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Intellectual Property Rights
Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI membersand non-members, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Palicy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not congtitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Foreword

This Technical Specification (TS) has been produced by EFSI Technical Committee Smart Machine-to-Machine
communications (SmartM2M).

The present document is part 5 of a multi-part deliverable-covering Smartvi2M; Extension to SAREF, asidentified
below:

Part 1.  "Energy Domain";

Part 2:  "Environment Domain";

Part 3:  "Building Domain";

Part4:  "Smart CitiesDomain";

Part 5: "Industry and Manufacturing Domains";

Part 6:  "Smart Agriculture and Food Chain Domain”.

Modal verbs terminology

In the present document “shall”, "shall not", "should", “should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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1 Scope

The present document presents SAREFAINMA, a SAREF extension for the Industry and Manufacturing domains.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected |ocation might be found at
https://docbox.etsi.org/Reference/.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] ETSI TS 103 264 (V2.1.1) (2017-03): "SmartM2M; Smart A ppliances; Reference Ontology and
oneM2M Mapping".

2.2 Informative references

References are either specific (identified by date-of publication‘and/or edition number or version number) or
non-specific. For specific references, only the.citedversion.applies. For non-specific references, the latest version of the
referenced document (including any amendments) ‘applies:

NOTE: While any hyperlinksincluded in this clause.vrere valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.9 ETSI TR 103 411 (V1:111) (2017-02): "SmartM2M; Smart Appliances; SAREF extension
investigation".

[1.2] ETSI TR 103507 (V1.1.1) (2018-10): "SmartM2M; SAREF extension investigation;
Requirements for industry and manufacturing domains’.

[i.3] ETSI TS103410-3 (V1.1.1) (2017-01): "SmartM2M; Smart Appliances Extension to SAREF;
Part 3: Building Domain".

[i.4] ISO/IEC 11179-6: "Information technology -- Metadata registries (MDR) -- Part 6: Registration”.

[i.5] 1SO 29002 (all parts): "Industrial automation systems and integration -- Exchange of characteristic
data".

[i.6] SO 6532: "Portable chain-saws -- Technical data".

[i.7] BS EN 10204 (2004): "Metallic products -- Types of inspection documents”.

[i.8] IEC 61512 (all parts): "Batch control".

[i.9] ISO/IEC 11578:1996: "Information technology - Open Systems I nterconnection - Remote

Procedure Call (RPC)".
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[i.10] Recommendation ITU-T X.667/ISO/IEC 9834-8:2005:" Information technology -- Procedures for
the operation of object identifier registration authorities: Generation of universally unique
identifiers and their use in object identifiers".

[i.11] ETSI TS 103 264 (v.3, work in progress): "SmartM2M; Smart Applications,; Reference Ontology
and oneM2M Mapping".

[i.12] IEC 62264 (all parts): "Enterprise-control system integration”.

3 Definition of terms, symbols and abbreviations
3.1 Terms

For the purposes of the present document, the following terms apply:

ontology: formal specification of a conceptualization, used to explicitly capture the semantics of a certain reality

3.2 Symbols

Void.

3.3 Abbreviations

For the purposes of the present document, the followifig abbreviations apply:

ABS
BIC

BS

EAN

EN

GSl1
GTIN
GUID

ID

IEC

IRDI

1SO

ITF
ITU-T
OWL
OWL-DL
QR
RAMI
RFID
RPC
SAREF
SAREF4BLDG
SAREF4INMA
TR

TS

ucc
UPC
UPC-A

Acrylonitrile Butadiene Styrene

Brainport Industries Campus

British Standard

European Article Number

European Norm

Global Standards One

Globa Trade Item Number

Globally Unique | Dentifier

Identifier

International Electrotechnical Commission
International Registration Data |dentifier
International Organisation for Standardization
Interleaved 2 of 5

International Telecommunication Union - Telecommunications sector
Web Ontology Language

Web Ontology Language - Description Logic
Quick Response code

Reference Architectural Model Industry 4.0
Radio Frequency Identification

Remote Procedure Call

Smart Applications REFerence ontology
SAREF extension for buildings

SAREF extension for industry and manufacturing domains
Technical Report

Technical Specification

Uniform Commercial Code

Universal Product Code

Universal Product Code

NOTE: UPC-A isan 11 digit variation of UPC, as opposed to UPC-E which isthe 6 digit variation.

UuID

Universally Unique Identifier

ETSI
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4 SAREF4INMA ontology and semantics

4.1 Introduction and overview

The present document is atechnical specification of SAREF4INMA, an extension of SAREF that was created for the
industry and manufacturing domain. SAREF4INMA was created to be aligned with related initiatives in the smart
industry and manufacturing domain in terms of modelling and standardization, such as the Reference Architecture
Model for Industry 4.0 (RAMI), which combines several standards used by the various national initiativesin Europe
that support digitalization in manufacturing. These initiatives include, but are not limited to, the platform Industrie 4.0
in Germany, the Smart Industry initiative in the Netherlands, Industria 4.0 in Italy, the 'Industrie du future initiative' in
France and more.

SAREF4INMA isan OWL-DL ontology that extends SAREF with 24 classes (in addition to a number of classes
directly reused from the SAREF ontology and the SAREFABLDG extension), 20 object properties (in addition to a
number of object properties reused from the SAREF ontology and the SAREF4BL DG extension) and 11 data type
properties. SAREF4INMA focuses on extending SAREF for the industry and manufacturing domain to solve the lack of
interoperability between various types of production equipment that produce itemsin afactory and, once outside the
factory, between different organizations in the value chain to uniquely track back the produced itemsto the
corresponding production equipment, batches, material and precise time in which they were manufactured.

The full list of use cases, standards and requirements that guided the.creation of SAREF4INMA are described in the
associated ETSI TR 103 507 [i.2]. The "zero defect manufacturing*-use case has begrnrused as basis for the creation of
SAREF4INMA in the present document. This use case is concerned with improving the manufacturing processin terms
of flexibility to timely change from one manufactured product to another, generating as little yield loss as possible. Also
the "smart services for product in use" and "smart productlifecycle” use cases are'acknowledged in the associated ETS|
TR 103 507 [i.2] as especially relevant for SAREF4INMA, aSthey pose semantic interoperability issues for,
respectively:

1) the manufacturing companies that remain responsiblefarthesproper functioning of a product during its entire
lifecycle, also when the product has |eft the factory; and

2) thevarious, interacting partiesinvolved in the value.chain (e.g. manufacturer, user, servicing organization,
parts supplier, etc.) that need to refer to a commoiidigital footprint of a product to allow for its management
during its entire lifecycle.

Note that SAREF4INMA specified in the present document provides afirst SAREF extension for the industry and
manufacturing domain, based on the (limited set'of) use cases mentioned above and an initia list of standards for
digitalization, communication, engineering and life-cycle, covering relevant concepts such as factory, production
equipment, item, material and batch, as'described in ETSI TR 103 507 [i.2]. However, as al the SAREF ontologies,
SAREF4INMA is a dynamic semantic model that should be used, validated and improved over time with and by the
stakeholders in the industry and manufacturing domain in an iterative and interactive manner to accommodate more use
cases, standards and generate new requirements as needed.

The prefixes and namespaces used in SAREF4INMA and in the present document are listed in Table 1.

Table 1: Prefixes and namespaces used within the SAREF4INMA ontology

Prefix Namespace
s4inma https://w3id.org/def/sarefdinma#
saref https://w3id.org/saref#
s4bldg https://w3id.org/def/saref4bldg#
dcterms http://purl.org/dc/terms/
owl http://www.w3.0rg/2002/07/owl#
rdf http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs http://www.w3.0rg/2000/01/rdf-schema#
skos http://www.w3.0rq/2004/02/skos/core#t
om http://www.wurvoc.org/vocabularies/om-1.8/
xsd http://www.w3.0rg/2001/XMLSchema#
geo http://www.w3.0rg/2003/01/geo/wgs84 _pos#

ETSI
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4.2 SAREF4INMA

421 General Overview

An overview of the SAREF4INMA ontology is provided in Figure 1, where rectangles containing an orange circle are
used to denote classes created in SAREF4INMA, while rectangles containing a green circle denote classes reused from
other ontologies, such as SAREF or SAREF4BLDG. For all the entities described in the present document, it is
indicated whether they are defined in the SAREF4INMA extension or elsewhere by the prefix included before their
identifier, i.e. if the element is defined in SAREF4INMA the prefix iss4i nna, whileif the element is reused from
another ontology it isindicated by a prefix according to Table 1 (e.g. sar ef refersto SAREF and s4bl dg refersto
SAREF for building).

Arrows with white triangles on top represent ther df s: subCl assOF relation between two classes. The origin of the
arrow is the class to be declared as subclass of the class at the destination of the arrow.

Directed arrows are used represent properties between classes.

Note that Figure 1 aims at showing a global overview of the main classes of SAREFAINMA and their mutual relations.
More details on the different parts of Figure 1 are provided from clause 4.2.2 to clause 4.2.4.

= i
dinma:ActualM remen ) '
| @sarefFeatureOfinterest | | ® sdinma:ActualMeasurement l sdinma:ExpectedMeasurement

N

? gdinmadWleasurement ]
T4\ Y ae—

| sdinma:size | o WyriaisEeatureOfiiterestQEQY. odWmmaisFeatureOfinterestOf

sdmma Batch |

| ® sdinma:ltem | ® sdinma:ltemBately #3dingiaMatedalBatch
[ — sdinmaisCreatedin 1 O & v

vbelongsToCateao
VCatetion

'_Si'_”_”?P;MEt_E.E‘E'EEt_E.M_l

| @saref: Dewce_‘ Q W sarefthasFunction @ saref.Function
r - | : ® sdinma:ProductionEquipmentFunction
[ ® sdinmarProductionEquipment sdinma:ProductionEquipmentCategory ! ! L !
L
S — T : # sdinma:Facto
sdinma:WorkCenter | [®sdinmassite | [® sainmacArea | __'T‘,"_]
L 1 L |
sdbldg.contains \z:\ / s4bldg:hasSpace
I 1
# sdbldg: PhysicalObject | | # sdbldg:BuildingSpace | | # sdbldg: Building |

Figure 1: SAREF4INMA overview

Figure 2 shows the hierarchy of classes and properties defined in SAREF4AINMA.

Orange circles represent classes of SAREF4INMA. Object properties - which are properties between two classes - are
denoted by blue rectangles, while datatype properties - which are properties between a class and a data type, such as
xsd: string orxsd: dat eTi ne - are denoted by green rectangles.
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Classes 't Properties
s4inma:Area = sdinma:belongsToCategory
v ® sdinma:Batch = sdinma:consistsOfBatch
sdinma:ltemBatch = s4inma:consistsOfitem
s4inma:MaterialBatch = sdinma:creates
sdinma:Factory = sdinma:hasFeatureOfinterest
v ® sdinma:lD ~ = sdinma:hasldentifier
s4inma:GTIN12ID = s4inma:hasGTIN12ID
s4inma:GTIN13ID = s4dinma:hasGTIN13ID
s4inma:GTIN14I1D = s4inma:hasGTIN14ID
s4inma:GTIN8BID = sdinma:hasGTIN8ID
s4dinma:lRDI = sdinma:hasIRDI
sdinma:uuID = sdinma:hasUUID
< s4inma:ltem = sdinma:hasSize
sdinma:litemCategory = sdinma:hasUpdate
sdinma:MaterialCategory = sdinma:isCategoryOf
~ ® sdinma:Measurement = sdinma:isCreatedin
sdinma:ActualMeasurement = s4inmaisFeatureOfinterestOf
sdinma:ExpectedMeasurement = sdinma:isProducedBy
« ® sdinma:ProductionEquipment = sdinma:needsEquipment
sdinma:WorkCenter = sdinma:produces
sdinma:ProductionEquipmentCategory = sdinma:hasCertificate
s4inma:ProductionEquipmentFunction v = sdinmathas|DValue
sdinma:Site = sdinma:hasGTIN12IDValue
sdinma:Size = sdinma:hasGTIN13IDValue

= sdinma:hasGTIN14IDValue
= s4inma:hasGTIN8IDValue
= sdinmachaslRDIValue
% sdinma:hasUUIDValue
= sdinma:hasModelNymber
= gAnma:hasSerialNumbgt
®¥sdinma:hasVersfon

Figure 2: SAREF4INMA classes and properties hierarchy

422 Iltem and Batch

This clause focuses on the classes of SAREF4INMA that 'describe an item produced in a factory. The classes of interest,
which ares4i nma: | t em s4i nma: | t enCat egory:S4i nna: Mat eri al Cat egory, s4i nma: Bat ch,
s4i nma: | t enBat ch, s4i nma: Mat eri al Batchand s4i nma: | D, are shown in Figure 3.

An ltem is atangible object that represents either the goods produced by an organization's production process or
individually traced supplies (i.e. sub-assemblies of supplies). Anitem can be individually traced using an ID.
SAREF4INMA allows to use severa typesof 1Ds, such asthe Global Trade Item Number (GTIN) defined by GS1
(https.//www.gsl.org/), used by organizations to uniquely identify their trade items as products or services that are
priced, ordered or invoiced at any point in the supply chain. There are four GTIN formats (GTIN-8, GTIN-12,
GTIN-13, GTIN-14) and SAREF4INMA defines classes and properties for each of them. SAREF4INMA defines also
classes and properties to associate items to the International Registration Data Identifier (IRDI), which is based on the
international standards ISO/IEC 11179-6 [i.4], SO 29002 [i.5] and 1SO 6532 [i.6]. An example of relevant standard
that uses IRDIsis the eCl @ss specification (https.//www.eclass.eu/en/) for grouping materials, products and services.
Other types of 1Ds are defined in SAREF4INMA, such as the Universally Unique Identifier (UUID), or can be further
defined ad-hoc by the ontology users by creating new classes as subclasses of thes4i nma: | D class.

An Item can recursively consist of other items (e.g. a shaver consists of a shaver head, motor and body) and can be the
feature of interest of a measurement (e.g. a shaver can be the feature of interest of a temperature measurement made by
awelding machine used to join different parts in the production of the shaver). Anitemis created exactly in one
ItemBatch, which describes a uniform collection of items produced at a certain time using a certain production
equipment. An ItemBatch consists of a set of items with similar properties (e.g. a certain brand and model of sensors
made using a certain production ling). An ItemBatch is a specialization of the more general Batch, which can be further
specialized in a Material Batch. The difference between ItemBatch and MaterialBatch is that individual items can be
traced in an ItemBatch (e.g. it is possible to trace an individual metal sheet in an ItemBatch), whereasit is not possible
to exactly trace material in a MaterialBatch, (e.g. it is not possible to trace the exact piece of raw plastic material from a
MaterialBatch, asthe raw plastic isavolume, not identifiable in a specific sheet like in the case of metal sheets).
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Material batches can be equipped with quality certificates, such asthe BS EN 10204:2004 [i.7] category 3.1 steel
quality certificate (https.//standardsdevel opment.bsigroup.com). These certificates provide additional information about
the materia in the batch. Furthermore, Material Batches bel ong to some Material Category, which describes a certain
type of material (e.g. a certain type of steel sheets). Analogously, item batches belong to some ItemCategory, which
describes a single type of Items (e.g. a certain type of sensor). An ItemCategory isin turn produced by some
ProductionEquipmentCategory (see clause 4.2.3). The essential properties of each Itemin al ItemBatches are the same.
However, each ItemBatch might use different Material Batches and/or different ProductionEquipment. Therefore, small
deviations between batches might occur, while the essential properties of al Itemsrelated to an ItemCategory are
similar. Finaly, the time that a batch is produced can be recorded using thet i me: hasBegi nni ng and

ti me: hasEnd properties.

s4inma:Batch

sdinma:ltem

= sdinma:consistsOfBatch : sdinma:Batch

= sdinma:hasldentifier : s4inma:lD

= sdinma:hasSize : (max 1 sdinma:Size)

= sdinma:isFeatureOfinterestOf : sdinma:Measurement

= s4inma:needsEquipment : sdinma:ProductionEquipment
@ timethasBeginning : (max 1 time:lnstant)

@ time:hasknd : (max 1 time:Instant)

= sdinma:consistsOfitem : sdinma:ltem

= sdinma:hasldentifier : sdinma:lD

= sdinmazisCreatedIn : sdinma:ltemBatch (exactly 1 sdinma:ltemBatch)
= sdinma:isFeatureOfInterestOf : sdinma:Measurement

= sdinma:hasIDValue : string

= sdinma:hasSerialNumber

‘ @ saref:FeatureOfinterest

sdinma:ltem |-

s4inma:Measurement

sdinmiisFeafireOfinterestOf |
g sdinma:isFeatureOflnterestOf

N

; sdinma:Batch

- dimmahasidentifier
[ lsdinmahasldentifier
sdinma:hasldentifier

s4inmaltemBatch ‘ s4inma:MaterialBatch
F &y Oy [ |

s4infhaketongsToCategory sdinma:belongsToCategory

l s4inma:ltemCategory | sdinma:MaterialCategory
[ ]

MCECJM sdinma:needsEquipment

s4inma:ProductionEquipmentCategory | ‘45 sdinma:ProductionEquipment ﬁF‘
] l ]

Figure 3: Item, Batch and related classes
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