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Abstract The services of the IoT environment should constantly collect situation information, and perform
appropriate actions according to the situation. Therefore, there is a need for a method that can express
collected situation information. In this paper, we propose a situation information model based on ontology
for IoT environment. Since the proposed model is ontology based, it supports semantic interoperability. We
also build an upper-level ontology to model common situation information of various IoT domains. It is
easy to understand and use because it expresses situation information consistently by expressing person,
environment, and thing constituting IoT environment as class and defining properties indicating the
situation. In addition, since the situation information need to reflect dynamic situation, it has a feature to
model the creation time and the life time of the situation information so as to judge the validity of the
information. The proposed ontology model is described using OWL, and the service can be described based
on the constructed ontology.
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<owl:AnnotationProperty rdf.about="http://www.semanticweb.org/seoil/
ontologies/2017/7/lotOnt#productionTime">
<rdfs:domain
rdf:resource="http://www.semanticweb.org/seoil/ontologies/2017/7/1
otOnt#InformationObject"/>
<rdfs:domain
rdf:resource="http://www.semanticweb.org/seoil/ontologies/2017/7/1
otOnt#PhysicalObject"/>
</owl:AnnotationProperty >

& 4. 'productionTime' annotation &4
Fig. 4. 'productionTime' annotation property

<owl:AnnotationProperty rdf.about="http://www.semanticweb.org/secil/
ontologies/2017/7/IotOnt#lifeTime">
<rdfs:domain
rdf:resource="http://www.semanticweb.org/seoil/ontologies/2017/
7/lotOnt#nformationObject"/>
<rdfs:domain
rdf:resource="http://www.semanticweb.org/seoil /ontologies/2017/
7/lotOnt#PhysicalObject"/>
</owl:AnnotationProperty >

a8 5. 'lifeTime' annotation &4
Fig. 5. 'lifeTime' annotation property
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SPARQL que

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

PREFIX owl: <http://www.w3.orgr2002/07/owlE>

PREFIX rdfs: <http://www w3 org/2000/01 /rdf-schemas

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#s>

PREFIX iot: <http://www.semanticweb:crg/seoil/ontelogies/2017/7/10tOnt:>

SELECT 2subject ?object
WHERE {{?subject rdf-type iotPerson; iotlocatedin 2object) union
{2subject rdftype iotFurnishing; iotlocatedin 2object} union
{Zsubject rdftype iotSensor; iothasWalue ?object} union
{2subject rdftype iotTime; iottime Zobject.) unian
{7subject rditype iot Device; ot power 7object} union
{7subject rdftype iotSmartPhane; fotalarm Zobject])

subject abject
Kim o bedroom -
bed bedroom
curtain bedroom

bed_pressure_sensor

"45.0"~~ <http:/fwww.w3.0rg/2001/XMLSchema# double>
current 5

#~ chttp/fwww.w2.0rg/2000/01/rdf-schema#Literal
bed_lamp “on"~<http://www.w3.0rg/2000/01/rdf-schema#Literal>
v "off"~ <http://www.w3.0rg/2000/01/rdf-schema#Literal>
hanging_lamp “off" <http://www.w3.0rg/2000/01/rdf-schema#Literal>
kim_smartPhone "off'~ <http://www.w3.0rg/2000/01/rdf-schema#Literal>
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Fig. 6. Situation information ontology retrieval
for getting—up alarm service

@prefix iot: <http;/Amw.semantioweb.org/seoil/ontologies/2017/7/lotOnt#>.

[bed_used: (iot:bed_pressure_sensor iot:belongTo ?a),
(iot:bed_pressure_sensor iot:hasValue ?b),
greaterThan(?b, 20.0)

-> ( ?a iotused "true" A Ardfs:Literal )]

[smart_alarm: (iot:kim iot:locatedIn iot:bedroom),
(iot:bed iotused "true"AArdfs:Literal),
(iot:bed iot:locatedIn iot:bedroom),
(iot:bed_lamp iot:power "on"AArdfs:Literal),
(iot:current iot:time "05:00:00" A Ardfs:Literal)

-> (iottv power "on"AArdfsiLiteral ),

(iotkim_smartPhone iot:alarm "on"AArdfs:Literal),
(iot:curtain iot:status  "up"/AArdfsiLiteral),
(iot:hanging_lamp iot:power "on"AArdfs:Literal )]

8 7. 7| 23 Me|lA B
Fig. 7. Rules of the getting—up alarm service

|, Declaration | & Console 32 | Git Staging % % 2
va Application] C-#Program Filesttlava'jrel.8.0 77#binitjavaw.exe (2017. 9. 29. 23 5:41:47)

(°) Problems @ Javadec [2

<terminateds RuleDerivati

Rule bed_used concluded (m bed iotiused 'true'nahttp://ine.n3.org/2888/81/rdf - scheratLiteral) <
Fact (iot:bed_pressure_sensor iot:belengTe iot:bed)
Eact (iot:bed prescure sensor iot:hasValue '45.8'"Ahttp://wne.\i3.org/2001/ Xl Schenatidouble)
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Fig. 8. Inference based on the rules of the getting—up
alarm service
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SPARQL guery:

PREFIX rdf: <http://www.w3.0rg/1999/82/22-1df-syntax-nse>

PREFIX owl: <http://www.w3.0rg/2002/07/owlé>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

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

PREFIX iot: <http://wwiw.semanticweb.org/seoil/ontologies/2017/7/IotOnte >

SELECT ?subject 7cbjn:(
{{?subject rdftype iotSchedule; iet.from Zobject] union

pe iotSchedule; iotto 7object union

pe iot-Person; iotlocatedin 2object } union

pe iot:Time; iot:dateTime ?object} union

pe iotFumishing; iotstatus object} unicn

{2subject rdf-typs iot:Device; iotpower Zobject.}}

subject object
kim_business_trip  "2017-07-24T09:00:00"~~ <http://www.w3.0rg/2001/¥MLSchema £ dateTime |
kim_business_trip  "2017-07-28T19:00:00"~~ <http://www.w3.0rg/2001/XMLSchema dataTime>|

current "2017-07-25T19:00:00"* ~<http://www.w3.0rg/2001/¥MLSchema £ dateTime >|
curtain “up" A~ <http:/fwww.w3.0rg/2000/01/rdf-schema#Literal>
tv "off"~~<http://www.w3.0rg/2000/01/rdf-schema#Literal>
bed_lamp “off"~~<http://www.w3.0rg/2000/01/rdf-schema#Literal>

hanging_lamp "off" "~ <http://www.w3.0rg/2000/01/rdf-schemazLiteral>
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Fig. 9. Situation information ontology retrieval
for security service

@prefix ot <http;//mww.semantioweb.org/seail/ontologies/2017/7/1otOnt#>.

[evening: (iot:kim_business_trip iot:from ?from),
(iot:kim_business_trip iot:to ?to),
(iot:current iot:dateTime ?x), ge(?x, ?from), le(?x, ?to),
(iot:current iot:time "19:00:00" A Ardfs:Literal)
-> (iot:curtain iot:status iot:"down"AArdfs:Literal ),
(iot:hanging_lamp iot:power "on"AArdfs:Literal) ]

[night:  (iotkim_business_trip iot:from ?from),
(iot:kim_business_trip iot:to ?to),
(iot:current iot:dateTime ?x), ge(?x, ?from), le(?x, ?to),
(iot:current iot:time "23:00:00" A Ardfs:Literal)
-> (iothanging_lamp iot:power "off" A ArdfsiLiteral) ]

[morning: (iotkim_business_trip iot:from ?from),
(iot:kim_business_trip iot:to ?to),
(iot:current iot:dateTime ?x), ge(?x, ?from), le(?x, ?to),
(iot:current iot:time "09:00:00" A Ardfs:Literal)
-> (iotcurtain iotistatus iot:"up"/ ~rdfs:Literal )]

O 10, 4 MH|A B
Fig. 10. Rules of the security service

¢} problems @ Javadoc [ Declaration | @ Console 52 | g Git Staging x %

<terminated> RuleDerivation uava Application] C:¥#Program Filesitlavat]rel.8.0 77#binsjavaw.exe (2017. 9. 29. 9= 5:37:35)
Model location: Iot

Rules laocation:
Fule evening concluded (iot: nangm&nmp d0t:power ‘on'~ohttp:/ /w3 .0rg/2080/@1/rdf -schematLiteral) <~
Fact (iot:kim_business_trip iot:fron '2017-07-24T09: itp s/ /w3 .0rg/2001/XULSchemat dateTine)
Fact (iot:kim business_trip iot:to '2017-67-28T19 Aehttp://wne.w3.0rg/20@1/ XML SchenatdateTine)
Fact (iot:current iot:dateTime '2017-87-25T19:08 http: //wwav w3 . 0rg/2081/XMLSchemagdateTime )
Fact (ioticurrent otitime '19:00:08'*http://wmm.u3.0rg/2008/01/rdf-schematLiteral)
Rule evening concluded (iot:curtain iot:status iot:"down"Asrdfs:Literal) <-
Fact (iot:kim business trip iot:from '2017-07-24T69:08:0'**http:/ /www.w3.org/2001/\0ILSchenat dateTine)

Fact (ietikin business trip fotite '2017-07-08710:00:00 '"*http:/ /iana.ud.org/ 2001 /ML SchenatdateTine)
Fact (iot:current dot:dateTime '2017-87-25T19:00 http: / /i w3, 0rg/2081/ XML Schema#dateTime )
Fact (iot:current iot:time '19:80:80'“*http://vww.w3.0rg/2008/61/rdf-schenstl iteral)

a8 1.
Fig. 11. Inference based on the rules
of the security service
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<owl:NamedIndividual rdf:about="http://www.semanticweb.org/secil/onto
logies/2017/7/1otOnt#kim_business_trip">

<rdfitype rdf:resource="http://www.semanticweb.org/seoil/ontologies
/2017/7/1otOnt#Schedule"/>

<from rdf.datatype="http:/mww.w3.0rg/2001/XMLSchema#dateTime
">2017-07-24T09:00:00</from>

<to rdf.datatype="http://www.w3.0rg/2001/XMLSchema#dateTime">
2017-07-28T19:00:00</to>

<lifeTime rdf.datatype="http://www.w3.0rg/2001/XMLSchema#int">3
600</lifeTime>

<productionTime

rdf:datatype="http://www.w3.0rg/2001/XMLSchema#dateTime">2017
-07-17T09:00:00 </productionTime>

</owl:NamedIndividual >

a8 12, 'kim_business_trip'| H EHH| O E}
Fig. 12. Metadata of 'kim_business_trip'

SPARQL quer

PREFIX rdf. <hitp.//www.w3 0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owlé>
PREFDX refs: <Nitp://wnid w3.0rg/2000/01/rdf-Schemas
PREFIX xsd: <https//uwww.w3.0g/2001/XMLS chema#>
PREFIX iot: <http://wunw semanticweb.org/seoil/ontologies/2017/7/IotOnte>
SELECT 7subject 2object

WHERE { {2subject rdf:type iotTime; otdateTime 2object. } union

{7subject rdtype iotSchedule; iotproductionTime Zobject union

{2subject rdftype iot:Schedule; iotaveragelifeTime 2object }

subject object

kim_business_trip  "2017-07-24T09:00:00"~~ <http://www.w3.0rg/2001/XMLSchemaz dateTime:
kim_business_trip  "2017-07-28T19:00:00"~ *<http://www.w3.0rg/2001/XMLSchemas dateTime:
current "2017-07-25T19:00:00" "~ <http://www.w3.0rg/2001/XMLSchemas dateTime:
Kim_business_trip  "2017-07-25T18:30:00" " <http://www.w3.0rg/2001/XMLSchema# dateTime:
kim_business_trip 3600~ <http://www.w3.0rg/2001/XMLSchemazint>

2! 13. 'kim_business_trip' MIEHH|O|E} Z4A4

Fig. 13. 'kim_business_trip' metadata retrieval
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