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How to reach semantic interoperability
between heterogeneous things and services?

Interoperability required for coordination between services, things, human activities

Interoperability required for 40-60 % of potential value for Internet of Things application
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How to reach semantic interoperability
between heterogeneous things and services?
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- describe the device capabilities and context
- describe the interaction and coordination protocol

- describe the exchanged information



How to reach semantic interoperability
between heterogeneous things and services?

AIOTI @AIOTI_EU - 8h
@ @AIOTI_EU in collab w/ @ETSI_STANDARDS @oneM2M @w3c &

Link to reports

1] ow.ly/wQ7f50wRbBz 2] ow.ly/5Gyr50wRbBA

» —==

@isostandards/IECITC1/5C41 recently published 2 joint WHITE PAPERS on
semantic #interoperability to accelerate adoption of semantic #tech in #loT.
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- describe the device capabilities and context
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W3C® @w3c- Oct 23 v

AIOTI, ISO/IEC JTC1, ETSI, oneM2M and W3C Collaborate on Two Joint
White Papers on Semantic Interoperability Targeting Developers and
Standardization Engineers, by Dave Raggett ift.tt/2PiBJ9T

© T s QO 4 Ty

lan Oppermann @ian_oppermann - Oct 18 v
The IEC (International Electrotechnical Commission) has published its 2019
Whitepaper "Semantic Interoperability”. It may not sound exciting, but if
you are into digital and data, it is #privacy #datascience
#technologyandsociety #datagovernance #interop...

LinkedIn: Log In or Sign Up

El] 500 million+ members | Manage your professional
identity. Build and engage with your professional ...
& linkedin.com

Q n 2 Q 2 O

CREATE-loT @CreateloT eu - Mar 8 v

We are contributing to the @AIOTI_EU initiative on a white paper for
#semantic #interoperability. One of our members, @antoniokung, is now co-
editor of ISO/IEC 21823-3 Semantic interoperability. #10T #10TLSPs

- describe the interaction and coordination protocol

- describe the exchanged information




Semantic Web - Ontologies — Knowledge Models
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Person

Leonardo Da Vinci

>

is interested in

@4:5 The Mona Lisa

>

14 July 1990
* La Joconde a Washington

https://www.w3.org/TR/rdf11-primer/

Graph-based data models
Knowledge representation (symbolic Al, ontologies)
Identity everything with URIs — Linked data



https://www.w3.org/TR/rdf11-primer/

RDF as a data model (not a data format)
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M. Lefrancois, RDF presentation and correct content conveyance for legacy services and the web of things. IOT 2018
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Still.. need to agree on a common vocabulary

Alice Leonardo Da Vinci

is interested in

The Mona Lisa
X

Person 14 July 1990

La Joconde a Washington

https://www.w3.org/TR/rdf11-primer/

URIs for classes, properties, datatypes, individuals ...


https://www.w3.org/TR/rdf11-primer/

Big ontology catalogs exist

®a Linked Open Viocabularies X + 1
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& C {} & lovdiotappspot.com/?p=ontologies G * O o d 06 V[
LOV4ioT Ontology Catalog
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Blg ontology catalogs eX|st

=% Linked Open Vocabulari x  +

&« c 0O @ lovlinkeddata.es/dataset/lov/

a % Dedoe a6V

- VOCABS TERMS AGENTS SPARQL/DUNMP

Linked Open Vocabularies

695 Vocabularies in LOV

» In adoption,

21 » In maintenance
&1 > |n extensibility
> In availability
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Latest insertior
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Linking vocabulary
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» In institutional statuses,
» In structure/content/publication/metadata quality
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Ontologles have heterogeneltles
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What SDOs develop ontologies for the loT?

IoT SDOs and Alliances Landscape
(Vertical and Horizontal Domains)

Manufacturing/ Vehicular/

H Buildi = Farming/
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What SDOs develop ontologies for the IoT?

IoT SDOs and Alliances Landscape
(Vertical and Horizontal Domains)

Manufacturing/

Home/Building Industry Automation
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W3C Semantic Sensor Networks ontology

| W3C WoT Thing Description

oneM2M base ontology

ETSI SAREF ontologies

o ETSI SmartBAN

y BuildingSMART ifcOWL

«| W3C Linked Building Data community group
IEC 61360

-
éh SISGI

r_g HYPERCAT  _ .

;WA

ﬂmm’“““ d

.

" ©Bluetooth’
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KNX ontology
ISO FDIS 21597-1, -2

CLC/TC 205/WG 19 (KoM 8/11)

Source: AIOTI WG3 (IoT Standardisation) —
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What SDOs develop ontologies for the loT?

Standard Ontologies have heterogeneities

» In adoption,

- In institutional statuses,
» In structure/content/publication/metadata quality

» In maintenance
» In extensibility

- In availability

13



Risk of the xkcd-927 effect

HOW STANDARDS PROUFERATE:
(65 A/C CHARGERS, CHARACIER ENCODINGS, INSTANT MESSAGING, ETC)

SITUATION:

THERE ARE
|4 COMPETING
STANDPRDS.

47! RiDIcULoLS!

WE NEED To PDEVELOP

ONE UNIVERSAL STANDARD
THAT COVERS EVERYONES
USE CASES. YEAH!

O

)

)

SITUATION:

THERE ARE
|5 COMPETING
STANDARDS.

https://xkcd.com/927/

14
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A partial picture on initiatives and influences

2Q10 2011 2Q12 2Q13 2Q14 2Q15 2Q16 2Q17 2Q18 2Q19 2Q20
' 5 i i i . W3C SDW B ‘
| SSN ===~ E i —— !SOSA/SSN\
! : . : : Al A ~
: : v : i UL I a 5 \
~ o : 71V I \
-0 b N[ P \
: N 'l \
: ' \
| 1 |
: I ' i !
;* + .| SEAS | . ‘l
' 1 : : N !
! . . -« : i
: : : v : v
CE/TNO : ; ; ; .
| — SAREFO | ; * ; \ 4

ETSI+TNO +UPM +EMSE
] SAREF1 | SAREF2 —— SAREF3

W3C WoT
|

| WoT T:D

Nicolas Seydoux, Maxime Lefrangois and Lionel Médini, 2019. Positionnement sur le Web Sémantique des Objets,
Journées francophones d'Ingénierie des Connaissances (IC’'2019) — best paper award 15



A partial picture on initiatives and influences

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

W3C SDW
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Nicolas Seydoux, Maxime Lefrangois and Lionel Médini, 2019. Positionnement sur le Web Sémantique des Objets,

Journées francophones d'Ingénierie des Connaissances (IC’'2019) — best paper award 16



The OGC&W3C

Semantic Sensor Networks Ontology

Semantic Sensor Network
Ontology

December 2017)

oGC

Making location count.

This version:
hitps://www.w3.0rg/TR/2017/REC-vocab-ssn-20171019/

c
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°
c
@
E
=
0
o
[}
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g

Latest published version:
hitps://www.w3.org/TR/vocab-ssn/

Latest editor's draft:
https-//w3c_github io/sdw/ssn/

I ===y

|mpl:ir;n;asr?:\alggzlrmgﬁsdw:‘ssn_usage‘: ol © imol odB : 1 . observes T mmmmmmmmm————
LEENES DAL 1 isObservedBy forProperty | [AcluatablePropeny 1
Previous version: Procedure }' _______ | w _____ —— 1
hitps://www w3 org/TR/2017/PR-vocab-ssn- 5 1 S 1 = ObservableProperty :
Editors: ‘usedProcedure I en=o) 1 N . -----I
Armin Haller, Australian National University Py ——— |
Krzysztof Janowicz, University of California, \ r madeBySensor observedProperty hasProperty
Simon Cox, CSIRO \ madeBySampler actsOnPropoerty /
Danh Le Phuoc, Technical University of Ber \ madeByActuator / |
Kerry Taylor, Australian National University \ / l
Maxime Lefrancois, Ecole Nationale Supérit | ) 4
) i A madeObservation ’ |
Contributors (ordered alphabetically): ~ deS li F
Rob Atkinson, Metalinkage N nacesamping > - |
Ralll Garcia-Castro, Universidad Politécnice ~ ETE’?t_ua_uon - - |
Joshua Lieberman, Tumbling Walls ~ 1 = - isPropertyOf
Claus Stadler, Universitat Leipzig =2 -~ 1 - 4
4 ! ~— 1 1 - —
xsd:dateTime === m T = = === === === -D[ FeatureOfinterest }‘
resultTime I 1 isFeatureOfinterestOf hasFeatureOfinterest 'y \
/ i 1
: 4 B —— A - - isSampleOf
time:TemporalEnti I&>amplachy
{ po ty phenomenonTime EResultOf I'------'i
~ 1| Result |1
=~ 1 I /7
| ~ =~ . __ _hasResult I 'y i P
— -
hasSimpleResult | -.1 1 -
rdfs:Literal 1| Sample -———
A. Haller, K. Janowicz, S. Cox, D. Le Phuoc, K. Taylor, and M. Lefrancois, Semantic Sensor Network Ontology,
17

W3C Recommendation, W3C, 19 October 2017



The OGC&W3C

Semantic Sensor Networks Ontology

Deployment System "SystemProper{y forProperty o p Feature
____________________ ot Lo roperty ' hasProperty
____________ hasSystemCapability / forPropefly &  only
———————— 1 only -“ only !
-7 hasSubsystem only /___,[ SystemCapability ]_ - - '
- PR - - v s i
. hasDeployment deployedSystemr \ / hasSurvivalRange ‘\30”‘0'-"-'0" o
only only '\ _-7  only . . N -
Deployment |[#------------=--1 t--m---c-z==- System f=§z-------- SurvivalRange [-hH--->% Condition oy
_--~"" hostsonly C S : ’ — i !
" inDeploymentonly js ) j ' hasOperatingRange J inCondition only i i
X , implementedBy, ~only b o
! ! only ,,’ == OperatingRange ]— g |
, -
! deployedOnPlatformonly - —=-< )
-7 --7 1
-7 ————— |
Platform |¢---"" -t I
isHostedBy only -7 !
Procedure , ‘ Observation/Actuatign/Sampling :
rlaslnputonly ! implements only !
T~ v isObservedBy only observesonly !
_== Sensor =g ------------------- g ObservableProperty ] !
r ""\ -
-=7 usedProcedure madeBvSenso b 7 isProxyForonly 4 !
:hasOutputonly < only only Y ' y detects only A S '
i e ’ . == PR |
: Ramzoromoosoee ! _ -~ observedPropertyi!!
e . - -7 only
RS /’madeObservation J/ walsOngmatedBy _--" - /
Yy only Lo I T
Result Py = | i /! tisPropertyOf
[ xsd:dateTime ]4- ——---------z==- e ey 'II-[ FeatureOfinterest ]’ only
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-
-
-

T\\isResultOfonIy
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~
~
-~
~
-~
-~
-
-
.

[ time:TemporalEntity

hasSimpIeResulti

rdfs:Literal

-~ -

hasResultonly

Result
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The OGC&W3C
Semantic Sensor Networks Ontology

Deployment

System

SystemProperty

Feature

Condition

Procedure

Observation/Actuation/Sampling

Result
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First integration in schema.org

iotschema.org I

Schemas Documentation

Google, Microsoft, Yahoo, Yandex, ...

Actuator

Canonical URL: http://iotschema.org/Actuator

Device > Actuator

Actuator - A device that is used to change the state of the world.

Property Expected Type Description
Properties from Actuator

Made Actuation PropertyValue Relation linking a PropertyValue to the Actuator that made that Actuation.

Property or Relation between an Actuator and either a Property or an Action that it is capable of actuation.

For Property At

Instances of Actuator may appear as values for the following properties

Property On Types Description

Property or Relation between an Action or a Property of a FeatureOfinterest and an Actuator changing its state.
I= Acted On BY At

e A CEION

20



Early SSN adopters (as of 2018)

Topics of papers published this year citing SSN
e Smart agriculture (irrigation)
e Smart transportation (sensors generating vehicule signals)
o Smart building (figure below)
o Smart health (Smart homes for seniors)
* Brain-Computer interaction
 GeoScience (earth, meteorology, oceans, events, flooding, ...)
 Smart grids (electric vehicles charging stations)

* Industry of the future

Architect's model Engineer’s model Actual Building Operation's model

Spaces <> Storeys Device configuration Sensor/actuator data Performance information

21



A partial picture on initiatives and influences

2Q10 2011 2Q12 2Q13 2Q14 2Q15 2Q16 2Q17 2Q18 2Q19 2Q20
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Nicolas Seydoux, Maxime Lefrangois and Lionel Médini, 2019. Positionnement sur le Web Sémantique des Objets,
Journées francophones d'Ingénierie des Connaissances (IC’'2019) — best paper award 22



he W3C Web of Things working group

g o o . o T M R e R D e o e e

General
Metadata

Interaction Model

WoT Thing
Description

WoT Binding Templates

OCF oneM2M
Communications

Metadata : i i v
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he W3C Web of Things working group

Thlng DCSCI‘iptiOIl representation (semantic ~ ?) of:
- the Thing,
- the interaction capabilities it exposes
- Properties (observable ?; writable ?)
- Action (an object 1s generated to monitor, cancel, ...)
- Event (type pub/sub)
- how to sollicitate it (URL, media type and in/out datamodel)

WoT Binding Templates

- every interaction type with every protocol or existing standard

ex. OCF light and motion sensor using CoAP on LAN
ex. LWM2M+IPSO environmental sensor from MQTT brokers, LAN and cloud
ex SmartThings Endpoint API using HT'TP cloud-to-cloud

Scripting API

- javacript API to search / discover / sollicitate things

24



A partial picture on initiatives and influences

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
' 5 i i i . W3C SDW B ‘
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2020

Nicolas Seydoux, Maxime Lefrangois and Lionel Médini, 2019. Positionnement sur le Web Sémantique des Objets,
Journées francophones d'Ingénierie des Connaissances (IC’'2019) — best paper award
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ETSI Smart Applications REFerence ontology

& Ly
é ¢
Smart City Agriculture
é ¢
Water Automotive

3'

Y

L N

oneM2M Base Ontology

W3C W3C W3C Ont.
SSN/SOSA OWL Time WGS_84 measurements
ISA Dublin OGC Ont.
CPSV Core Geo SPARQL measurements
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ETSI Smart Applications REFerence ontology

__SMART 2013/0077 Standardization Initiative

EC & ETSI EC SmartM2M
ETSI STF 556 c:: Publication of SAREF v3.1.1
Publication of SAREF v1.1.1 gﬁEEE Eg;tgj S ETSISTF 578
o] 5’2_33 ETSI TS 103 264 > requirements ¢+ SAREF development framework and workflow
& & S SAREF4SYST :  SAREF public documentation portal
['J é ? ~ é s
= ! >
& o S &
Publication of ~NETSI STF 534 : ETSI/EC STF 566
L SAREF v2.1.1 LSAREF4C|TY : SAREFAWATR
ETSI STF 513 SAREF4INMA **SAREF4EHAW
SAREF4ENER SAREF4AGRI SAREF4AUTO
SAREF4ENVI SAREF4WEAR

SAREF4BLDG
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ETSI STF 556 and 578 (@),

__ SMART 2013/0077 Standardization Initiative

EC & ETSI EC SmartM2M
ETSI STF 556 & ** Publication of SAREF v3.1.1
Lrpublication of SAREF v1.1.1 r gﬁgg:: Egﬁ’a"l S ETSISTF 578
@ as ETSITS 103 264 © requirements i SAREF development framework and workflow
& & & SAREF4SYST i SAREF public documentation portal
6_6_? O é -..;":..r":':
: { 2
& _— S &
Publication of NETSI STF 534 : ETSI/EC STF 566
|_ SAREF v2.1.1 I_SAREF4C|TY : SAREF4WATR
ETSI STF 513 SAREF4INMA **SAREF4EHAW
SAREF4ENER SAREF4AGRI SAREF4AUTO
SAREF4ENVI SAREF4WEAR

SAREF4BLDG
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Our approach in ETSI SmartM2M %%'.g ' _ j;

The value of an ontology is strongly correlated with the
size of its community of users, and also to the agility of

Its developers to improve the ontology and react to
raised issues.

As such, users’ community and industry actors need be
attracted with clear Web documentation and a clear

Indication about how to provide their input and the kind
of input that they can provide.

29



Our approach in ETSI SmartM2M 1E (&)

Improve how SAREF is published
© published on members’ institution website
© heterogeneous documentation format

Towards continuous integration and deployment
6 fetch source from git repositories
© check quality of the ontologies

© notify errors asap

© generate documentation and example

© modularized and versioned ontology

© published as Linked Data



Our approach in ETSI SmartM2M

Consolidate the structure of the ontology
© One pattern for features of interest and their properties

©® One pattern for assigning values to properties
©® One pattern for procedures and procedure executions

© One pattern for systems and how they interact

SAREF4ENER

sl ™
'~

core of simple
SAREFAEHAW ontology patterns




The ETSI SAREF Portal (@),

STF 556: Consolidation of SAREF and its community of users, based on the
experience of the EUREKA ITEA - 12004 SEAS project (June 2018 — June 2019):

©® Deliverables published
® D1TR103549 Guidelines for consolidating SAREF with new reference ontology
patterns
® D2TS103548 SAREF consolidation with new reference ontology patterns, based
on the experience from the EUREKA ITEA SEAS project

® D3 TR 103 608 SAREF publication framework reinforcing the engagement of its
community of users

32


https://portal.etsi.org/webapp/workProgram/Report_Schedule.asp?WKI_ID=53167
https://portal.etsi.org/webapp/workProgram/Report_Schedule.asp?WKI_ID=53166
https://www.etsi.org/deliver/etsi_tr/103600_103699/103608/01.01.01_60/tr_103608v010101p.pdf

ETSI/T___ )\

The ETSI SAREF Portal wm\\ W

STF 556: Consolidation of SAREF and its community of users, based on the
experience of the EUREKA ITEA - 12004 SEAS project (June 2018 — June 2019):

©® Deliverables published

® D1TR103549 Guidelines for consolidating SAREF with new reference ontology
patterns

® D2TS103548 SAREF consolidation with new reference ontology patterns, based
on the experience from the EUREKA ITEA SEAS project

® D3 TR 103 608 SAREF publication framework reinforcing the engagement of its
community of users

©® Draft of the portal:

® development of SAREF migrated to the ETSI Forge
37 issues identified in SAREF, resolutions available, being processed
https://forge.etsi.org/rep/SAREF/saref-core/

©® Proof of concept of the SAREF portal
https://saref.etsi.org/
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https://portal.etsi.org/webapp/workProgram/Report_Schedule.asp?WKI_ID=53167
https://portal.etsi.org/webapp/workProgram/Report_Schedule.asp?WKI_ID=53166
https://www.etsi.org/deliver/etsi_tr/103600_103699/103608/01.01.01_60/tr_103608v010101p.pdf
https://forge.etsi.org/rep/SAREF/saref-core/
https://saref.etsi.org/

The ETSI SAREF Portal (@),

STF 578: Spec. of the SAREF develop. framework and workflow, and develop. of
the Community SAREF Portal for user engagement. Sept 2019 — Sept 2020:

Planned tasks:

© TS 103 673 SAREF Development Framework and Workflow, Streamlining the
Development of SAREF and its Extensions

© SW1 Development of the SAREF Portal Content Generation from the SAREF sources,
Enabling Continuous Integration and Deployment of SAREF

© SW2 Development of the SAREF Portal Interaction Functionalities, Reinforcing the
Engagement of its Community of Users

docker

GitLab %
SAREF patterns"",}h
+ instances 2



o Andrea Cimmino @ACimmino - Oct 23, 2019 i
@rgcmme is presenting the beginning of the "Session 6: Semantic

for Smart Applications" at the #i0tETSI, with some of its participants
t ay t u n e @MariaPovedaV and @Max_Lefrancois

AIOTI @AIOTI_EU - 8h v
@ @AIOTI_EU in collab w/ @ETSI_STANDARDS @oneM2M @w3c &
@isostandards/IECITC1/5C41 recently published 2 joint WHITE PAPERS on

semantic #interoperability to accelerate adoption of semantic #tech in #loT.

Link to reports 1] ow.ly/wQ7f50wRbBz 2] ow.ly/5Gyr50wRbBA

—

( ™ Maxime Lefrancois
@hax_Lefrancois

The importance of STFS78 the future portal mentioned in the
introductory presentation about SAREF in the EU Picture by DG
CONNECT, European Commission. @MINES StEtienne
@Territoire. EMSE @ Connectintellig @oeg _upm
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