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Scope of Work

Source Processing Sink



Research Questions

1. How can heterogeneous messages of environmental 

observations be collaboratively validated with uniform shapes?

2. How can we exploit these annotations to derive and apply rules for 

semantic enrichment to heterogeneous messages of

environmental observations?



Concept Matrix: Semantic for IoT Streams

Article Semantic

Annotation

Semantic Stream 

Processing

Collaborative

Annotations

Semantic

Validation

Semantic

Enrichment

Amiguet-Vercher et al (2010)  

Barnaghi et al (2013)  

Daniele et al (2015) 

Das & Cyganiak (2012)  ()

Dimou et al (2014)  ()

Duy et al (2017)  

Frank & Simko (2018)   

Kolozali et al (2014)  

Markovic & Edwards (2016) 

Markovic et al (2016)  

Bermúdez-Edo et al (2017) 

Wiener et al (2016)  () ()



Approach (Overview)
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Semantic Mapping (ICWE 2018)

= 𝑂1, 𝑂2, 𝑂3, …



Semantic Mapping (ICWE 2018)

Key-value pairs

Key Value

temp 28

no2 34

coordinates[0] 8.700066

coordinates[1] 49.30075

Triples

Subject Predicate Object

ex:stream1#temp unit:DegreeCelsius „28“

ex:stream1#no2 eea:g-m3 „34“

ex:stream1#lat geo:lat „8.700066“

ex:stream1#long geo:long „49.30075“

https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#temp
http://qudt.org/schema/quantity#DegreeCelsius
https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#no2
https://www.eea.europa.eu/themes/air/air-quality/resources/glossary/g-m3
My.weather.lubw#latitude
http://www.w3.org/2003/01/geo/wgs84_pos#lat
My.weather.lubw#longitude
http://www.w3.org/2003/01/geo/wgs84_pos#long


Semantic Validation
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Semantic Validation – invalid 

DMT (definiton of message type)

Subject Predicate Object

ex:shape1 rdf:type sh:property

ex:shape1 sh:path quantity:

Thermodynamic

Temperature

ex:shape1 sh:minCount „1“

ex:shape1 sh:maxCount „1“

O (observation message)

Subject Predicate Object

ex:stream1#temp unit:DegreeCelsius „28“

ex:stream1#no2 eea:g-m3 „34“

ex:stream1#lat geo:lat „8.700066“

ex:stream1#long geo:long „49.30075“

https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/1999/02/22-rdf-syntax-ns#type
http://www.w3.org/ns/shacl#property
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#path
http://qudt.org/schema/quantity#ThermodynamicTemperature
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#minCount
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#maxCount
https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#no2
https://www.eea.europa.eu/themes/air/air-quality/resources/glossary/g-m3
My.weather.lubw#latitude
http://www.w3.org/2003/01/geo/wgs84_pos#lat
My.weather.lubw#longitude
http://www.w3.org/2003/01/geo/wgs84_pos#long


Semantic Validation – valid 

DMT (definiton of message type)

Subject Predicate Object

ex:shape1 rdf:type sh:property

ex:shape1 sh:path quantity:

Thermodynamic

Temperature

ex:shape1 sh:minCount „1“

ex:shape1 sh:maxCount „1“

O (observation message)

Subject Predicate Object

ex:stream1#temp unit:DegreeCelsius „28“

ex:stream1#no2 eea:g-m3 „34“

ex:stream1#lat geo:lat „8.700066“

ex:stream1#long geo:long „49.30075“

Subject Predicate Object

unit:DegreeCelsius qudt:quantityKind quantity:ThermodynamicTemperature

schema knowledge

https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/1999/02/22-rdf-syntax-ns#type
http://www.w3.org/ns/shacl#property
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#path
http://qudt.org/schema/quantity#ThermodynamicTemperature
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#minCount
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#maxCount
https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#temp
http://qudt.org/vocab/unit#DegreeCelsius
https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#no2
https://www.eea.europa.eu/themes/air/air-quality/resources/glossary/g-m3
My.weather.lubw#latitude
http://www.w3.org/2003/01/geo/wgs84_pos#lat
My.weather.lubw#longitude
http://www.w3.org/2003/01/geo/wgs84_pos#long
http://qudt.org/vocab/unit#DegreeCelsius
http://qudt.org/schema/qudt#quantityKind
http://qudt.org/schema/quantity#ThermodynamicTemperature


Semantic Validation – valid 

DMT (definiton of message type)

Subject Predicate Object

ex:shape1 rdf:type sh:property

ex:shape1 sh:path quantity:

Thermodynamic

Temperature

ex:shape1 sh:minCount „1“

ex:shape1 sh:maxCount „1“

O (observation message)

Subject Predicate Object

ex:stream1#temp unit:DegreeFahrenh

eit

„82“

ex:stream1#no2 eea:g-m3 „34“

ex:stream1#lat geo:lat „8.700066“

ex:stream1#long geo:long „49.30075“

Subject Predicate Object

unit:DegreeFahrenheit qudt:quantityKind quantity:ThermodynamicTemperature

schema knowledge

https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/1999/02/22-rdf-syntax-ns#type
http://www.w3.org/ns/shacl#property
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#path
http://qudt.org/schema/quantity#ThermodynamicTemperature
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#minCount
https://amazonas.fzi.de/biggis/index.php/shape1
http://www.w3.org/ns/shacl#maxCount
https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#temp
http://qudt.org/vocab/unit#DegreeFahrenheit
https://amazonas.fzi.de/biggis/index.php/My.weather.lubw#no2
https://www.eea.europa.eu/themes/air/air-quality/resources/glossary/g-m3
My.weather.lubw#latitude
http://www.w3.org/2003/01/geo/wgs84_pos#lat
My.weather.lubw#longitude
http://www.w3.org/2003/01/geo/wgs84_pos#long
http://qudt.org/vocab/unit#DegreeFahrenheit
http://qudt.org/schema/qudt#quantityKind
http://qudt.org/schema/quantity#ThermodynamicTemperature
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Semantic Enrichment

Rule
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Derived



Implementation: Architecture

Sources Middleware Meta Data

 Stations

 Quantities

 Units

 Shapes

producer

Topic 3

Topic 2

Topic 1

JSON

JSON

JSON-LD

producer RDF

Mapping
& Validation
 Property matching

 Property 
annotation

 Shape constraints



Implementation: Forms for Data Shapes





Contribution

1. How can heterogeneous messages of environmental 

observations be collaboratively validated with uniform shapes?

 Metadata management with Semantic MediaWiki

 Semantic mappings on the fly

 Schema inferencing and additional reasoning

2. How can we exploit these annotations to derive and apply rules for 

semantic enrichment to heterogeneous messages of

environmental observations?

 Rule-based creation of explicit data

 Stream enrichment using SPARQL Rules



Conclusion

 LSane for collaborative definitions of

 Semantic shapes of observation messages

 Enrichment rules for observation messages

 Data stream functions for

 Semantic Validation SemVal(O, DMT)

 Semantic Enrichment SemEnr(O, R)

 Further research:

 Applicability and scalability of a large amount of observation streams

 Usability for domain experts in different domains
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THANK YOU

Feedback & Discussion
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BACKUP



Evaluation Results (ICWE 2018)

creation serialization validation

JSON-LD serializedJSON received RDF model created JSON-LD validated

1 2 3 4

processing time in milliseconds



Evaluation Data

LUBW SenseBox

http://lupo-messwerte.appspot.com/

generic?table=bw_luft_stammdaten&limit=999

https://api.opensensemap.org/boxes/59ec966d4

9f6f80011c12395/

http://lupo-messwerte.appspot.com/generic?table=bw_luft_stammdaten&limit=999
https://api.opensensemap.org/boxes/59ec966d49f6f80011c12395/


Implementation: Forms for Meta Data



Evaluation Meta Data







Preliminary Work: Paper ACM SIGSPATIAL 2016

Continuous Refinement Model



Preliminary Work: BigGIS Architecture

Spatio-Temporal Analytics at Scale



Input

Raw JSON Data Meta Data (SMW)



Future Work:

 Suggest meta data of properties by analyzing JSON data

 User study to justify user experience

 Use cases for the produced JSON-LD stream


