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State of the art 

 Semantic Sensor Web [Sheth 2008], Semantic Sensor 

Networks: 

  W3C SSN ontology, Sense2Web, SemsorGrid4Env, etc. 

 Semantic Web of Things: Spitfire [Pfisterer 2011] 

 Machine-to-Machine (M2M) enables machines to 

communicate with each other without human 

intervention. 

 

 Limitations: 

 Do not reuse domain knowledge (ontologies, datasets and rules) 

defined by domain experts 

 Do not introduce the Linked Open Rules 

 Do not combine disparate domains. 
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Contributions 

 The M3 (Machine to Machine Measurement) approach 

 Enrich M2M data with semantic web technologies 

 The M3 ontology: A hub for cross-domain knowledge 

– Naturopathy: smart home (kitchen), weather, health, affective 

science 

– Smart tourism: weather, transportation, activities  

– STAC (security): sensor, cellular, web, mobile phone 

 LOR (Linked Open Rules): share and reuse domain rules 

 M3 integrated in a semantic-based Machine-to-Machine 

(M2M) architecture 

 Prototype: http://sensormeasurement.appspot.com/ 
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The M3 ontology (Machine to Machine 

Measurement) 

 Extension of the W3C Semantic Sensor Networks (SSN) 

ontology (Observation Value concept) 

 M3 focuses on the interoperability of the sensor data 

 Classify all the concepts in the M3 ontology 

 Domain (health, smart building, weather, room, city, etc.) 

 Measurement type (t = temp = temperature) 

 Sensor type (rainfall sensor = precipitation sensor) 

 

 SenML protocol [draft-jennings-senml-10] 
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How to deduce new domain knowledge? 

 

 Rules example: 

  If Domain == Health && MeasurementType == Temperature 

 then NewType = BodyTemperature 

 If BodyTemperature > 38°C then “Fever”  

 BodyTemperature  and Fever are already described in domain 

ontologies or datasets! 

 Reuse the domain ontologies already designed and 

defined by experts 

 “fever” has a meaning in health ontologies 

 “hot” has a meaning in weather ontologies 
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How to reuse domain knowledge? 
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 More 170 domain ontologies have already been 

implemented by domain experts in numerous 

domains 



Reference more than 170 domain ontologies 

 Domain experts are not aware of semantic web best 

practices! Domain ontologies are: 

 Not published online  

 Not linked with each other (intra-domain, cross-domain) 

 Not referenced by 

 Language: English, Chinese, German, etc. 

 Encourage domain experts to publish and share online 

the domain ontology according to the Semantic Web 

Guidelines 

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

 Various domains referenced: 

 Smart home, eHealth, Transportation Systems 

 Weather, Tourism, Affective Science, Food, Agriculture, Security 
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Intra-Domain Interoperability 
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 Link ontologies (owl:EquivalentClass, owl:SameAs) 



Cross-Domain Interoperability 
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M3: a hub for cross-domain knowledge 

 The M3 approach  

 Enrich M2M data 

 Reason about semantic M2M data 

 A hub for cross-domain knowledge 
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Rule Interoperability (Linked Open Rules) 

 Combine Weather & Smart Home 

 If external temperature < 15°C then cold (weather) 

 If cold -> switch on heating (smart home) 

 Combine Weather & Transport 

 If temperature <=0°C && precipitation > 0mm then snowy (weather) 

 If snowy -> switch on the snow chain (transport) 

 Semantic Web experts design the SPARQL Inference 

Notation (SPIN) W3C Recommendation 

 Domain experts use Semantic Web Rule Language 

(SWRL) 

 Implemented differently according to the software used 

– More than 7 various implementations 

 http://sensormeasurement.appspot.com/index.html?p=rule 
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Rule Interoperability (Linked Open Rules) 
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Scenario 1: Body Temperature 

Enrich M2M Data http://sensormeasurement.appspot.com/ 

Linked Open Data 

Paper: Honey as Complementary Medicine - A Review [Singh et al. 2012] 
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Scenario 2: Weather Temperature & Luminosity 

Paper: Mapping emotion to color [Nijdam 2009] 

“Seasonal affective disorder” 
- p 17  



Contributions 

 

 

 The M3 approach to enrich, combine and reason on IoT 

data 
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Semantic-based M2M Architecture 

 Paper: A Machine-to-Machine Architecture to Merge Semantic Sensor 

Measurements [Gyrard et al., WWW 2013] 
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Conclusion & Future works 

 

 

 The M3 approach  

 M3 ontology to enrich M2M data 

 Reason about semantic M2M data 

 Combine cross-domain M2M data 

 M3 enables to build cross-domain M2M applications 

 A similar approach is used in the security domain 

 STAC application to suggest the best security mechanism to secure 

M2M applications 
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Thank you! 
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 gyrard@eurecom.fr 

 http://sensormeasurement.appspot.com/ 
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