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Background: RDF and Turtle




This cannot be interpreted by a machine

Timothy John Berners-Lee,

Born June 8th 1955 in Londres.

Is the principal inventor of the World Wide Web.

President of the World Wide Web Consortium (W3C), which he
founded.

Author of the book a Framework for Web Science.



ldentification : Ressources & Relations

Timothy John Berners-Lee,
Born June 8th 1955 in Londres.

Is the principal inventor of the World Wide Web.

President of the World Wide Web Consortium (W3C),
which he founded.

Author of the book a Framework for Web Science.



Simple sentence

TimBL has date of birth 1955-06-08.

TimBL has place of birth London.

TimBL is inventor of WWW.

TimBL is director of W3C.

TimBL is founder of W3C.

TimBL is author of Framework for Web Sience



RDF Triples: interpretable by the
machine

(TimBL, dateOfBirth, 1955-06-08)
(TimBL, placeOfBirth, London)
(TimBL, isinventorOf, WWW)
(TimBL, isDirectorOf, W3C)
(TimBL, isFounderOf, W3C)
(TimBL, isAuthorOf, Web_Science)

(Subject, predicate, Object)



(1955-06-08),S

dateOfBirth

TimBL)/

ISFounderOf

w3Cc )




Rules to write RDF triples

> The is always a resource (never a literal)
> The are binary relations identified by URIs

> The object is a resource or a literal



1955-06-08

http://dbpedia.org/ontology/birthDate

http://dbpedia.org/resource/Tim_Berners-Lee

http://dbpedia.org/property/founder

http://www.w3.0rg )




"1955-06-08"M<http://www.w3.0rg/2001/XMLSchema#>

http://dbpedia.org/ontology/birthDate

http://dbpedia.org/resource/Tim_Berners-Lee

http://dbpedia.org/property/founder

http://www.w3.0rg )

10



(one of ~) RDF syntaxes - N-Triple

* <http://dbpedia.org/resource/Tim_Berners-Lee>
* <http://purl.org/dc/terms/creator>
e <http://www.w3.o0rg>.

* <http://dbpedia.org/resource/Tim_Berners-Lee>
* <http://dbpedia.org/property/dateOfBirth>
e “1955-06-08"""<http://www.w3.0rg/2001/XMLSchema#date>.

«<http://dbpedia.org/resource/Tim_Berners-Lee>
-<http://dbpedia.org/property/place0OfBirth>
<http://dbpedia.org/resource/London>.

+<http://dbpedia.org/resource/London>
-<http://dbpedia.org/property/isPart0of>
<http://dbpedia.org/resource/England>.

SeEs
SEES




(one of ~) RDF syntaxes - Turtle

Syntactic sugar ++




Turtle prefixes and bases

<http://example.org/instances/appartement418>
<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type>
<http://example.org/vocabulary/T2> .

@Prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>.
@Prefix : <http://example.org/vocabulary/> .
@Base <http://example.org/instances/> .

<appartement418> rdf:type :T2 .
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Turtle prefixes and bases

@Prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>.
@Prefix dbp: <http://dbpedia.org/property/>.

@Prefix dbr: <http://dbpedia.org/resource/>.

@Prefix dc: <http://purl.org/dc/terms/>.

@Prefix xsd: <http://www.w3.0rg/2001/XMLSchema#>.

dbr:Tim _Berners-Lee rdf:type dbo:Scientist .
dbr:Tim_Berners-Lee dc:creator <http://www.w3.org> .
dbr:Tim_Berners-Lee dbp:dateOfBirth “1955-06-08’~"xsd:date .
dbr:Tim Berners-Lee dbp:placeOfBirth dbr:London .
dbr:Tim_Berners-Lee dbp:placeOfBirth dbr:England .

dbr:London dbp:isPartOf dbr:England .

DI
bldololdololol



Separators «.» - «;»

@Prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>.
@Prefix dbp: <http://dbpedia.org/property/>.

@Prefix dbr: <http://dbpedia.org/resource/>.

@Prefix dc: <http://purl.org/dc/terms/>.

@Prefix xsd: <http://www.w3.0rg/2001/XMLSchema#>.

dbr:Tim_Berners-Lee rdf:type dbo:Scientist ;
dc:creator <http://www.w3.org> ;
dbp:dateOfBirth “1955-06-08’""xsd:date ;
dbp:placeOfBirth dbr:London ;
dbp:placeOfBirth dbr:England .

dbr:London dbp:isPartOf dbr:England .

bldololdoldlol



Separators «.» - «;» -

« ., »

@Prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>.

@Prefix dbp: <http://dbpedia.org/property/>.
@Prefix dbr: <http://dbpedia.org/resource/>.
@Prefix dc: <http://purl.org/dc/terms/>.

@Prefix xsd: <http://www.w3.0rg/2001/XMLSchema#>.

dbr:Tim _Berners-Lee rdf:type dbo:Scientist ;

dc:creator <http://www.w3.org> ;
dbp:dateOfBirth “1955-06-08’""xsd:date ;

dbp:placeOfBirth dbr:London ,

dbr:England .

dbr:London dbp:isPartOf dbr:England .
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How to say: « There exists something that... » with DF»

Anonymous nodes (blank node)

dbr: dbo:marriedTo _:bnodel .

__:bnodel foaf:firstName "Nancy" ;
foaf.lastName "Carlson" .

17



How to say: « There exists something that... » with F?

Anonymous nodes (blank node)

dbr: dbo:marriedTo |
foaf:.firstName "Nancy" ;
foaf:lastName "Carlson" ] .

@Prefix foaf: <http://xmins.com/foaf/0.1/> .

# Someone knows someone else, who has the name "Bob".

[ ] foaf:knows [ foaf:name "Bob" ] .
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How to reach semantic interoperability at the data
level between heterogeneous things and services?

’,’ ..::;'::..




Communication between heterogeneous
agents on the Web: conceptualization, scenarios, challenges

sender receiver
medium
O :
v Lower:
- Generates a Transmits
representation of | the message via Lift:
the content the internet Decodes and get
* understanding
|

M. Lefrancois, RDF presentation and correct content conveyance for legacy services and the web of things. IOT 2018 21



Communication between heterogeneous
agents on the Web: conceptualization, scenarios, challenges

Ontologies

- Standards

- DevOps? :

sender receiver
medium
O :
/1 \
v Lower:
- Generates a Transmits
representation of | the message via Lift:
the content the internet Decodes and get
* understanding
|
- — | =

M. Lefrancois, RDF presentation and correct content conveyance for legacy services and the web of things. IOT 2018 22



The OGC&W3C

Semantic Sensor Networks Ontology

H Semantic Sensor Network OGC
g W3C
5 OntOIOQy Making location count.

H  W3G Recommendation 19 October 2017 (Link errors corrected 08

H  December 2017)

-4

O

2 This version:

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

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

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

I ===y

Impl:irl?lzr::\a'gggrtflﬁgﬁgssdw:‘ssn-usage:‘ o] t=lhmol tedB : M 1 ) observes FTTTTTTTTEEEETETS
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Previous version: Procedure }' _______ | w H‘_ _____ ——— = = = == 1
hitps-//www.w3.0rg/TR/2017/PR-vocab-ssn- ‘ 1 = 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 A madeBySampler actsOnPropoerty
Danh Le Phuoc, Technical University of Ber \ madeByActuatog / |
Kerry Taylor, Australian National University \ / l
Maxime Lefrancois, Ecole Nationale Supéri \ | 4e0b ) S b 1 ' " |
Contributors (ordered alphabetically): “~ mades SeTatl lmp e pattern °
Rob Atkinson, Metalinkage ~ madesamp !ng |
Ralll Garcia-Castro, Universidad Politécnice ~ ETEEEEUOﬂ - |
Joshua Lieberman, Tumbling Walls ~ 1 = - isPropertyOf
Claus Stadler, Universitat Leipzig =2 -~ 1 - 4
A ! -~ 1 1 — - =
xsd:dateTime === m T = = === === === -D[ FeatureOfinterest }‘
resultTime I 1 isFeatureOfinterestOf hasFeatureOfinterest 'y \
/ i 1
: 4 B —— A - - isSampleOf
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~ 1| Result |1
=~ 1 I 7/
| ~ =~ . __ _hasResult I 'y i P
— -
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(astion] ' bosoo ™
rdfs:Literal I| Sample -
A. Haller, K. Janowicz, S. Cox, D. Le Phuoc, K. Taylor, and M. Lefrangois, Semantic Sensor Network Ontology,
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The OGC&W3C

Semantic Sensor Networks Ontology

Semantic Sensor Network
Ontology

oGC

Making location count.

December 2017)

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

c
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7]
E
£
[=]
I¥]
Q
-4
]
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Latest published version:
hitps://www.w3.org/TR/vocab-ssn/

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

Implementation report:

Kerry Taylor, Australian National University

Maxime Lefrancois, Ecole Nationale Supérieure des Mines de Saint-Etienne
Contributors (ordered alphabetically):

Rob Atkinson, Metalinkage

Raul Garcia-Castro, Universidad Politécnica de Madrid

Joshua Lieberman, Tumbling Walls

Claus Stadler, Universitat Leipzig

/
hitps://w3c.github.io/sdw/ssn-usage/ ‘//\w

Previous version: ‘,f" ‘Og,
hitps://www w3 org/TR/2017/PR-vocab-ssn-20170907/ ‘1‘ =3 /

Editors: [ ;c: | Sensont,
Ammin Haller, Australian National University [ g l Observation,
Krzysztof Janowicz, University of California, Santa Barbara | _"329‘ Sample, and
Simon Cox, CSIRO \'s| Actuator
Danh Le Phuoc, Technical University of Berlin 3\

“one

— owl:iimports (extends)
- normative
[ ] non-normative

Modular with a simple core

SOSA = Sensor, Observation, Sample, Actuator

A. Haller, K. Janowicz, S. Cox, D. Le Phuoc, K. Taylor, and M. Lefrangois, Semantic Sensor Network Ontology,
W3C Recommendation, W3C, 19 October 2017



Origins of SSN

2002 OGC’s Sensor Web Enablement initiative
—> Sensor Model Language (SensorML)
“provider-centric’: sensor + raw data
Sensor Observation Service - API REST Specification
—> Observations and Measurements (O&M)
‘user-centric’: feature of interest and observed property

oGC

Making location count.

2005 W3C Semantic Sensor Network Incubator Group

References and compares several existing proposed ontologies
First version of SSN published in 2011
Widely used, but juged too complicated and not well documented

W3C

TITRE

The ssn ontology of the w3c semantic sensor network incubator group
M Compton, P Barnaghi, L Bermudez, R Garcia-Castro, O Corcho, S Cox, ...
Web Semantics: Science, Services and Agents on the World Wide Web

A survey of the semantic specification of sensors
M Compton, C Henson, L Lefort, H Neuhaus, A Sheth
Proceedings of the 2nd International Conference on Semantic Sensor Networks ...

The stimulus-sensor-observation ontology design pattern and its integration into the semantic

sensor network ontology
K Janowicz, M Compton
Proceedings of the 3rd International Conference on Semantic Sensor Networks

Sensor search techniques for sensing as a service architecture for the internet of things
C Perera, A Zaslavsky, CH Liu, M Compton, P Christen, _.
IEEE Sensors Journal 14 (2), 406-420

Semantic Sensor Network XG Final Report, W3C Incubator Group Report (2011)
L Lefort, C Henson. K Taylor, P Barnaghi. M Gompton, O Corcho.
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2014
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®

Making location coun

Origins of SSN

2015 OGC/W3C Spatial Data on the Web Working Group

Use Cases and Requirements (Working Group Note)

Spatial Data on the Web Best practices (Working Group Note)
Time ontology (Recommendation)

Semantic Sensor Network ontology (Recommendation)
3 other Working Group Note

uuuuuuuuuuuuu -
-— W,L Do wnmenor ‘QGC .
Wl t | I B i Data mmnm increte Glotal G
YrmeOﬂologymOWL " IS : Z_— g -
Spatial Dets 0 Wob Bast —— b
- 0GC aessiin oGC i
—— g o S pam— ’ QBAST. RDF Data Cube - T
¢ e neess — “ = oo e Hil~=—s extensions for spatio-temporal 0G(C
SRR —4 e T B il omponents
VB —~er - fe— :
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Origins of SSN

Semantic Sensor Network ontology subgroup
Objectives:
- better document and exemplify
- weaken dependency to Dolce Ultralite ontology
- modularize
- clean
- extend to cover new use cases
Samplers — Sampling — Samples
Actuator — Actuating
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W3C Semantic Sensor Network (old)
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W3C Semantic Sensor Network
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New SSN: a modular ontology

-
e

5
[
[ ;&' Sensor,
[ E ’ Observation,
c
' E°| Sample, and
k‘ , Actuator
91
\3)
\ S\
1 # \
\ 2\
8\
©
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— owl:iimports (extends)

=i
]

normative

non-normative
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SOSA: simple core module

SOSA = Sensor, Observation, Sample, Actuator

<Observation/235714> a sosa:0Observation ;
sosa:hasFeatureOfInterest <Apartment/134> ;
sosa:observedProperty <Apartment/134#electricConsumption>;
sosa:madeBySensor <Sensor/926>;
e sosa:usedProcedure <SummingHourlyConsumptionReportProcedure>;
Deployment E . , "
; sosa:hasSimpleResult "22.4 kWh"~~cdt:ucum
Platform T e i
isHostedBy i P
i Procedure i Obs;fvéfmﬂ/.ﬁgfuaﬁon/Sampﬁng - i
i ~. hosts
observes
--------------------------- -b[ ObservableProperty ]
» usedProcedure <
\'\ p /’
- s ,,”observedProperty
e e e -
[ xsd:dateTime ]Teggn}rr;e' T LzEEm g Obsenvation ¢ atureOfinterestof e | _FeatureOfinterest |
1

#

-

I
I
phenomenonTime 1
I

*

[ time:TemporalEntity

hasSimpIeResulti,

- \\isResuItOf

rdfs:Literal o

~
A
-~
-
~
-~
= -
-

-~ hasResult

-
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SOSA: simple core module

SOSA = Sensor, Observation, Sample, Actuator

-

)

<phone/42> sosa:hosts <phone/42#tempSensor>
geo:long 45.7831563 ; geo:lat 4.8672412 .

-

3

Deployment ““E
; <RaspPI/12> sosa:hosts <Sensor/926> .
Platform ;sﬁagtéd-B} _________ i- o
{ Procedure Obs<me> sosa:hosts <smartwatch> .
<smartwatch> sosa:hosts <smartwatch#PulseSensorSEN11574>
SEMNS0 MFr==========================+< "l UDServabierFTOperty J
» usedProcedure madeBySensors 4
~ ! ’
1 . ! ,/
- Femsnromommee-t a _ -~ observedProperty
) ~. /madeObservation __,—"’
AN | - -
. -
i Result i, el T -
[ xsd:dateTime ]4- ———————————czz=- e S e e  — mm —m—— e m e ————— - = lb[ FeatureOfInterest ]
resultTime .-~ isFeatureOfinterestOf hasFeatureOfinterest |

[ time:TemporalEntity

#

-
-

phenomenonTime

T,
| \\lsResuItOf
1 ~
1 \\
1 ™ -

\‘\..

-~

hasSimpIeResulti,

rdfs:Literal

hasResult

-
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SOSA: simple core module

SOSA = Sensor, Observation, Sample, Actuator

<Observation/235714> sosa:hasResult :qv

<Observation/235714> sosa:hasSimpleResult "22.4 kWh"~"cdt:ucum

Deployment E
i _.qv a
i

Platform m——m——
isHostedBy I S

qudt-1-1:Quantityvalue ;

qudt-1-1:numericValue "22.4"~*xsd:double ;

i Procedure ) qudt-1-1:unit qudt-unit-1-1:Kilowatthour .
: : : ~ 1TSS
E : observes
it | Sensor [#----------------mmm oo -b[ ObservableProperty ]
» usedProcedure | 4
- ~ems : 7 “observedProperty,

—_——-—

""""""" RFeRROmRT_FeatureOfinterest |

rdfs:Literal

i Resuit
[ xsd:dateTime ]4- Sttt
resultTime .
1
) ) It 1\ isResultOf

[ time:TemporalEntity [<4--~ _ [N

phenomenonTime : AN
hasSimpleResult i, Tee

S hasResult

o
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SOSA: simple core module

SOSA = Sensor, Observation, Sample, Actuator

QUDT 1.1, a sosa:Result = qudt:QuantityValue.

OM 2, a sosa:Result = om:Measure or om:Paqint.

~

A\ 4

Deployment i i I >
1
1
Platform T - i
isHostedBy i E R
_— -t e _
E Procedure i Observéﬂbﬂfég(ua{ion/Saminng
i ~. hosts
isObservedBy observes
--------------------------- >{ ObservableProperty
» usedProcedure madeBySensors A
: s / n
- £ -~
= =TT v _~~ observedProperty:
[ / -
~. /madeObservation -7
[ Resulf ——————————— " e oo |
[ xsd:dateTime ]4----_------;:== = TGS S S ooo oo oooooo oo ooos i>| FeatureOflnterest
resultTime .~ isFeatureOfInterestOf hasFeatureOfinterest
I
) ) It T\\isResultOf
time:TemporalEntity [<4--~ _ [N
phenomenonTime : AN
) 1 \‘*.hh
hasS|mpIeResult+ R TI hasResult
rdfs:Literal IR +
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SOSA: simple core module

SOSA = Sensor, Observation, Sample, Actuator

<Observation/235714> rdf:type sosa:0bservation ;
sosa:observedProperty <apartment/134/electricConsumption> ;
sosa:hasSimpleResult "22.4 kWh"*"cdt:ucum ;
sosa:phenomenonTime [ a time:Interval ;

I
sosa:resultTime "2017-04-16T00:00:12+00:00" " xsd:dateTimeStamp .

time:hasBeginning [ time:inXSDDateTimeStamp "2017-04-15T00:00:00+00:00"""xsd:dateTimeStamp ] ;
time:hasEnd [ time:inXSDDateTimeStamp "2017-04-16T00:00:00+00:00"""xsd:dateTimeStamp ]

! ~. hosts

madeBySensor)
]

!
s

- -
_____ 1 -

I~ ’

ObservableProperty ]

4

s
#

_7 “obse rvedProperty

“~. /madeObservation -
AN | - -
3 =’ ===
i Resuit — o e - !
[ xsd:dateTime ]4- ettt ~ = = = = e S e e  — mm —m—— e m e ————— - = ib[ FeatureOfInterest ]
resultTime .- isFeatureOflnterestOf hasFeatureOfinterest
)
) ) -7 T-\ isResultOf
[ time:TemporalEntity [«--~ , N
phenomenonTime ! A
hasSimpIeResulti, Tl ~ hasResult
rdfs:Literal T
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SOSA: simple core module

SOSA = Sensor, Observation, Sample, Actuator

<WellDrilling/4578> a sosa:Sampling ;
geo:lat -73.35 ;
geo:long 9.32 ;
sosa:hasResult <iceCore/12> ;
sosa:madeBySampler <thermalDrill/2> ;

Deploymen

sosa:resultTime "2017-04-03T11:12:00Z"""*xsd:dateTimeStamp ;
[EEE% sosa:hasFeatureOfInterest <http://dbpedia.org/resource/Antarctic_ice_sheet> .

Procedure i ObsewétMM&gtuatfoMSampﬁng
~ . hosts

o usedProcedure

madeBySampler 7
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~ 7
L ~ 1 /
- .
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-o ”

~ /! .
~. +madeSampling
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xsd:dateTime ]4- el - - Sampling ittt el IP[ FeatureOfInterest ]1
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- T -
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Result [
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1 - Y
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rdfs:Literal B N SRS -
hasSample
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SOSA: simple core module

SOSA = Sensor, Observation, Sample, Actuator

<WellDrilling/4578> a sosa:Sampling ;
geo:lat -73.35 ;
geo:long 9.32 ;
sosa:hasResult <iceCore/12> ;
sosa:madeBySampler <thermalDrill/2> ;

Deploymen . .

sosa:resultTime "2017-04-03T11:12:00Z"""*xsd:dateTimeStamp ;
[EEE% sosa:hasFeatureOfInterest <http://dbpedia.org/resource/Antarctic_ice_sheet> .
Procedure el S

<Apartment/134#kitchen> rdf:type sosa:FeatureOfInterest, sosa:Sample ;
sosa:isSampleOf <Apartment/134> .

<Apartment/134#bedroom> rdf:type sosa:FeatureOfInterest, sosa:Sample ;
sosa:isSampleOf <Apartment/134> .

A
Result — !
[ xsd:dateTime ]4- —m e ——m— - - - Sampling ST T T oo — o — - — - —— - '>[ FeatureOflinterest ]‘
resultTime isFeatureOfinterestOf hasFeatureOfinterest .
T\\isResultOf \ isSampleOf
I ~ 1
I . )
. I hl £ - - -~
hasSimpleResult v S~ hasResult

rdfs:Literal T e—eo o R IRy
hasSample
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SOSA: simple core module

SOSA = Sensor, Observation, Sample, Actuator

<Actuation/188> rdf:type sosa:Actuation ;
sosa:actsOnProperty <window/1@4#state> ;
sosa:actuationMadeBy <windowCloser/987> ;

R \isResuItOf
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1 ~
1

hasSimpIeResulti

-~
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i ~. hosts
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SOSA: simple core module

SOSA = Sensor, Observation, Sample, Actuator

'oyment
’latform |<- fffffff —————
isHostedBy it ST
edure i Ohs;rvérmﬂr’égtuatfon/Sampang
i ~.hosts
i isObservedBy observes
it | Sensor [#-----------------o—ooooooo- +| ObservableProperty
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Deployment
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it isHostedBy e ST
xsd:dateTime [¢--------- ¥
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K ' ~. hosts
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e:Temporal Entity |<'>" i
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Procedure 1 Sampler
i
. usedProcedure | ! madeBySampler 4
\\ i I’
S ! ’
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Deployment
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i ~. hosts
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hasResult

+| Result |
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W3C Semantic Sensor Network

Deployment

System

SystemProperty

Feature

Condition

Procedure

Observation/Actuation/Sampling

Result
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W3C Semantic Sensor Network

Deployment System "Sys{emProper{y forProperty o t Feature
________________________ coTTT - roperty ' hasProperty
ddddd b ommmmmmmTT gal‘SSYStemCapab'“W ’,’ Lor:Erope Y & \‘only
“_____,---"' hasSubsystem only ,[ SystemCapability ]_ - - '
- e T A’ i “: 1
. hasDeployment deployedSystemr \ ,’ haSSurwvalRange ‘\30”‘0'-"-'0" o
nly only -7 only , ‘o N o
Deployment m e - "—------:==-" System [=§z-------- SurvivalRange [-hH--->% Condition oy
.- hosts only C S : ’ — i !
" inDeployment only ) ) j ' hasOperatingRange } inCondition only i i
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! ! only L i[ OperatingRange ]— |
! deployedOnPlatformonly - —=-< :
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Platform - - !
isHostedBy only . !
Procedure i ‘ Observation/Actuatign/Sampling :
I
Inout haslnputonly |mplements only |
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:

|
hasSimpleResult v

rdfs:Literal

hasResultonly

42



W3C Semantic Sensor Network

Deployment System "Sys{emProper{y forProperty 5 p Feature
________________________ coTTT - roperty ' hasProperty
_____ b ommmmmmmTT 2:?5y31€mcapabl|lly /,’ Lor:Erope Y & \‘only
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Platform - - I
isHostedBy only . !
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W3C Semantic Sensor Network

Deployment System "Sys{emProper{y forProperty Feature
________________________ A B R Property ' hasProperty
Al aem-mmmT hasSystemCapability J/ “forProperty & \ only
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m Sensor =g ------------------- getrias ObservableProperty ] !
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SSN-systems Separate Module

Deployment

S ystemProperty

Non normative http://www.w3.org/ns/ssn/systems/

—— -

)
Deployment

, inDeploymentonly
]
]

! 7’
! deployedOnPlatformonly -

-
-—"

SurvivalRange

Prol

hasSubsystem only

- -

deployedSystem:' I

onl ~
,f”’ hosts only

3
implementedBy,’
only ) ’

hasSystemCapability
only

hasSurvivalRange

only

————————— >[ SurvivalRange ]—- - -;‘»"' Condition I

hasOperatingRange
*~ only

forProperty

-

only

S it b -:——" Property l,,
/ forProperly &

’,——P[ SystemCapability ]- L A

~

“Condition
A

4
J inCondition only

’[ OperatingRange ]—' .

e

Feature

, hasProperty

Res

Violation = 'damaged'

Describes survival capabilities of a System under some specified Conditions.
For example, to the lifetime of a System under a specified temperature range.

In the absence of SurvivalProperties, simply describes the Conditions a System

can be exposed to without damage. For example, the temperature range a System
can withstand before being considered damaged.
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Deployment

SSN-systems Separate Module

S ystemProperty

Non normative http://www.w3.org/ns/ssn/systems/

forProperty

Feature
_________________________ i it Property
I hasSystemCapability ,’fforPr;;Dn‘\ gif;Property
et hasSubsystem only ’O?l.yb[ SystemCapability ]— - == only l""
- - hasDeployment deployedSystem:" . ,” hasSurvivalRange \?O”d"'”o" “i \
\\ _ | . : 1
O—nly —————————————— gn_ly__:::h: =t=-—|‘b| System l—-BE:—ﬂ--OD-y-P[ SurvivalRange ]—- ---;‘»' Condition l o
PPt osts only ~ - . - i
i inDeploymentonly ,,” implementedBy,jk . giiOperatlngRange '; NSl o
E ! only S “‘"’[ OperatingRange ]—" {
! deployedOnPlatformonly e —=-< ~ I|
OperatingRange
Prol
Describes normal OperatingProperties of a System under some specified
:E Conditions. For example, to the power requirement or maintenance schedule of a
"""" System under a specified temperature range.
Res . . . . . . . . rtYOf
In the absence of OperatingProperties, it simply describes the Conditions in
C which a System is expected to operate.

Violation = 'out of operating range'
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SSN-systems Separate Module

Non normative http://www.w3.org/ns/ssn/systems/

Deployment System "Sys{emProper(y forProperty Feature
______________________ N | Property |'\ hasProperty
______________ hasSystemCapability / forProperly & \ only
’_’_--*" ###### hasSub—sXs\temonly ’,O?lfb[ SystemCapability ]— 3 zZ.only - “‘
Lo hasDeployment deployedSystem:” I ,” hasSurvivalRange \?O”d"'”o" i \
\\ _ | . : 1
O—nly ————————————— L —cz==- —‘b| System l—- 45 ---- -OD-Y-P[ SurvivalRange ]—- - -;‘»' Condition l o
.=~" hostsonly 3 . ’ — o
" inDeployment only - implementedBy jk ' halsOperatngange J inCondition only i i
I y ~.0on . 1
! /! only ,,’ ""yi[ OperatingRange ]—' |
! deployedOnPlatform only’/' - . I|
SystemCapability
Proi
Describes normal measurement, actuation, sampling properties such as accuracy,
,E range, precision, etc. of a System under some specified Conditions such as a
"""" temperature range.
Res . . . . . rtYOf
The capabilities specified here are those that affect the primary purpose of the
@ System, while those in OperatingRange represent the system's normal operating |
environment, including conditions that don't affect the observations or the
actuations.
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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
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Early SSN adopters (as of 2018)

« Topics of papers published this year citing SSN
« Smart agriculture (irrigation)
« Smart transportation (sensors generating vehicule signals)
« Smart building (figure below)
* 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 Ferformance information
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he W3C Web of Things working group

Web OCF oneM2M LWM2M Web L
with JSON with CBOR with JSON withSenML J|  with CBOR | Binding
over HTTP over CoAP over MQTT over CoAP over CoAP Tem p|ate5

using “nosec” using DTLS using TLS using DTLS u/ COSE+CWT

Thing Descriptions Binding
“loT Platform” x “Transfer Protocol” x “Media Type” x “Security” Instances
Protocol Bindings Binding
- Implemen-
CoAP JSON CBOR OAuth (D)TLS tations
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The 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

Thll’lg DCSCI’iptiOH 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
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he W3C Web of

hings working group

forms Form
Link
Mul tiLanguage
titles
descriptions
VersionInfo

0..1

version instance: string

Thing
@context: anyURI (or Array)
@type: string [0..%*]
id: anyURI
title: string

description: string [0..1]

titles
descriptions

InteractionAffordance
@type: string [0..*]
title: string [0..1]

description: string [0..1]

T

created: dateTime [0..1]

P tyAfforda
modified: dateTime [0..1] roperty. oraance

observable: boolean [0..1]

support: anyURI [0..1] .

0..*%
base: anyURI [0..1]

security: string [0..*] properties

safe:

idempotent: boolean

actions

securityDefinitions

1..%

v
SecurityScheme

ActionAffordance

boolean

events

data
input
output

0..1 .1

v
DataSchema

.

@prefix td:

<http://www.w3.0rg/ns/td#>.

EventAffordance

subscription
cancellation

uriVariable


http://www.w3.org/ns/td

JSON Schema vocabulary

properties

oneOf

Mul tiLanguage

@type: string [0..*] 0..1
title: string [0..1]
description: string [0..1]
type: strin
e & titles
const: (any type) [0..1] descriptions

unit: string [0..1]
enum: (Array) [0..*]
readOnly: boolean
writeOnly: boolean

format: string [0..1]

/N

minTtems: unsignedInt [0..1]

maxItems: unsignedInt [0..1]

required: string [0..*] minimum: double [0..1]

maximum: double [0..1]

@prefix td: <http://www.w3.o0rg/ns/td#>.

minimum: integer [0..1]

maximum: integer [0..1]
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WoT Security vocabulary

@type: string

scheme: strin
description:

proxy: anyURI

MultiLanguage
[0..%] __4__’___ér_,,f/”//f 0..1
g N
descriptions
string [0..1]
[0..1]

AN

in: string gop: string in: string
name: string [0..1] in: string name: string [0..1]
name: string [0..1]

| BearerSccurityScheme
authorization: anyURI [0..1] identity: string [O. identity: string [0..1] identity: string [0..1]
alg: string
format: string
in: anyURI
name: string [0..1]

authorization: anyURI [0..1] authorization: anyURI [0..1]

alg: string token: anyURI [0..1]

format: string refresh: anyURI [0..1]

in: anyURI scopes: string [0..*]

name: string [0..1] flow: string

@prefix td: <http://www.w3.o0rg/ns/td#>.
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W3C Linked Building Data community group

= O‘DOQ ReS)
- - eSpec
O @ Building Topology Ontology
Qoé“lq-"(’ Draft Community Group Report 21 June 2018
G
o
Latest editor's draft:
https:/fw3c-lbd-cg.github.io/lbd/bot/
TABLE OF CONTENTS Implementation report:
https:/fw3c-lbd-cg.github.io/lbd/bot/
1. Introduction Editors:
2 e . Mads Holten Rasmussen (Niras | Technical University of Denmark)
’ equirements Pieter Pauwels (Ghent University)
], Axiomatization Maxime Lefrangois (Ecole Nationale Supérieure des Mines de Saint-Etienne)
3.1 Namespace Contributors (ordered alphabetically):
3.2 Overview of Classes and Properties Caopyright © 2018 the Contributors to the Building Topology Ontology Specification, published by the Linked Building Data Community
3.3 Zones and sub-zones Group under the W3C Community Contributor License Agreement (CLA). A human-readable summary is available
3.31 Overview and Examples
332 Specification
3321 botZone
3322 bot:Site = bot:Zone Abstract
3323 RotSdngilbctlons The Building Topology Ontology (BOT) is a minimal ontology for describing the core topological concepts of a
3324 bot:Storey = bot:Zone building
3325 bot:Space C bot:Zone
3326 bot-containsZone The namespace for BOT terms is http: //www. w31 B
3327 bothasBuilding = bot.containsZone ) — sTID. T T T Tl
3328 bot:hasStorey C bot:containsZone The suggested prefix for the BOT namespace bOt:SpGCe n N ‘-\_T
. - Y
3329 (eiERyeTes E D el s The Turtle version of the BOT ontology is available at http:/w bOfZSpGCG - ' S
33210 bot:adjacentZone bot:odpcentZone .F,*‘-"‘._-—.ﬂ Tl N
3321 botintersectsZone ’__/ - - N N [N
™, 34 Elements . Y
) . Status of This Document e - e
244 = L -~ PR Y]

bot:containsZonef

bot:Zone
g
s
y

botBulding----------: q
d

credit: Mads Holten Rasmussen, Alectia

@prefix bot: <https://w3id.org/bot#>. o



https://w3id.org/bot

W3C Linked Building Data community group
Features of Interest — Property — Value

L1

ex:width

/_\ “aredtlength
%WindOW-325>J 1800 mm"™ st
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W3C Linked Building Data community group
Features of Interest — Property — Value

L2

ex:Property

ex:width ' schema:value

%Window—325>j \

prov.generatedAflime

*2018-06- 19TO8.00-00Z" s datsime

1800 mm"<dtlength




W3C Linked Building Data community group
Features of Interest — Property — Value

L 3 seas:Evaluation

prov:Entity, opm:PropertyState
A
*2018-03-22T1200.007 " >sddeene ey o

schema:value

opm:PrAOperty “1200 mm"™“cdtlength

ex:width ! opm:hasPropertyState

GWindow—325>j T o

opm:hasPropertyState

ki . o ] ; "*Mysd datelime :
2018-06- 19T08:00:00Z" 44 :opm:Curreanmpe .

\}
seas:Evaluation
prov:Entity, opm:PropertyState
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Communication between heterogeneous
agents on the Web: conceptualization, scenarios, challenges

Datatypes ? (é

sender receiver
medium
O :
v Lower:
- Generates a Transmits
representation of | the message via Lift:
the content the internet Decodes and get
* understanding
|
- — | =

M. Lefrancois, RDF presentation and correct content conveyance for legacy services and the web of things. IOT 2018 61



Datatypes for industrial applications
Physical quantities representation

 CDT: Custom Datatypes

0 Slmpllfles the representation and exchange of phyS|caI quant|t|es

T o ounce (.
Ilmakiast lunthl nne
1927

"20.7 Cel"™cdt:ucum ‘ | ;
o | ey HR I

"68-4 o/o"AACdt:ucum . . } V || HAA - .

ET ‘ - f o) : "h'

"27.1 ug.m-3"~"cdt:ucum : g " 2 ' e _— ‘

| | T . : : % . ]l - ? \

142 [ppm]"""cdt:ucum ,“ R {276 W"~~cdt:ucum
B | e e R i Vi L. & YODR IE : .
n HAA o o . : ‘ .& . ;
1013.25 hPa"~"~cdt:ucum . R A:E . 102 m2"Aredtcucum

"1.01325e5 Pa"AAcdt ucum
| [Fr—— '5 \

“52 a"""cdt ucum _.*J
| | \mi
. "33 cL"AAcdt ucum

T ;‘V'

"9.7 L"~cdt:ucum

_.-_l J,lri‘i

AN

"O [mi_il/h"~"cdt:ucum
"9 m.s-1""cdt:ucum
"9 km/h"~cdt:ucum

M. Lefrancois and A. Zimmermann, The Unified Code for Units of Measure in RDF: cdt:ucum and other UCUM Datatypes,

In Proc. Extended Semantic Web Conference, 2018



Datatypes for industrial applications
Physical quantities representation

 CDT: Custom Datatypes

o Simplifies the representation and exchange of physical quantities

o Simpler requests, faster execution

o Less complexity for the expert that writes them

CDT https://w3id.org/lindt/ @ QUDT

PREFIX cdt: <http://w3id.org/lindt/vl/custom_datatypes#>
SELECT ?x ?prop ?length WHERE {
?x ?prop ?length .
FILTER(datatype(?length) = cdt:length )
FILTER( ?length < "Sm"~"cdt:length )
}
ORDER BY DESC (?length)
LIMIT 1ee

DEMO

M. Lefrancois and A. Zimmermann, The Unified Code for Units of Measure in RDF: cdt:ucum and other UCUM Datatypes,

In Proc. Extended Semantic Web Conference, 2018

PREFIX qudt: <http://qudt.org/schema/qudt#>
PREFIX qudt-unit: <http://qudt.org/vocab/unit#>

SELECT ?x ?prop ?length (?factor*?length as ?metres) WHERE {

VALUES (?factor ?unit)
{ (8.001 qudt-unit:millimetre)
(0.01 qudt-unit:centimetre)
(1 qudt-unit:metre)
(1000 qudt-unit:kilometre)
¥
?x ?prop [
qudt:quantityvalue [
qudt:numericValue ?length ;
qudt:unit ?unit ] ] .
FILTER( ?factor*?length < 5 )
}
ORDER BY DESC (?metres)
LIMIT 1lee
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https://w3id.org/lindt/

Script-based Support of Arbitrary Datatypes

https://ci.mines-stetienne.fr/lindt/spec.html

[Lefrangois&Zimmermann,ESWC’'2015]
<watt>

/

1-use HTTP IRI

g0

JavaScript N
3, 4 - this code implements APIs

to process the datatype

2 — serve executable code

L( D) Comparison
[2 V(D) <watt> and <kW>

64



Communication between heterogeneous
agents on the Web: conceptualization, scenarios, challenges

sender receiver
medium
© :
/1 \
Lower:
Generates a Transmits
representation of | the message via Lift:
fhe content the internet Decodes and get
e.g.,, STTL understanding
- e.g., SPARQL-Generate |

| \ *
| 722 - | 272

M. Lefrancois, RDF presentation and correct content conveyance for legacy services and the web of things. IOT 2018 65



SPARQL-Generate
Heterogeneous data integration language

</>
| 0011

{z] |
“*

{:}
X+]SON

{v}
</>

—

M. Lefrancois, ,A. Zimmermann, N. Bakerally, A SPARQL extension for generating RDF from heterogeneous formats,
In Proc. Extended Semantic Web Conference, 2017
+ EKAW, Hackatons, Tutorial ESWC 2018 66



SPARQL-Generate
Heterogeneous data integration language

< .8 T & >
R
vz

A s el s

https://w3id.org/sparql-generate/

Requests and generates both RDF and documents with
heterogeneous formats.

Generates RDF from documents
in XML, JSON, CSV, GeoJSON, HTML, CBOR,

text, ...

Generates RDF or text streams from streams of

Open-source implementation Licence Apache 2.0

Expressive, fast, extensible to other formats
M. Le

big CSV documents, MQTT streams, WebSocket,

In ProC. EXtended Semantic VWeDb conierence, 2017
+ EKAW, Hackatons, Tutorial ESWC 2018
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SPARQL-Generate
Heterogeneous data integration language

P B 2l

Ao Tete “Fata

https://w3id.org/sparql-generate/

TUTORIAL

Open-source implementation Licence Apache 2.0

Expressive, fast, extensible to other formats
M. Le

In ProC. EXtended Semantic VWeDb conierence, 2017
+ EKAW, Hackatons, Tutorial ESWC 2018


https://w3id.org/sparql-generate/
https://ci.mines-stetienne.fr/sparql-generate/playground.html

Contents

» Generalities on the Internet of Things

Web and web principles

* From the Internet of Things to the Web of Things
» Interaction protocols for the Web of Things

» Architectural styles for the Web of Things

« Document formats for the Web of Things

« Some ontologies for the Web of Things / Using RDF as a lingua franca

69



