model content, or assigned to concepts in The content of the purpose derive aspect intersection is the cross product of the content
complicated, i.e. only a model of the intersecting aspects, i.e. the model content projected to compose the view(s) that
expressible by composing an comprise each of the intersecting aspects. As shown above: System
aspect from more than one Hierarchy(Cooperation, Enterprise], Intelligent Function{Information Fusion), Life
kind of view from model Cycle{Design). While not called a viewpoint in the meta-model, this intersection is a
content. conjunction of the separate viewpoints that govern the content of the views from which

it is composed — a kind of super-viewpoint that results from the concerns of many
stakeholders.
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NIST model mapping to SMRM Meta-model v1

Facet - one or more aspect collection intersecting such that some of the intersecting
aspects from different aspect collections have meaning for smart manufacturing and

- contribute to achieving the purpose for which the facet exists. (Of this multi-
dimensional space only certain sub-dimensionalities make sense to SM and the
purpose of the meta-model is to facilitate the
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The purpose of this model is to identify standards applicable for resclving concerns of the various aspects of smart manufacturing, particularly those standards that apply at the complicated, ie. only
intersection of aspects. The elements of the purpose derive aspect intersections become the Smart Manufacturing Landscape. Three sets of life cycle phases, one each for expressible by compasing an
Business, Product, and Production, intersect at each of the 4 tiers of the Mfg Pyramid, e.g. {Business manufacture, Product manufacture, Production manufacture, Manufacture aspect from more than one
HMI/DCS). Missing from the figure are important interconnection paths among the many aspects of smart manufacturing useful in capturing its digital thread. In total these kind of view from medel

intersections identify source material for searching the libraries of standards for those applicable at the intersection, i.e. the Smart Manufacturing Standards Landscape is a canten

conjunction of the separate viewpoints that govern the content of the views from which it is composed and an articulation of the standards pertinent to that context.
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Group Activity

What needs to be on the roadmap to implementing smart
manufacturing?
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Team 1: Summary

What needs to be on the roadmap to implementing smart manufacturing?
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Quality of information,
pedigree of data

Team 2: Summary

What needs to be on the roadmap to implementing smart manufacturing?
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Team 3: Summary

What needs to be on the roadmap to implementing smart manufacturing?
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Team 4: Summary

What needs to be on the roadmap to implementing smart manufacturing?
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Team 5: Summary

What needs to be on the roadmap to implementing smart manufacturing?
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