\_OV4IOT Linked Open Vocabularies

‘ for Internet of Things
(LOV4I0T)

WARNING! Check our dedicated web site to stay updated with the latest news, documentations, etc.
http://lov4iot.appspot.com/
Documentation updated:
http://lov4iot.appspot.com/documentation/LOV4loTDocumentation.pdf

Version 2 http://lov4iot.appspot.com/documentation/LOV4loTDocumentation.pdf

Version1 DERRECATED-

Creator Amelle Gyrard (Ecole des Mines de Saint Etienne, Eurecom - In5|ght NUIG/DERI)

Designed and implemented by Amélie Gyrard, she was a PhD student at Eurecom under
the supervision of Prof. Christian Bonnet and Dr. Karima Boudaoud.

She was also a post-doc researcher at Insight within the loT unit led by Dr. Martin
Serrano. She is highly involved in the FIESTA-loT (Federated Interoperable Semantic
loT/Cloud Testbeds and Applications) H2020 project.

Contributors

Nicolas Seydoux
Ghislain Atemezing
Thanks to the wonderful LOV team for sharing their expertise ©

Send
Feedback

Do not hesitate to ask for help or give us feedback, advices to improve our tools or
documentations, fix bugs and make them more user-friendly and convenient:

amelie.gyrard@emse.fr

Google Group

https://groups.google.com/d/forum/m3-semantic-web-of-things

Last updated

November:
e Recommendations for the new web site and up-to-date documentations

October 2017
e Query all health ontologies (to get their URL) with the LOV4loT web service
e All web services are now hosted on http://lov4iot.appspot.com/, documentation
updated

August 2017
e LOV4IoT web services for PerfectO
e LOV4IoT web services summary table and description
e LOV4loT more automatic with more web services
e Refinement between loT, WoT, Smart City and Sensor ontologies
e Methodology to update the ontology catalogue — V1

September, June 2016
e Add section web services/APIs (already explained in the M3 documentation)



http://lov4iot.appspot.com/
http://lov4iot.appspot.com/documentation/LOV4IoTDocumentation.pdf
http://lov4iot.appspot.com/documentation/LOV4IoTDocumentation.pdf
http://lov4iot.appspot.com/documentation/LOV4IoTDocumentation.pdf
http://www.fiesta-iot.eu/
http://www.fiesta-iot.eu/
https://groups.google.com/d/forum/m3-semantic-web-of-things
http://lov4iot.appspot.com/

e Restructuration of the document
e Update LOV4IoT citations
e Suggestion new web services —improvement idea

April 2016
e Errors with LOV, LOV community Google +
e Suggesting a vocab to LOVIoT

March 2016
e Suggesting a vocab to LOV

Created

February 2016

Status

& Work in progress

Goal

This documentation enables understanding the LOV4loT tool:

e Use the Graphical User interface (GUI)

e Use the web services

e Contribute to the LOV4loT knowledge base
Linked Open Vocabularies for Internet of Things (LOV4IoT) is an extension of Linked Open
Vocabularies (LOV) for Internet of Things

Useful links

M3 ontology OWL code: http://sensormeasurement.appspot.com/m3#

M3 ontology documentation:
http://sensormeasurement.appspot.com/documentation/NomenclatureSensorData.pdf
M3 documentation with Parrot: http://ontorule-
project.eu/parrot/parrot?documentUri=http%3A%2F%2Fwww.sensormeasurement.apps
pot.com%2Fm3%23&mimetype=application%2Frdf%2Bxml|&profile=technical&language=
en&customizeCssUrl=



http://sensormeasurement.appspot.com/m3
http://sensormeasurement.appspot.com/documentation/NomenclatureSensorData.pdf

Table of contenty

I.  LOVIOT Web services hosted 0N LOVAIOT ........oiiiiiiiiieiiieeiiee ettt sttt et sire e st esnee e 8
L SUMIMIAIY e e 8

2. Web service: Get the total number of ontologies........cccevveviiiiiiiiiiiieiee e, 8

3. Web service: Get the number of ontologies by domains.........ccccoecvveeiiiiieeiinciieee e, 9
4. Web service: Get the number of ontology by ontology status .........ccccevviiieeeiniineenn. 10
5. Web Service: Get all domains referenced within LOVAIOT.........cccocveviinieniiinicnineene 11
6. Web Service: Get all ontologies referenced within LOVAIOT .......ccoeeiivviciiiieeeeeeeeieenns 11
7. Web Service: Get all ontologies for a specific domain ........cccceecveviiviiiiiiiniiieeeciee, 12
8. Web Service: Get all health ontologies useful information..........cccceecveviiriiieeieicinenn. 12

II.  Adding a new domain to LOVAIOT MethodolOgY........ccccuiiiiiiicieiiiiieiie et 13
1. Refinement between loT, WoT, Smart City and Sensor ontologies..........cccccuveeeecieeeeecieeeenns 14
Iv. LOVAIOT CItatiONS . ..eeeeeiiiieee ittt e eeitee e ettt e e s ettt e e s ettt e e s e et e e s sbe e e e s saneeeessaneeeessasaeeessneeeessanseeessanee 15
V. Introduction: From LOV tO LOVAIOT ...coooiiiiiiiiiiieeiee ettt ettt ettt et e s ree b e st e sneeesabeeeaees 15
9. Suggesting a vocabulary t0 LOV........ooiiiiiiie ettt e e s 16
10.  Errors encountered when suggesting a vocabulary on LOV ........cccceccvevevvciieeecnnen. 20
11.  Suggesting a vocabulary to LOVAIOT .....cuviiiiieiiiie et e e e 22
VL. Reusing domain knowledge With LOVAIOT .....cccviiiiieiiiiiiieecee e esvee s eee e e v s s 23
VII, LOVAIOT WED SEIVICES/APIS ....vveiiieeteiee ettt ettt e st e e s sbae e s s st e e s s sbbeeessnbaeesssnbeeesssbeeesssanes 25
1. LOVAIOTWS JAVA ClaSS ..eeuiiiiiiiiieieetee ettt e 25
2. Web service: Get the total number of ontologies.......ceeeieiveiiiiiiiveiiieieecceeeee e, 26
3. Web service: Get the number of ontologies by domains.......ccccceeeeeeeeeiiciiiveeeeeeeeeiennns 27
4. Web service: Get the number of ontology by ontology status .........cccceeveeiiiiennnnnnen. 28
Use Case: LO4loT HTML user interface using web Services .......ccoooveeeeeeeieccciiiveeeeeenn, 29

VL HTIML WED PAGE . ettt e et e e e et e e e sbte e e e sbtaeeesbaeeeesstaeeesanes 31
1. Adding a new ontology in LOV4IoT HTML web page.......cccovveeeeeeeeecccviieeeeee e, 31
IX. [0 TN B g1 o] (o = P UPRURPRNt 32
1. Visualizing LOVAIOT With WEBVOWL.......ooiiiiiiiiiienieeiee ettt st 32
X, LOVAIOT RDF daASEL .e..eeeiieiieniieniieriiesite ettt ettt st sttt ettt st e b et e b e sme e smeeemeeenneen 33
1. Adding a new instance in the LOVAIOT RDF dataset.......cccovvveeeeeeeevecinrreeeneeeeeeennneneen. 34
Xl LOVAIOT BOT ...ttt ettt ettt et ettt e e e e e ettt e e e e e e s annreeeeeeeeesnnsebeeeeeeeseaannrnnes 34
1. LOV BOt USEr iNTErTACe ..cceeiiieeieeeee et 34



2.

XIl.

XIl.

XIV.

AN A A

P w N oPE

LOV BOt @XPlanationS.....ciiciieciiiieeeiec ettt e e e e s eeebarrer e e e e e s eesanbraeeeeeeeenas 35

[0 T N Y ol oY1 =T (U PSPPI 36
RePOSItOry pUrl WIth GRiS......c.veiiiiiiiii e e e s e e e e saaae e e snes 36
LOVAIOT USE CASES...etiiiiiiiiiiiiittteeeeeeeiiitt et e e e e s ettt e e e e s s esbs e e eeeeeeesannereeeeeeeeesanneraeeeesesesannnnnes 36
[0V o) I Yo (VL= aTolc N T - = o APPSR 36
Machine-to-Machine Measurement (M3) framework..........ccccveevcieencieeccie e, 36
DOMIAIN EXPBITS ..eeeeeieiiteitietttetttettteteeeteteteeeteeateteeeeeeeteteeeeeteeeeaeeeeeeeseeeseseeeeeeeeesesesennsnnnnnnes 37
Knowledge extraction EXPEIS ... et eerrrrre e e e e e e e rer e e e e e 37
Ontology Matching tOO] EXPEIES .....uuviiiiiiii e e 37
[0T/SWOT developers and ProjJECS ......cceiccieeccieeeiieeeieeeeeeeeeree e ree et e e be e e s reeeearee s 37
Ontology Matching toO] EXPEIES .....uuiiiiiieei i 38
LesSSONS Learnt: BESt PraCliCeSs .uuuuiii ittt ettt e s s e siiree e e e e e s s e sanraaeeee s 38
Ontology DoCUMENTAION ..vvviei i e 38
IMPIrOVEMENT IHEAS ..eiiiiieie ittt e e et e e e et e e e s bte e e s sbteeeesasteeeesntaeessssseeeesnes 39
IMproving the User INTErface ... e e 39
Checking Dest PraCtiCes ....ovuiiiiiiiiiee et e e e s e e e e eaeaeeeeans 41
Automatically updating LOVAIOT .......eeeieiiiiie ettt eeee e e e e e e e e e iaaee s 42
NEW WED SEIVICE ..eiineiiiiiee ettt ettt e e st e e e e s s 43
2] =] T ol 43



Table of figures

FIGURE 1. LOV4IOT WEB SERVICE TO COUNT THE TOTAL NUMBER OF ONTOLOGIES .....ccvviitniiiiieriieiineeennnns 9
FIGURE 2. LOV4I0T WEB SERVICE TO COUNT THE NUMBER OF ONTOLOGIES BY DOMAIN .....c.cvuvivvniiiineeennnnns 10
FIGURE 3. LOV4I0T WEB SERVICE TO COUNT THE NUMBER OF ONTOLOGIES BY ONTOLOGY STATUS............ 10
FIGURE 4. RESULT RETURNED BY THE WEB SERVICE GETALLDOMAINFROMLOVA4IOT ....covviiiiiiieiiicei, 11
FIGURE 5. RESULT RETURNED BY THE WEB SERVICE GETONTO ...u.iiuuiiiiiiiieeiiieii st e etsesanessbeesaesanesanenas 11
FIGURE 6. RESULT RETURNED BY THE WEB SERVICE /GETONTODOMAIN/?DOMAIN=CITY ..cvvveieieeeiievvviinen. 12
FIGURE 7. RESULT RETURNED BY THE WEB SERVICE /GETONTODOMAIN/?DOMAIN= HEALTH ........ccvvvvrnnnnnnn. 13
FIGURE 8. 0T, WOT, WIRELESS SENSOR NETWORKS ARE COMPLIMENTARY ...cvuuiiitieeeietneeeerneeserneeeesnnnes 15
FIGURE 9. LINKED OPEN VOCABULARIES (LOV).....uiiiiiiiieie ettt e e s sttt e e e e e s st e e e e e e e s snnnnaneeaeeeennns 16
FIGURE 10. SUGGEST A VOCABULARY ON LOV ..ceeiiiiii ettt e e e s e e e e s 17
FIGURE 11. SUGGEST YOUR ONTOLOGY ON LOV L.ttt s e e s s s saa e ean 17
FIGURE 12. SUGGEST YOUR ONTOLOGY ON LOV WITHOUT ERRORS......uiittiiitiieiiniiiieeiiiesineesieesaesansssneees 18
FIGURE 13. LOV RECOMMENDATIONS .. ttuuiittiitnititneetteratsstatesasesssssssessnsstatessstsssesnsetsessteessserseessnrenes 19
FIGURE 14. ERRORS ENCOUNTERING WHEN SUGGESTING ONTOLOGIES ON LOV ...ccvviiiiiiiiiciiiici e, 20
FIGURE 15. LOV COMMUNITY ON GOOGLE 7 ...cuuiiitiiiiiiiiee et es e et s e st e et s et s st s eaa e sanessbasesassanseanseren 21
FIGURE 16. THE REACTIVE LOV COMMUNITY GUIDES US TO FIX ISSUES REGARDING ONTOLOGIES ............... 21
FIGURE 17. ALMOST 300 ONTOLOGY-BASED PROJECTS REFERENCED IN LOVAIOT .....coiiiiiiiiiiiiiiiiiecei, 22
FIGURE 18. ONTOLOGIES CLASSIFIED IN VARIOUS DOMAINS ...uuiituiitiitteitiesttisestessnessniessesstsessessneessnnenes 23
FIGURE 19. CLASSIFICATION OF PROJECTS ACCORDING TO THE REUSABILITY .uivvniiiiiiiiiieiieeiiieesinesaneeesneens 23
FIGURE 20. SCREENSHOT OF LOVAIOT .ouiiitiiiiiiiiie ettt ettt e e et et e et e s b e s et e e sa e s abeesaa e ean 24
FIGURE 21. LOVAIOTWS JAVA CLASS LOCATION 1.tuitttiitieeitiiettettteestiessnesstasessnessnessnsessnesstaeesnnessnesssnnenes 25
FIGURE 22. EXAMPLE OF THE LOVAIOT/TOTALONTO: WEB SERVICE .....uiiivtiieieieeeiitieeeeeiseeeesasessranesesennnns 26
FIGURE 23. LOV4IO0T WEB SERVICE TO COUNT THE TOTAL NUMBER OF ONTOLOGIES .....cevuvivnieiieiiieeennens 27
FIGURE 24. LOV4IO0T WEB SERVICE TO COUNT THE NUMBER OF ONTOLOGIES BY DOMAIN .....ouvvveniiinneeennesns 28
FIGURE 25. LOV4I0T WEB SERVICE TO COUNT THE NUMBER OF ONTOLOGIES BY ONTOLOGY STATUS......... 29
FIGURE 26. LOVAIOT WEB SERVICES ... cuuiituiittnitttietterttsttasetaessssesssetanesstasessetsnsetntetaesstreseersteesnreres 30
FIGURE 27. LOVAIOT HTIML FILE LOCATION ..ttuiiitniittittieettisetaesstesetasesanesstasessnssssssssssessnssstnsesssessnessenseres 31
FIGURE 28. LOVAIOT ONTOLOGY FILE LOCATION ...uuitttittteititettneseteestesanesstnsessnsssssesssessnesstsesnssssnessensenes 32
FIGURE 29. VISUALIZING LOV4IOT ONTOLOGY WITHWEBVOWL ..o, 33
FIGURE 30. LOVAIOT RDF FILE LOCATION .1t uittuitit ettt ettteetteettesstesettsessaesstasessnessssssnesanesstsssnessneessnseres 33
FIGURE 31. AN ONTOLOGY-BASED IOT PROJECT REFERENCED IN THE LOV4IOT RDF DATASET .....ccvvvevneeee. 34
FIGURE 32. LOVAIOT BOT USER INTERFACE .. .cuuiittuiittettieetteettesstaesstesanesstasessessssstnesanesstsessaessnesssnienes 35
FIGURE 33. CODE TO SEND EMAILS TO CONVINCE AUTHORS TO SHARE THEIR ONTOLOGIES WITH LOV4IoT

0 1 35
FIGURE 34. BUBBLE VIEW TO CLASSIFY ONTOLOGIES ACCORDING TO THE SENSOR TYPE ....ucvvvviivieieieeenneses 40
FIGURE 35. BUBBLE VIEW TO CLASSIFY ONTOLOGIES ACCORDING TO THE |OT APPLICATIVE DOMAIN ............ 41
FIGURE 36. BEST PRACTICES TOOLS INTEGRATED WITH LOV .. .eiiiiiii et 42
FIGURE 37. INTEGRATING LOV4IOT WITH SEMANTIC SEARCH ENGINES AND CATALOGUES.......cccvvverveneeennnnn. 43



Terms and acronyms

loT Internet of Things (loT)
Lov Linked Open Vocabularies
LOV4loT Linked Open Vocabularies for Internet of Things

M3 framework | Machine-to-Machine Measurement (M3) framework







I. LOVIoT Web-services hosted ovw

LOV4IoT

1.Swwmumawy

Table 1. Summary LOV4loT Web serviced hosted on PerfectO

Get number total of
ontologies

E.g., http://lov4iot.appspot.com/lov4iot/totalOnto/

Get the number of
ontologies by
domains

E.g., http://lov4iot.appspot.com/lov4iot/nbOntoDomain/?domain=BuildingAutomation

Get the number of
ontology by ontology
status

E.g.,
http://lov4iot.appspot.com/lov4iot/ontoStatus/?status=Online

Get all domains
referenced within
LOV4aloT

http://lov4iot.appspot.com/perfectoOnto/getAllIDomainFromLOV4loT

Get all ontology links
referenced within
LOV4aloT

http://lov4iot.appspot.com/perfectoOnto/getOnto/

Get all ontologies for
a specific domain

http://lov4iot.appspot.com/perfectoOnto/getOntoDomain/?domain={domain}
Generic web service, domain must be replaced by a domain referenced within the M3
taxonomy.

E.g., http://lovédiot.appspot.com/perfectoOnto/getOntoDomain/?domain=City

Get all health
ontologies

http://lov4iot.appspot.com/perfectoOnto/getOntoDomain/?domain=Health

2. Welbr service: Get the total muumber of ontologies

Query:

http://lov4iot.appspot.com/lov4iot/totalOnto/



http://lov4iot.appspot.com/lov4iot/totalOnto/
http://www.sensormeasurement.appspot.com/lov4iot/nbOntoDomain/?domain=BuildingAutomation
http://www.sensormeasurement.appspot.com/lov4iot/ontoStatus/?status=Online
http://perfectsemanticweb.appspot.com/perfectoOnto/getAllDomainFromLOV4IoT
http://perfectsemanticweb.appspot.com/perfectoOnto/getOnto/
http://perfectsemanticweb.appspot.com/perfectoOnto/getOntoDomain/?domain=City
http://www.sensormeasurement.appspot.com/lov4iot/totalOnto/

This XML file does not appear to have any style information associated with it. The document

- <spargl>
—<head>
<variable name="ontologyTotal"/>
</head>
— <results>
— <result>
— <binding name="ontologyTotal">
<literal datatype="http://www.w3 org/2001/ XML Schema#inte ger"E literal=
</binding>
</result=
</results=
</sparql=

Figure 1. LOV4loT Web service to count the total number of ontologies

In the picture, 270 is the total number of ontologies referenced in the LOV4loT RDF dataset.

3. Welr service: Get the rmumber of ontologies by
domaing

Query: http://lov4iot.appspot.com/lov4iot/nbOntoDomain/?domain=BuildingAutomation

For instance domain is: BuildingAutomation, Weather, Emotion, Agriculture, Health, Tourism,
Transportation, City, Energy, Environment, TrackingFood, Activity, Fire, TrackingCD, TrackingDVD,
SensorNetworks, Security.

The domain is referenced in the M3 nomenclature which is implemented in the M3 ontology
(subclassOf FeatureOfinterest).


http://www.sensormeasurement.appspot.com/lov4iot/nbOntoDomain/?domain=BuildingAutomation

This XML file does not appear to have any style information associated with it. The documer]

— <spargl>
—<head>
<variable name="nbOntoDomain"/=
</head=
— <results>
— <result>

— <binding name="nbOntoDomamn">
<literal datatype="http-//www w3 org/2001/XMLSchemazintege teral>

</binding>
</result=

</results>=

</spargl>

Figure 2. LOV4loT Web service to count the number of ontologies by domain

4. Welr sexrvice: Get the nmumber of ontology by
ontology status

Query:

http://lov4diot.appspot.com/lov4iot/ontoStatus/?status=Online

For instance, status is: Confidential, OngoingProcessOnline, WaitForAnswer, Online, OnelinLOV,
AlreadyLOV.

This XML file does not appear to have any style information associated with 1t. The documen

—<spargl=
— <head=>
<variable name="ontologyTotal"/=
</head>
— <results=
—<result>

— <hinding name="ontology Total">
<literal datatype="http-//www.w3 . org/2001/ XML Schema#inte geliterall}
</binding>
</result>
</results>
</spargl>

Figure 3. LOV4loT Web service to count the number of ontologies by ontology status

The web service returns that 87 ontologies referenced in the LOV4loT RDF dataset are online.
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http://www.sensormeasurement.appspot.com/lov4iot/ontoStatus/?status=Online

5.Welr Sexvice: Get all domaing referenced withivw
LOV4IoT

Result returned by the web service:
http://lov4iot.appspot.com/perfectoOnto/getAllIDomainFromLOV4loT

Web service Output: Domains URL, labels and comments are returned by the web service.

Figure 4. Result returned by the web service getAllDomainFromLOV4loT

6. Welr Sexrvice: Get all ontologies referenced
withivw LOV4IoT

Result returned by the web service:

http://lov4iot.appspot.com/perfectoOnto/getOnto/

Web service Output: Project URL, Ontology URL, project labels and comments (including the
research paper) are returned by the web service.

urement, appspot . comfont fmi/CityPulye

" sntalogyURL =3
vifpurl . ccle. orgMET/UNTS/ saaf saodd furl>

real-tise IoT data stress annctation and processing [Kelozali et al. iThings 2004]

Figure 5. Result returned by the web service getOnto
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http://perfectsemanticweb.appspot.com/perfectoOnto/getAllDomainFromLOV4IoT
http://perfectsemanticweb.appspot.com/perfectoOnto/getAllDomainFromLOV4IoT
http://lov4iot.appspot.com/perfectoOnto/getOnto/

7.Web-Sevvice: Get all ontologies for o specific
Result returned by the web service:
http://lov4iot.appspot.com/perfectoOnto/getOntoDomain/?domain=City

?domain is the parameter of the web service and should be compliant with the domains referenced

within M3 ontology.

Web service Output: Project URL, project labels and comments (including the research paper) are

returned by the web service.

rinciples [Consali et al. Wk Cospanion 2915

=

eful te clasiify projects and ontologied withis the LOVAIST Project.

Figure 6. Result returned by the web service /getOntoDomain/?domain=City

8. Welr Service: Get all healtivontologies useful
information

Result returned by the web service:

http://lov4iot.appspot.com/perfectoOnto/getOntoDomain/?domain=Health

?domain is the parameter of the web service and should be compliant with the domains referenced

within M3 ontology.

Web service Output: Ontology URL, project labels and comments (including the research paper) are

returned by the web service.

We suggest to retrieve all <uri> from OntologyURL parameter.
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http://perfectsemanticweb.appspot.com/perfectoOnto/getOntoDomain/?domain=City
http://perfectsemanticweb.appspot.com/perfectoOnto/getOntoDomain/?domain=City
http://lov4iot.appspot.com/perfectoOnto/getOntoDomain/?domain=Health
http://lov4iot.appspot.com/perfectoOnto/getOntoDomain/?domain=Health

¥<binding name="projectOntology">
v<urix
http://sensormeasurement.appspot.com/ont/m3/DemaCare
<furi>
</binding>
r<bindine pame=rontoloovURL"Y
v<urix
http://sensormeasurement.appspot.com/cent/home/demcare/lab.owl
</uriy
</binding>
¥<binding name="projectlLabel">
<literal xml:lang="en">DemaCare Ontology - Lab</literal>
</binding>
¥<binding name="projectComment">
v<literal xml:lang="en">
Knowledge-driven activity recognition and segmentation using context connections [DemaCare 2006-2014, ISWC 2014]
</literal>
</binding>
¥<binding name="domainLabel™>
<literal xml:lang="en">Healthcare</literal>
</binding>
¥ <binding name="domainComment">
v<literal xml:lang="en">
Healthcare as an Internet of Things (IoT) applicative domain. Useful to classify projects and ontologies within the LOVAIoT Project.
</literal>
</binding>
</result>

Figure 7. Result returned by the web service /getOntoDomain/?domain= Health

II. Adding avnew domainwto LOVAIoT
Methodology

We developed the following methodology when we need to add a new domain to LOV4loT.
Algo:

e Does the M3 ontology already referenced the domain
o IFYES -> perfect, retrieve the URL
o IF not add a new concept (Subclassof ssn:FeatureOfinterest)
= Appropriate for some domains like water management, home
= Less appropriate for generic domain like WoT, loT -> how to improve?
e STEP: Enrich the LOV4IoT RDF dataset with the new ontology-based project
e STEP: Check the LOV4loT web service support this new domain
o add it manually
o |IMPROVEMENT TO DO: make the web service more generic by automatically
replacing the SPARQL query with the featureofinterest parameter?
e STEP: LOV4loT HTML web page
o add a new picture to represent the domain
o call the web service to automatically retrieve ontologies and compute the number
o create the table with the links to papers, ontologies, best practices, and other
relevant information not explained within the RDF dataset.

Code Example:

<owl:Class rdf:ID="WebofThings">
<rdfs:label xml:lang="en">WoT (Web of Things)</rdfs:label>
<rdfs:comment xml:lang="en">WoT (Web of Things). Useful to classify
projects and ontologies within the LOVAIoT Project.</rdfs:comment>
<rdfs:subClassOf rdf:resource="#FeatureOfInterest"/>
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<dcterms:issued
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#date">2017-08-22</dcterms:issued>
</owl:Class>

M3 FeatureOfinterest concept has been linked to similar concepts from other ontologies:

<owl:Class rdf:ID="FeatureOfInterest">
<rdfs:label xml:lang="en">Feature of Interest</rdfs:label>
<rdfs:comment xml:lang="en">A Feature of Interest is for us a
concept to classify IoT domains such as smart home, healthcare,
etc.</rdfs:comment>
<rdfs:domain rdf:resource="#Sensor"/>
<rdfs:range rdf:resource="&xsd;string"/>
<owl:equivalentClass rdf:resource="&ssn;FeatureOfInterest"/>
<owl:equivalentClass rdf:resource="&semsor weather;Observation"/>
<owl:equivalentClass rdf:resource="&m3-lite;DomainOfInterest"/>
<owl:equivalentClass rdf:resource="&sosa;FeatureOfInterest"/>

</owl:Class>

STEP: Enrich the LOV4loT RDF dataset with the new ontology-based project:

<m3:M2MApplication rdf:about="Spitfire">
<m3:hasContext rdf:resource="&m3;WebofThings"/>
<rdfs:label xml:lang="en">SPITFIRE ontology and LD4Sensor
dataset</rdfs:1label>
<rdfs:comment xml:lang="en">SPITFIRE project: Towards a Semantic Web
of Things [Pfisterer et al. 2011]</rdfs:comment>
<lov4iot:hasOntologyStatus rdf:resource="&lov4iot;AlreadyLOV"/>
<m3:hasUrlDataset rdf:resource="http://datahub.io/dataset/1ld4s-1linked-
sensor-data"/>
<m3:hasUrlOntology
rdf:resource="http://sensormeasurement.appspot.com/ont/sensor/spitfire.owl"/>
<dcterms:modified
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#date">2017-08-22</dcterms:modified>
</m3:M2MApplication>

III. Refinement betweenw IoT, WoT, Smawt
City and, onix 1

Sometimes a same project could be referenced within several sections. For instance, domains such

as loT, WoT, Smart City and Sensor ontologies are really close and complementary.

According to the term mainly employed by the authors within their paper, we classify accordingdly
the ontology.

We encourage you to browse the different domains (see Figure 8).
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and Martin Serrano

e LOVA4IoT: A second life for ontology-based domain knowledge to build Semantic Web of Things
applications. 4rd International Conference on Future Internet of Things and Cloud (FiCloud
2016), 22-24 August 2016, Vienna, Austria. Amelie Gyrard, Christian Bonnet, Karima Boudaoud
and Martin Serrano

e Semantic Web Methodologies, Best Practices and Ontology Engineering Applied to Internet of
Things IEEE World Forum on Internet of Things (WF-1oT), Milan, Italy, December 14-16, 2015
Amelie Gyrard, Martin Serrano, Ghislain Atemezing

e Domain knowledge Interoperability to build the Semantic Web of Things W3C Web of Things, 25-
26 June 2014, Berlin, Germany Amelie Gyrard, Christian Bonnet and Karima Boudaoud

e Semantic Web Guidelines for domain knowledge interoperability to build the Semantic Web of
Things OneM2M International standard, Management, Abstraction and Semantics (MAS)
Working Group 5, April 2014 Amelie Gyrard, Christian Bonnet

V. Introduction. Fromv LOV to- LOV4IoT

Linked Open Vocabularies (LOV) [10] is an ontology catalogue designed by semantic web experts.
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New ontologies should follow some best practices to be referenced. In Internet of Things, we
classified almost 300 ontologies that cannot be referenced on LOV because of the “bad practices”.

For those reasons, we designed Linked Open Vocabularies for Internet of Things (LOV4loT).

€ - C [ lov.okfn.org/dataset/lov/

Hu,
. - VOCABS TERMS AGENTS SPARQL/DUMP
—

Linked Open Vocabularies

540 Vocabularies in LOV Latest insertion

provoc - Product \ocabulary
2016-02-18

jup - Ontology of Building Accessibility
2016-02-18

edac - ELSEWeb EDAC Ontology
2016-02-01

Iswpm - ELSEWeb Lifemapper
Parameters Ontology
2016-02-01

Islife - ELSEVeb Lifsmapper Ontology
2016-02-01

Latest Updates

provoc - Product \ocabulary
2016-02-19

odrl - The Open Digital Rights Language
{ODRL) Ontology
2016-02-18

S

o
(]
e

jup - Ontology of Building Accessibility
2016-02-18

(]
22 5

fowl - Food Ontology in OWL
2016-02-18

L ]
0g 0 o

dbpedia-owl - The DBpedia Ontology
Jnia.n7. 1A

Figure 9. Linked Open Vocabularies (LOV)

9. SWvaocalmWy to- LOV

Step 1: Go to the LOV web page: http://lov.okfn.org/dataset/lov/
e Step 2: Click on Suggest
e Step 3: Enter the URL of the ontology
e Step 4: Does your ontology contain ontology metadata as recommended by LOV? [11]
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http://lov.okfn.org/dataset/lov/

&« - C |D Iov.okfn.ora/dataset/lov/ I

Hu,
u - VOCABS TERMS AGENTS SPARQL/DUMP
‘s

Linked Open Vocabularies

547 Vocabularies in LOV

Figure 10. Suggest a vocabulary on LOV

IS lov.okfn.org/dataset/lov/suggest I

L [
1 VOCABS TERMS AGENTS SPARGL/DUMP

=m URL of the suggested ontology

SUGGEST hitp:/fwnww.irit fr/rec herc hes/MELOD lfontologies/1oT-0)

Figure 11. Suggest your ontology on LOV
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[ lov.okfn.org/dataset/lov/suggest?q=https¥%3A%2F%2Fmimove-apps.paris.inria.fri2Fontology% 2 Ffiesta-iot.owl as

Hs
n - VOCABS TERMS AGENTS SPARGL/IDUMP
L |

Metadata Statistics
Please check the meiadata belcw and confirm the suggesiion using your emaid for furfher communicabion T _ L
Srpate |
Submit | Enter your email address Er—
itgeiiour orgfiotfasts-iots Enter you email address that will —F

Hitprifpurlorgl contact you in case of issues
i regaring the ontology submitted

FIESTA-IoT, FIESTA-loT Ontology @en

FIESTA-I0T Ontology i & merge of various onfokogies such as loT-Re, M3-Re Taxonomy, SSN and DUL. Please report
any ermors to support@fiesta-iot. eu @en, The FIESTA-I0T Ontology is an unified ontology: FIESTA-loT Ontology isa
marge

of varicus oniciogies such as (oT-Re, M3-ie Taxonomy, S5 and DUL. $en

Figure 12. Suggest your ontology on LOV without errors
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[ lov.okfn.org/Recommendations_Vocabulary Design.pdf

Metadata Recommendations For Linked
Open Data Vocabularies

Authors Pierre-Yves Vandenbussche
Bernard Vatant

Version 11

Date 2012-08-19

Modifications VOAF namespace updated

Abstract

This document describes metadata recommendations for vocabulary description on the Web (in
RDFS or OWL). We document the properties and classes used to describe metadata about the
vocabulary itself and about vocabulary elements.

Introduction

As the Web of data is growing, emerging initiatives try to organize it [Heath and Bizer, 2011]. A
particular project, the Linked Open Data® (LOD), helps to improve the quality of data shared by
promaoting their links and reuse [Bizer et al., 2009]. The data published on the Semantic Web is based
on the use of shared vocabularies and ontologies that allow to structure and describe data. These
vocabularies act as tools for building formalized reusable data. To facilitate the reuse, we propose
some recommendations about metadata for such vocabularies.

Scope

We must first clarify the meaning of "Vocabulary” in the context of this document. We do not
stick to the definition of vocabulary in linguistics meaning but approach it in terms of its use in the
Semantic Web. In this context, a vocabulary is basically synenymous’ of ontology. However, we
differentiate vocabulary from an entology by characteristics enabling reuse and integration by other
vocabularies:

Figure 13. LOV recommendations
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10. Errory encountered whew suggesting av
vocabwlawy ow LOV

Hu,
- VOCABS TERMS AGENTS SPARQL/DUMP

SUGGEST

https:/igithub.c on-Jnlologylblobfmasle-le

An error occurred:

WARN {W104} Unqualified typed nodes are notallowed. Type freated as a relative URL. WARN {W 136} Relative URIs are not permitted in RDF: specifically
<html= WARN {\W136} Relative URIs are not permitied in RDF: specifically <lang= WARN {W102} Unqualified property atfributes are not allowed. Property
treated as a relative URL. WARN {W136} Relative URIs are not permitted in RDF: specifically <class= WARN {W102} Unqualified property atiributes are not
allowed. Property treated as a relative URI. WARN {W104} Unqualified property elements are notallowed. Treated as a relative URL WARN {wW1
URIs are not permitted in RDF: specifically <head= WARN {W136} Relative URIs are not permitted in RDF: specifically <prefix= WARN {W102} Unqualified
property aftributes are not allowed. Property treated as a relative URI. ERROR {E201} The atfributes on this property element, are not permitted with any content;
expecting end element tag. org.apache jena riot RiotException: {E201} The atiributes on this property element, are not permitted with any content; expecting end
elementtag. at org.apache jena riot system ErrorHandlerFactory$ErrorHandlerStd error(ErrorHandlerFactory java:124) at
org apache jena riotlang ngRDFXML$ErorHandlerBridge error{LangRDFXML java241) at
com.hp.hpl jena rdf arp.impl ARPSaxErrorHandler emor{ARPSaxErmorHandlerjava:38) at
com hp.hpl jena rdfarp.impl XMLHandler waming(XMLHandlerjava:206) at com hp_hpl jena rdfarp.impl XMLHandlerwaming(XMLHandler java:183) at
com.hp.hpl jena rdf amp.impl XMLHandler waming(XMLHandlerjava:178) at com.hp.hpl jena rdf.arp.impl ParserSupport warning(ParserSupportjava:199) at
com.hp.hpl jena rdf arp.states Frame waming(Frame java:66) at com.hp.hpl jena.rdf.arp states WantEmpty.characters(WantEmptyjava:34) at
com_hp hpl jena rdf.arp.impl XMLHandler characters(XMLHandlerjava:147) at org.apache xerces parsers AbsiractSAXParser.characters(Unknown Source) at
org apache xerces.impl XMLNamespaceBinder characters(Unknown Source) at org.apache xerces.impl.did XMLDTDValidatorcharacters(Unknown Source) at
org apache xerces.impl XMLDocumentFragmentScannerimpl scanContent(Unknown Source) at
org apache xerces impl XMLDocumentFragmentScannerimpl$FragmentCon ispaicher dispaich{Unknown Source) at
org apache xerces.impl XMLDocumentFragmentScannerimpl scanDocument{Unknown Source) at
org apache xerces parsers.DTDConfiguration parse({Unknown Source) at org apache xerces parsers. DTDConfiguration parse(Unknown Source) at
org apache xerces parsers XMLParser parse(Unknown Source) at org_apache xerces parsers AbstractSAXParser parse{Unknown Source) at
com.hp.hpl jena rdf amp.impl RDFXMLParser parse(RDFXMLParserjava:151) at com.hp.hpl jena rdf am ARPload(ARPjava:119) at
org apache jena riotlang LangRDFXML parse({LangRDFXML java:142) at
org.apache jenariot RDFParserRegistry$ReaderRIO TFactoryimpl$1.read(RDFParserRegistry java:142) at
org apache jenariot RDFDataMgr process(RDFDataMgrjava:760) at org apache jena riot RDFDataMgrparse(RDFDataMgr java:652) at
org apache jena riot RDFDataMgr.read(RDFDataMgrjava:211) at org .apache jena riot RDFDataMgrread{RDFDataMgr java:104) at
org apache jenariot RDFDataMgr read(RDFDataMgrjava:95) at org .apache jena riot RDFDataMgrloadModel(RDFDataMgr java:331) at
vBofvocabAnalyser.analyse(L ovBofVocabAnalyserjava:58) at org lov.LovBofvocabAnalyser.analyseVocabURI(LovBofvocabAnalyser
X uggest exec(Suggestjava71) at arg.cmdline.CmdMain mainMethod(CmdMain java:101) at arg.cmdline CmdMain mainRun{CmdMai
arg cmdline.CmdMain mainRun({CmdMain java:50) at org lov.cli.Suggest main(Suggestjava:27)

Figure 14. Errors encountering when suggesting ontologies on LOV

In case you cannot fixed the error, you can asked to the reactive LOV community on Google +!

L https://plus.google.com/u/1/communities/108509791366293651606
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& https://plus.google.com/u/1/communities/108509791366293651606

Linked QOpen
Vocabularies

Quelles sont les nouvelles 2 A propos de cette communauté

Write your problem

Partager cette communauté

“J - Visit N
* m =% Visit LOV at OKFN

Texte  Fhotos déo  Evénement Sondage

@ Ghislain ATEMEZING 10DERATEUR
. I s M:?‘_ gyrard Amelie e e
. %’ Seprmeees e e Just in case you missed it, consider submitting at the next

vocabulary carnival http:/f2016 semantics.cc/vocarnival during the

Hi LOV community, SEMANTICS2016 conference
Is PURL still maintained? -

‘We would like to reference a new vocab, but we could not "log in”. the
Log in says:

. - Lire la suite Vocabulary Carnival | Semantics 2016

1 -, ﬂi The

Q growing community of vocabulary publishers and users, a

3 commentaires v
Tous les posts

Marcia Zeng hier & 13:47 +1 g A z
Discussion Yes, the situation is like what Maxim said. Try to use
nterface Google+ https://w3id.org/ instead.

Figure 15. LOV community on Google +

gyrard Amelie

Hi LOV community, Ue5t|0n aSked

Is PURL still maintained?
We would like to reference a new vocab, but we could not "log in”. the
Log in says:

1 - &R

Reactive Answers:

Masquer les commentaires A

g== gyrard Amelie hier 2
| Answer to
+https://plus.google.com/u/0/115137127931365079177/pos
ts as well

1 Maxim Kolchin
Hi +gyrard Amelie, as | know {I may be wrong), the PURL is
frozen (closed), it will maintain existing links, but won't accept
new. I'd suggest to consider http://w3id.org.

ﬁ ! Marcia Zeng hier a 13:4
Yes, the situation is like what Maxim said. Try to use
https://w3id.org/ instead.

Figure 16. The reactive LOV community guides us to fix issues regarding ontologies
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11. Suggesting a vocabulary to- LOV4IoT

We are thinking about a web page to submit a new ontology.

The current solution is to send us a message and we will update the LOVIoT dataset.

amelie.gyrard@insight-centre.org

Thanks for your help for referencing more ontologies © We have almost 300 ontology-based

projects referenced in LOV4loT.

[] sensormeasurement.appspot.com/?p=ontologies

Linked Open Vocabularies for Internet of Things (LOV4loT)

Reusing domain knowledge expertise

Before to reinvent the wheel, maybe you can reuse the following existing ontologies with minor modifications.
We have referenced in this web page bntology-based projects relevant for IoT. These domain ontologies, although very interesting, are

not referenced on the Linked Open Vocabularies (LOV) since the Semantic Web best practices are not followed.

Smart energy pun
=00

Nb onto: 46|Nb onto: Nb onto: Nb onto: 30|Nb onto: 32

s Ry

Nb onto: 99|Nb onto: ~ [Nbonto:  [Nbonto:  [Nbonto:  [Nbonto:  [Nbonto:  [Nb onto:

Nb onto: Nb onto:

OTHER
== THIM¢
&

Figure 17. Almost 300 ontology-based projects referenced in LOV4loT
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VI. Rewsing domair knowledge witiv
LOV4IoT

= Go to the Linked Open Vocabularies for Internet of Things (LOV4loT) web page (see Figure
18): http://www.sensormeasurement.appspot.com/?p=ontologies

=>» Choose 1 domain by clicking on the image (e.g., transportation) as depicted in Figure 18.

Linked Open Vocabularies for Internet of Things (LOV4loT)|

N ﬁ
\
3 .

Reusing domain knowledge expertise

: ﬁ $ ,»“
R ) Transportation

e 9

Figure 18. Ontologies classified in various domains

=> You will find a table with the following information as depicted in Figure 20:
Domain experts names (authors)

(0]

O O O O O

(0]

Year of publication

Research articles

Ontology URL of available
Technologies used in their project
Sensors used in their project

Rules designed

-Ontologies and projects have been classified according to different colors (see Figure 19):

e Red: the ontology is not available
e White: we do not have any links to get the ontology
e Orange: we contacted authors to get their ontologies. They answered us they will share

ontologies and rules soon.

o Yellow: we retrieve the ontology URL or get a copy
e Green: Ontologies published online, cannot be referenced on the Linked Open Vocabularies
(LOV)? project due to a lack of best practices.
e Dark green: The ontology is referenced on the Linked Open Vocabularies project. It checks
best practices.

The ontology will never|

be available (lost,
confidential, etc.) :-(

We are waiting the
response of the
authors to publish the
ontology online

Authors are
publishing online the
ontology (ongoing
work)

Ontology published online
but the Semantic Web
best practices are not
complied with.

Ontology published online and
referenced by LOV since
Semantic Web best practices
are adopted! :-)))

2 http://lov.okfn.org/dataset/lov/
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Figure 19. Classification of projects according to the reusability


http://www.sensormeasurement.appspot.com/?p=ontologies

Intelligent Transport Systems

Authors Year Paper Url onto Technologies |Sensors Rules LOV status  |Security
[ 77 rules/acti
No server SWRL LastBeforeGap, rl::ls afc |on|s Priority 1
swrl disafe rule [Priority 1,
(response), but (DLSafeRule),|FirstafterGap, ( ih tol ty .
in the ontology) [responsive
Bermejo, Astrain sent us the OWL |Jess NotOvertaker, h i 9y) p_ | '
change line, ongoeing, lov
Escola Paper: Ontology |ontology copy reasoner, Overtaker), distance dece:;erate megcadagta uri
Mail: 14/02/14, 2014 based road traffic |URL Application 7 |extension of |sensor -> Space accelerate' deferenca'ble
Response: management Concepts: 24 AIME (Lateral, Ahead, maintain ' 6/03/14. ask
18/02/14 classes, 12 ontology, Behind, NoSpace), distance with  for [abel ;md
properties, 77 OWL API |Acceleration sensor car in front comment
rules. Vehicle 3.4.2 (BigSpeedDifference, malntain s'eed
SpeedWith, P
Paper: An onol URL
ntolo
ontology-based Ontology URL
R Concegti;' emotion
determine the . pis:
. driver, Weather
I [ Conditions (fo Pellet, SWRL
of an automated 99Y. ' " _ foggy -> mode
) cloudy, snowy, (DLSafeRule), Position, velocity, content
Morignot, Pollard et el sunny, rain Protege, acceleration/brakin T S negociation
gnot. 2013 co-driving ) .y, y).,_ ge. ) g for parking .g !
al. lighting conditions [SWOOPS and steering uri def error,
Paper: An day, night, setting |(ontolo actuators place, stopped. vapour rdf/xml
ontology-based (day. night, 9 ) 9y hasNextMation |+
sun), road editor)
approach to relax hiahwa
traffic regulation (hig .y,
campaing, urban,
for autonomous i
0 mountain),
vehicle
i obstacles
assistance

Figure 20. Screenshot of LOV4loT
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VII. LOV4IoT welb services/APLy

12. LOV4IoTWS Jawvar class

This Java class contains all web services related to LOV4loT.

4 :JE% > m3 [m3 master]

: HE > eurecom.commen.util

- i} » eurecom.constrained.devices

> EB = eurecom,data.converter

» 4 eurecom.generic.mZmapplication
- i = eurecom.m3 junit

> ..I:'B eurecom.rule.extractor

+ iF = eurecom.search.knowledge

: 4 > eurecom.spargl.result

- i = eurecom.storejdo

- H} » eurecom.test.evaluation

i sonW s, |ava

- M = M3WS java

- M} = NaturopathyWs.java
> EE, Restaurant\Ws.java

- M) STACWS java

- A1) SWOTWS java

> E,? TagdloTW5,java

- [4} = TourismWS java

- [4} = TransportWs.java

Figure 21. LOV4loTWS Java Class location

All web services related to the Linked Open Vocabularies for Internet of Things (LOV4IoT) dataset? to
automatically count the number of ontologies in this dataset (e.g., by domains, by ontology status,
etc.):

e |ov4iot/totalOnto/ which executes a SPARQL query to count the total number of ontology-
based project referenced in the LOV4loT RDF dataset.
E.g., http://sensormeasurement.appspot.com/lov4iot/totalOnto/

e /lovaiot/ontoStatus/{status} which executes a SPARQL query to count the different status of
ontologies
o Status can be: Online, Confidential, OngoingProcessOnline, WaitForAnswer, Online,
OnlineLOV, AlreadyLOV
E.g., http://sensormeasurement.appspot.com/lov4iot/ontoStatus/?status=Online

3 http://www.sensormeasurement.appspot.com/?p=ontologies
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http://sensormeasurement.appspot.com/lov4iot/totalOnto/
http://sensormeasurement.appspot.com/lov4iot/ontoStatus/?status=Online

e /lovaiot/nbOntoDomain/{domain} which executes a SPARQL query to count the different
ontologies in all domains
o Domain can be: BuildingAutomation, Weather, Emotion, Agriculture, Health,
Tourism, Transportation, City, EnergyFOI, Environment, TrackingFood, Activity, Fire,
TrackingCD, TrackingDVD, SensorNetworks, 10T, Security
E.g.,
http://sensormeasurement.appspot.com/lovdiot/nbOntoDomain/?domain=BuildingA

utomation

e /lovdiot/sendEmail/{recipient,paper} which sends email to encourage people to share their
domain knowledge (ontologies, datasets, and rules)

@GET
@Path("/totalonto/")
@Produces (MediaType.APPLICATION XML)
public Response getTotalNumberOntology() {
//load the LOV4IoT dataset into the model
Model model = ModelFactory.createDefaultModel();
ReadFile.enrichienatode lOntologyDataset(model, Var.LOV4IOT _DATASET_PATH);
M2MAppGeneric m2mappli = new M2MAppGeneric(model);

//SPARQL query
//no variable to replace in the SPARQL query
Arraylist<VariableSpargl: var = new Arraylist<VariableSparql>();

String resultSparqlsenml = sparqlQuery.getSelectResultAsXML(var);

return Response.status(288).entity(resultSparqlsenml).build();

Executespargl sparqlQuery = new ExecuteSpargl(model, Var.ROOT_SPARQL_LOV4IoT + "countTotalOntology.spargl™);

Figure 22. Example of the lov4iot/totalOnto: web service

Yan can download the LOV4loT RDF dataset* and write your own SPARQL queries.

Otherwise, we designed some web services:

13. Welbr service: Get the total nmumber of
ontologies

Query:

http://www.sensormeasurement.appspot.com/lov4iot/totalOnto/

4 hitp://www.sensormeasurement.appspot.com/dataset/lov4iot-dataset
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http://sensormeasurement.appspot.com/lov4iot/nbOntoDomain/?domain=BuildingAutomation
http://sensormeasurement.appspot.com/lov4iot/nbOntoDomain/?domain=BuildingAutomation
http://www.sensormeasurement.appspot.com/lov4iot/totalOnto/

“ www sensormeasurement.appspot.com/lovdiot/total Ontoy

This XML file does not appear to have any style information associated with it. The document

— <sparql>
— <head>
<variable name="ontologyTotal"/=
</head=
— <results>
— <result=
— <binding name="ontology Total">
<literal datatype="http://vwww. w3 org/2001/ XML Schemasinteger” literal=
</binding>
=/result=
</results>
</spargl>

Figure 23. LOV4loT Web service to count the total number of ontologies

In the picture, 270 is the total number of ontologies referenced in the LOV4loT RDF dataset.

14. Welr service: Get the number of ontologies by
Query:
http://www.sensormeasurement.appspot.com/lov4iot/nbOntoDomain/?domain=BuildingAutomatio

n

For instance domain is: BuildingAutomation, Weather, Emotion, Agriculture, Health, Tourism,
Transportation, City, Energy, Environment, TrackingFood, Activity, Fire, TrackingCD, TrackingDVD,
SensorNetworks, Security.

The domain is referenced in the M3 nomenclature which is implemented in the M3 ontology
(subclassOf FeatureOfinterest).
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http://www.sensormeasurement.appspot.com/lov4iot/nbOntoDomain/?domain=BuildingAutomation
http://www.sensormeasurement.appspot.com/lov4iot/nbOntoDomain/?domain=BuildingAutomation

€ www . sensormeasurement.appspot.com/lovdiot/nbOnteDemain/Tdomain=BuildingAutomation

This XML file does not appear to have any style information associated with it. The documen

—<sparql>
— <head=
<variable name="nbCOntocDomain"/=

</head=
— <results=
— <resuli=

— <binding name="nb0OntoDomain">
<literal datatype="http://www. w3 org/2001/ XMLSchema#intege teral>

</binding>
</result=
</results>
</spargl>=

Figure 24. LOV4loT Web service to count the number of ontologies by domain

15. Welbrsexrvice: Get the munmber of ontology by
ontology status

Query:

http://www.sensormeasurement.appspot.com/lov4iot/ontoStatus/?status=Online

For instance, status is: Confidential, OngoingProcessOnline, WaitForAnswer, Online, OnelinLOV,

AlreadyLOV.
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http://www.sensormeasurement.appspot.com/lov4iot/ontoStatus/?status=Online

# wanv . sensermeasuremnent.appspot.com,/lovdiot/ontoStatus/ Tstatus= Online

This XML file does not appear to have any style information associated with 1t. The documens

—<spargl>
—<head>
<wvariable name="ontologyvTotal" />
</ head>
— <results>
—<result>

— <binding name="ontologyTotal">
<literal datatype="http-//www w3 org/2001/XMLSchema#inte geliteral‘?
</binding>
</result=
</results>
</sparql>

Figure 25. LOV4loT Web service to count the number of ontologies by ontology status

The web service returns that 87 ontologies referenced in the LOV4loT RDF dataset are online.

16. Use Cases LO4IOT HTML wser interface wsing
welr services

All of these web services have been used in the HTML LOV4loT web page® to automatically count

the number of ontologies in the dataset (e.g., by domains, by ontology status, etc.)

5> http://www.sensormeasurement.appspot.com/?p=ontologies
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Linked Open Vocabularies for Internet of Things (LOV4loT)
Reusing domain knowledge expertise

Before to reinvel Qeel. maybe you can reuse the following existing ontologies with minor modifications.

We have referenced in this web i ontology-based projects relevant for loT. These domain ontologies, although very interesting, are
not referenced on the Linked Open Vocabularies (LOV) since the Semantic Web best practices are not followed.

[TA 099
- =l 8 :
/lovaiot/nbOntoDomain/ Ny onto[45]Nb onto: 8 |Nb onto: 10|Nb onto: 30Nb onto: 28 Nb onto: 17|Nb onto: 14/Nb onto: 3 |Nb onto: 17
’ 3>
y P 8. OTHER
- "a THIMGS

Nb onto: 6 |Nb onto: 8 |Nb onto: 7 |Nb onto: 27
Ontologies have been colored as following:

LO4IoT web service:
/lovaiot/totalOnto/

&y
{0
H

LO4loT web service:

.

<4

Nb onto: 52|

LO4IoT web service:
/lovadiot/ontoStatus/

Nb onto: 7

Figure 26. LOV4loT web services
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VIII. HTML welbpage

In the future, we will automatically build the HTML web page according to
Lo the LOV4loT RDF dataset. This work is ongoing. Currently, we have to update
the HTML web page and the RDF dataset when we want to reference a new

onology-based project.

17. Adding o new ontology inw LOV4IoT HTML welr
page

Go to m3/WAR/html/lov4iot.hml

Look for the table related to the domain, add a new line with all columns required.

http://sensormeasurement.appspot.com/?p=ontologies

» =i JRE System Library [JavasE-1.7]
> mi JUnit 4
s m), Jena
> B javaMail
> = JSON_Android
> B Jersey
» =i, ALL_JAR_NEEDED
» =i App Engine SDK [App Engine - 1.9.0]
> (& doc
> [y M3
> [ postgresqgl
4 [y = war
> [ css
> [ » dataset
- [~ > documnentation
> [ delete
> [ security
5} 404.html
[E} > about_us.html
[5} architecture.html
[E} » bestPractice.html
[} » documentation.html
[5} example.html
|5 favoriteBooks.html
[E} > generator.html
[E} help_us.html
[} homehtml
[} » index.html
EE, IoTToolhtml

[5} » lowdiot.html

Figure 27. LOV4loT HTML file location
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http://sensormeasurement.appspot.com/?p=ontologies

IX. LOV4IoT ontology

il
> B JRE System Library [JavaSE-1.7]
> By JUnit 4
- =, Jena
- B javaMail
> B, JSOM_Android
> By Jersey
> = ALL_JAR_MEEDED
» B App Engine SDK [App Engine - 1
s [ dec
> Loy M3
s [ postgresgl
4 [y = war
[y css
[ = dataset
s [ = documentation
s [ = html
> [ = images
s [ = Javascript
- [ M3leTApplicationTemplate
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Figure 28. LOV4loT ontology file location

18. Visuadizing LOV4IoT withv WEBVOWL

http://vowl.visualdataweb.org/webvowl/#iri=http://sensormeasurement.appspot.com/o
nt/m3/lov4iot#
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Figure 29. Visualizing LOV4loT ontology with WEBVOWL

X. LOV4IoT RDF datoset

You can download the LOV4loT RDF dataset® and write your own SPARQL queries.

T > M3 [m3 master,

srC
> B, JRE System Library [JavaSE-1.7]
= JUnitd

. =), lena

> =, javaMail

> B JSON_Android

> B\ Jersey

> B ALL_JAR_NEEDED

> =i App Engine SDK [App Engine - 1.9.0]
> &g doc

- 2 M3

» [ postgresql

4 [y > war

4 [ > dataset

> Ly evaluationLog
> [5f > real_dataset
» [ > sensor_data
> [ XML_parsing
|5} emotion-dataset
|5 environment-dataset
|5 health-dataset
|5 home-dataset
|52 home-datasetV2

iot-application-ternplate-dataset
oviiot-dataset

Figure 30. LOV4loT RDF file location

8 hitp://www.sensormeasurement.appspot.com/dataset/lov4iot-dataset
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In the LOV4IoT RDF dataset’, add a new ontology-based project.

19. Adding av new instance iwthe LOV4IoT RDF

datoset

Figure below shows an instance of the LOV4loT dataset. An instance is based on the LOV4loT and M2

ontologies.

<m3:hasMZMDevice
<m3:hasM2MDevice
<m3:hasM2MDevice
<m3:hasMZMDevice
<m3:hasM2MDevice
<m3:hasMZMDevice
<m3:hasM2MDevice
<m3:hasM2MDevice
<m3:hasMZMDevice
<m3:hasM2MDevice

<foaf:Person

</m3:M2MApplication>

<dcterms:creator>

<m3:MZMApplication rdf:about="FaulStaroch">
<m3:hasContext rdf:resource="&m3;Weather"/>
<m3:hasContext rdf:resource="&m3;BuildingRAutomation"/>
<rdfs:label xzml:lang="en">[Paul Staroch 2013]. See LOV4IoT for more details.</rdfs:label>
<rdfs:comment xzml:lang="en">Master's Thesis: A weather ontology for predictive control

rdf:resource="&m3; Thermometer" /> in smart homes. 2013</rdfs:comment>
rdf:resource="&m3;PrecipitationSensor" />
rdf:resource="&m3;HumiditySensor"/>
rdf:resource="&m3;AtmosphericPressureSensor" />
rdf:resource="&m3;SolarRadiationSensor"/>
rdf:resource="&m3;WindDirectionSensor" />
rdf:resource="&m3;WindSpeedSensor" />
rdf:resource="&m3;SunPositionDirectionSensor" />
rdf:resource="&m3;SunPositionElevationSensor" />
rdf:resource="&m3;CloudCoverSensor" />

<m3:hasUrlOntology rdf:resource="http://paul.staroch.name/thesis/SmartHomeWeather.owl" />
<m3:hasUrlRule rdf:resource="http://paul.staroch.name/thesis/SmartHomeWeather.owl"/>
<lowv4iot:hasOntologyStatus rdf:resource="&lov4diot;OnlinelLOV"/>

rdf:about="mailto:paul@staroch.name">

<foafiname>»Paul Staroch</foafiname>
</foaf:Person>
</dcterms:creator>

Figure 31. An ontology-based loT project referenced in the LOV4loT RDF dataset

XI. LOV4IoT Bot

20. LOV Bot wer interface

To encourage people to share their ontologies you can use the LOV4loT bot?.

7 http:/lwww.sensormeasurement.appspot.com/dataset/lov4iot-dataset

8 http://sensormeasurement.appspot.com/?p=lovéiot
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LOV4loT-bot

LOV4loT-bot encourages domain experts to share their domain knowledge (ontologies, datasets and rules) by sending emails:
To (domain expert):
gyrard@eurecom.fr

Paper:

Research articles read

Send Email

Figure 32. LOV4loT bot user interface

21. LOV Bot explanations
LOV4loT-bot

LOV4loT-bot encourages domain experts to share their domain knowledge
To (domain expert): (ontologies, datasets and rules) by sending emails:

gyrard@eurecom.fr => To replace by the author’s email

Paper:

=> To replace by the title of the researcharticle
Research articles read describing ontologies, datasets or rules relevant for loT

Send Email Use our web service to automatically send email
\ to encourage domain experts

(*/sendemail/™) to share their domain knowledge

umes (MediaType.APPLICATION_FORM_URLENCODED)

g uces(MediaType.TEXT_PLAIN)

public static Response sendEmail(@QueryParam(value = "recipient") String recipient, @QueryParam(value = "paper") String paper) {
try {

System.out.println("Paper: "+ paper);
System.out.println("Recipient: "+ recipient);
Properties props = new Properties();
Session session = Session.getDefaultInstance(props, null);
String message = "";
Message msg = new MimeMessage(session);
msg.setFrom(new InternetAddress("ameliegyrard@gmail.com”, "gyrard@eurecom.fr"));
msg.addRecipient(Message.RecipientType.T0,
new InternetAddress(recipient, ""));

msg.addRecipient(Message.RecipientType.CC,

new InternetAddress("gyrard@eurecom”, "Amelie Gyrard"));
msg.setSubject("ontology and rule”);
msg.setText(message);
Transport.send(msg);

Figure 33. Code to send emails to convince authors to share their ontologies with LOV4loT
bot
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XII. LOV4IoT Architectuwre

TO DO: Take inspiration from LOV paper?

XIII. Repository purlwithvGhis

Some ontologies very relevant for loT are kept in silos by the owners and do not follow some best

practices in their design. LOV4IOT platform references almost 300 ontologies that fall into that
category. To overcome the issue, we propose to use a collaborative approach using Github for
modeling the ontologies and publish them using PURL system under the URI
http://purl.org/iot/vocab/{name_ ontology}. For instance, name ontology is m3-lite with the
following namespace http://purl.org/iot/vocab/m3-lite#. PURL enables keeping always the same
namespace whatever where the ontology is hosted. The work has already started at
https://github.com/ LOV4loT/vocabs. The goal is to republish all the legacy ontologies under the
PURL.org namespace using redirection to the Github location.

XIV. LOV4IoT Use Cases

In this section, we demonstrate that the LOV4loT dataset has been used in two uses cases: the
Machine-to-Machine Measurement (M3) framework to build interoperable Semantic Web of Things
applications and the LOV4loT analyzer to detect the most popular terms used in ontologies.

Moreover, we explain that different stakeholders can benefit from or exploit the LOV4loT dataset
such as domain experts, ontology matching tool experts, knowledge extraction experts, Semantic
Web of Things developers and projects as depicted in Figure :

XV. LOV4IoT sequence diagram

TO DO

22. Machine-to-Machine Measuwrement (M3)
framework

Machine-to-Machine Measurement (M3) framework employs the LOV4loT dataset to redesign

interoperable domain ontologies, rules and datasets to assist IoT developers in designing semantic-
based loT applications without having to learn semantic web technologies thanks to the Machine-to-
Machine Measurement (M3) framework \cite{gyrard2015m3}.

LOV4loT analyser exploits the LOV4loT dataset to load all ontologies in the same domain and extract
the most popular concepts and properties. An essential step to later automatically build
interoperable background knowledge.

This functionality will be exploited within the EU FIESTA-loT project\footnote{http://www.fiesta-
iot.eu/}.
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23. Domuin experty

Domain experts can use this dataset for their state of the art and to reuse existing ontologies or

before designing their own ontologies, etc. For instance, a security expert used the LOV4loT user
interface to analyze existing ontologies in the security domain.

24. Knowledge extractiow experty

Knowledge extraction experts can benefit from the LOV4loT dataset since the domain knowledge

expertise is referenced and classified. There is a need of innovative tools to extract rules, etc. and
redesign ontologies, datasets and rules in an unified way and having the same structure to facilitate
interoperability in future architectures and systems.

25. Ontology matching tool experty

Ontology matching tool experts can reuse this dataset to later standardized the most popular and

well-designed ontologies. They benefit from LOV4loT by analyzing interoperability issues explained
in [5] [4], exiting tools need to be improved to ease interoperability. Ontology editor tools such as
Protege could preconize the re-use of existing ontologies based on the LOV and LOV4loT dataset.
When the user designd a new concept or property, some recommendations could be provided to
reuse existing ontologies. This task is under development within ProtegeLOV®. Such extensions could
be improved to recommend to integrate labels, comments, ontology metadata, etc. as preconized by
LOV.

26. LoT/SWoT developersy and projecty

loT/SWoT developers and projects can surf on the LOV4loT web page to search domain ontologies

according to a specific domain. For instance, the developer is looking for smart home ontologies, he
goes on this section and finds more than 45 projects describing sensors and rules employed to build
smart homes applications. Some scenarios such as air pollution or real-time traffic monitoring
among the 101 scenarios proposed by CityPulse can reuse the ontologies referenced in LOV4IoT by
searching these keywords or the related sections.

A table is available on the web'® to match the scenarios proposed by CityPulse and how the LOV4IoT
tool can assist in building the applications by reusing domain knowledge. A concrete example if the
chronic disease scenario proposed by CityPulse, they want to build an application to monitor food
consumption according to user's diseases deduced from physiological data. We have referenced the
naturopathy ontology and dataset which can be reused to build this application.

9 http://boris.villazon.terrazas.name/projects/prolov/index.html

10 http://www.sensormeasurement.appspot.com/?p=m3_scenario
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27. Ontology matching tool experty

Usually, ontology matching tools are evaluated with the Ontology Alignment Evaluation Initiative

(OAEN! benchmark. Current ontology matching tools are not adapted to ontologies referenced in
the LOV4loT dataset. A main challenge would be to have ontology matching tools adapted to both
datasets (OAEI and LOV4IloT) meeting these main requirements: (1) heterogeneous languages, (2)
syntactic heterogeneity, (3) conceptual heterogeneity, (4) terminological heterogeneity, and (5)
semiotic heterogeneity. For instance, concepts or properties do not have labels or comments
whereas ontology matching tool algorithms are based on labels to compare them. The ontologies
from the OAEO benchmark differ in their structure compared to the domain ontologies from the
ones found in LOV4IOT. Regarding ontologies relevant for |oT, concepts are linked with each other
through owl:Restriction, and properties associated to concepts are not frequently used. For instance,
snow is linked to temperature and precipitation through owl:Restriction. In the OAEI benchmark,
concepts have properties which are mostly used by ontology matching tools. For instance, a person
or a patient have both properties such as family name and birth date.

As explained above, the LOV4IloT dataset is relevant for various communities.

XVI. Lessons Leawrnt. Best Practices

We have learnt a set of best practices. More explanations can be found in [6] [4].

Reminder List of tools:

e Vapour [1]

e See this web page!? for more tools
e ProtegelLOV*?[3]

e LOV ontology metadata [11]

28. Ontology Docuwmentatiow

Tools:

o  WebVOWL [7]
o Easytouse
o LODE [8]
o Nice documentation
e Parrot [9]
o Easytouse
o Connot integrate picture

11 http://oaei.ontologymatching.org/

12 http://localhost:50101/?p=bestPractice

13 http://data.semanticweb.org/conference/eswc/2015/paper/demo/2

38



e OWL DOC protege plugin
e Neologism [2]

XVII. Improvement ideos

We have in mind the following improvements:

e Improving the user interface

e Automatically updating the LOV4loT database

e Creation of an automatic workflow to check the best practices

e Interconnecting LOV4loT with LOV

e Encouraging best practices with some tools (e.g., ProtegeLOV extension)

e Integrating LOV4loT with semantic search engines, ontology and dataset catalogues.

Feel free to join the LOV4IoT community to help us! You are more than welcome ©

29. Improving the wser interfoce

e TO DO: Take inspiration from LOV user interface®® and adapt it to loT domain:
e Technology used: D3.js javaScript library for visualizations.

14 http://protegewiki.stanford.edu/wiki/OWLDoc

15 http://lov.okfn.org/dataset/lov/
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Classification by sensor type
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Figure 34. Bubble view to classify ontologies according to the sensor type
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Classification by loT applicative domain

Figure 35. Bubble view to classify ontologies according to the loT applicative domain

30. Checking best practicey

LOV provides an interface for each ontology to use some tools such as:

e WebVOWL to visualize the ontology

e Oops to detect common ontology pitfalls

e Parrot to see the documentation of the ontology

e Vapour to check that the ONTOLOGY URL is deferencable (content negociation)
o RDF Triple-Checker to check some typos or syntax issues.

e Something similar with LOV4loT
e Integration with more tools referenced in [6].
e Creating the entire workflow of validation.
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He,
| - VOCABS TERMS AGENTS SPARQL/DUMP

Semantic Sensor Network Ontology

Tools to check best
practices, visualizations,
etc.

URI hitp:/hwww. w3.org/2005/Incubator/ssnissnx/ssn

Mamespace hitp:/ipurl.ocle.org/NET fssnx'ssn#

This cntology describes sensors and chservations, and related concepts. It does not describe domain concepts, time,

Description locations, etc. these are intended to be included from other ontologies via OWL imports. @en

Language

W3C Semantic Sensor Network Incubator Group
Creator

(2014-07-29) Bernard \Vatant: Annual review - no change
Comment (2013-08-04) Bernard “/atant: Imports an cbsolete version of DUL hitp:/ifwww loa-cnr it'ontologies/DUL. owki
{2015-04-03) Bernard ‘/atant: Added creator

Figure 36. Best practices tools integrated with LOV

31. Automatically updating LOV4I1oT

Updating the LOV4loT dataset is simple, it is adding a new row in the HTML web page or a new
instance in the RDF LOV4IloT dataset. If required, we could find additional background knowledge by
connecting LOV4loT to semantic search engines and ontology or dataset catalogue as depicted in
Figure 37.

At the beginning of this work, we started to use ontology catalogues such as Linked Open Vocabulary
(LOV) since it provides web services. Unfortunately, when we were experimenting this, we realized
that most of the ontologies designed for loT were not referenced on such tools yet.

As a long-term vision, LOV4IoT should be interconnecting with existing ontology/dataset catalogues
and semantic search engines.
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Figure 37. Integrating LOV4loT with semantic search engines and catalogues

32. New web service

TO DO: Create web services (Suggested by Ali June 2016):

e Get all ontologies URL and research papers in loT
e Get all ontologies URL and research papers in Sensor Networks
e Get all ontologies URL and research papers in loT and in Sensor Networks
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