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Automation and delegation of  repetitive cognitive activities

Understanding/interoperability between heterogeneous things and services

Cooperation between services, things and human activities
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making the Semantic Web formalisms and technologies 

more accessible to the companies and the web of  things



Assisting the Semanticization of  

data with Vocabularies, 

Languages, and Tools

1. Semantic interoperability on the Web
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How to reach semantic interoperability at the data 

level between heterogeneous things and services?
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Goal: RDF data model as lingua franca for 

Semantic Interoperability
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Idea: just send RDF!

application/rdf+xml

text/turtle

application/ld+json

…

ERI 

HDTQ

RDF data formats will never be the only ones on the web

Developers prefer JSON, …
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Idea: just send RDF! JSON-LD!

Solution: 

- to rely on *one* RDF syntax like JSON-LD 

Requires:

- Global adoption of  JSON-LD 

- Maintaining during the development or the evolution phase

Abstract data model 

(ontology)

+ JSON validation: JSON Schema

JSON-LD Context

+ RDF validation: SHACL/SHeX



Lower: 

Generates a 

representation of 

the content
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Communication between heterogeneous agents on the Web

send

receivermedium

received

1 2

Transmits 

the message via 

the internet
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Lift:

Decodes and get 

understanding

sender

How to: content is always a RDF graph [Lefrançois,SIS-IoT’2018]



Heterogeneous formats 11

Lift heterogeneous data to RDF
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Our lifting language: SPARQL-Generate

 Supports XML, JSON, CBOR, CSV, TSV, HTML, plain text, GeoJSON, ......

 Generate RDF Streams from large CSV docs, Web streams, HTTP GET operations.

 Open-source implementation over Apache Jena (financed by ITEA, ANR, ENGIE)

 Demonstration and documentation Web site http://ci.emse.fr/sparql-generate/

[Lefrançois&Zimmermann@ EKAW’16, EGC’17, ESWC’17]

Tutorial at ESWC 2018

Website: 150 – 200 sessions per months

Flexibility + extensibility

http://ci.emse.fr/sparql-generate/


Assisting the Semanticization of  

data with Vocabularies, 

Languages, and Tools

2. Ontology engineering, standardization



Choosing your ontology for Sensor Data 

applications
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They have heterogenities
 In adoption, 

 In institutional statuses, 

 In structure/content/publication/metadata quality

 In maintenance

 In extensibility

 In availability

LOV

600+ ontologies 350+ ontologies

→ Ontology portals

150+ ontologies



@prefix seas: <http://w3id.org/seas/>. 

Smart Grid

Core of  SEAS

Ontology patterns

Simple
Transport

Smart Home

Building

HVAC

[Lefrançois et al., 2017]

[Lefrançois, SIS-IoT’17]
simple core + extensible + open-source

Designing an engineers-friendly ontology

http://w3id.org/seas


 Conform to the publication and metadata best practices

 Detect violations as soon as possible

 Leave little work for the ontology maintainers

 Open source development projects quality criterias:

 Modular,

 Semantic Versioning, 

 Open source (allow for contributions)

 Short learning curve

 Simple core

 Consistent extensions ot various domains

 Internal structure

 All the resources IRIs must be in the same namespace
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Designing an engineers-friendly ontology

@prefix seas: <http://w3id.org/seas/>. 

http://w3id.org/seas


SEAS - Current modules
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The OGC&W3C Semantic Sensor Networks Ontology

A joint OGC and W3C standard Modular with a simple core

SOSA = Sensor, Observation, Sample, Actuator

@prefix sosa: <http://www.w3.org/ns/sosa/>. 
@prefix ssn: <http://www.w3.org/ns/ssn/>. 

http://www.w3.org/ns/sosa
http://www.w3.org/ns/ssn
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simple core + based on patterns

@prefix sosa: <http://www.w3.org/ns/sosa/>. 
@prefix ssn: <http://www.w3.org/ns/ssn/>. 

The OGC&W3C Semantic Sensor Networks Ontology

http://www.w3.org/ns/sosa
http://www.w3.org/ns/ssn
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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



Slides adapted from María Poveda Villalón, Raúl García Castro Ontology Engineering Group Universidad Politécnica de Madrid, Spain

The ETSI SAREF ontology

21

2
0

1
3

SMART 2013/0077 Standardization Initiative
European Commission & ETSI EC SmartM2M
•Agreed semantics for smart appliances
•Build a reference ontology

2
0

1
4

SAREF Study
Publication
SAREF v1 Ontology

2
0

1
5

STF534
•SAREF4CITY
•SAREF4INMA
•SAREF4AGRI

2
0

1
7

2
0

1
7

STF513
3 SAREF extensions 

+ SAREF v2
•SAREF4ENER
•SAREF4ENVI
•SAREF4BLDG

New STF556
“Consolidation of SAREF 
and its community of 
Industrial users, based on
the experience of the 
EUREKA ITEA 12004 
SEAS project”

2
0

1
8

Result of 
STF 534, 556

+ SAREF v3
+ doc portal

2
0

1
9

SEAS + SAREF = SAREF v3



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

W3C Linked Building Data community group
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credit: Mads Holten Rasmussen, Alectia

https://w3id.org/bot


Features of  Interest – Property – Value

23

W3C Linked Building Data community group



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



Features of  Interest – Property – Value
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W3C Linked Building Data community group
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3. Lightweight description 

for key information



OM: Ontology of  Units of  Measure

QUDT: Quantities, Units, Datatypes

Values of  physical quantities, units of  measure, precision, …

cnr:FR:CN1:C:10002 

seas:maximalCurrent [ 

om:value [ 

om:unit_of_measure_or_measurement_scale om:ampere ;

om:numerical_value 32.0 ] ] .

Some

Quantity
some QuantityValue

value

URIunit

literalnumerical value
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Lightweight description for key information



CDT: Custom Datatypes
Easier to represent quantity values

"4.31 bar"^^cdt:ucum

Figure 1. Two cdt:ucum adopters sitting at a table

"102 m2"^^cdt:ucum

"0.7 L"^^cdt:ucum

"450 lm"^^cdt:ucum

"276 W"^^cdt:ucum

"27.1 ug.m-3"^^cdt:ucum

"20.7 Cel"^^cdt:ucum

“68.4 %"^^cdt:ucum

"142 [ppm]"^^cdt:ucum

"0.27 W/(m2.K)"^^cdt:ucum
"33 cL"^^cdt:ucum

"0 [mi_i]/h"^^cdt:ucum
"0 m.s-1"^^cdt:ucum
"0 km/h"^^cdt:ucum

"1013.25 hPa"^^cdt:ucum
"1.01325e5 Pa"^^cdt:ucum

@prefix cdt: <http://w3id.org/lindt/custom_datatypes#>. 

“52 a"^^cdt:ucum
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Lightweight description for key information

[Lefrançois&Zimmermann,ESWC’2018]

http://w3id.org/lindt/custom_datatypes


Query with QUDT vs query with cdt:ucum

with QUDT
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)

{ (0.001 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 100

for CUSTOM
PREFIX cdt: <http://w3id.org/lindt/v1/custom_datatypes#>

SELECT ?x ?prop ?length WHERE {

?x ?prop ?length .

FILTER(datatype(?length) = cdt:length )

FILTER( ?length < "5m"^^cdt:length )

} 

ORDER BY DESC (?length)

LIMIT 100



Script-based Support of  Arbitrary Datatypes

2 – serve executable code

<watt>

L(D)

L2V(D)

Comparison
<watt> and <kW>

1 - use HTTP IRI

3, 4 - this code implements APIs
to process the datatype

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

[Lefrançois&Zimmermann,ESWC’2015]
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Take away items

1. RDF Lifting and the SPARQL-

Generate language to reach Semantic 

interoperability on the Web

2. Modular and versioned ontology 

development based on ontology 

patterns, standardization 

3. Lightweight description for key 

information using datatypes
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