
Geosemantics : a case study 
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University Grenoble  Alpes 

• A major university and scientific center in Europe 

– 6 higher education establishments, 59 000 students, 7 200 
foreign students 
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Laboratoire d'Informatique de 
Grenoble 

• Brings together almost 500 researchers, 
 professors and associate professors,  
doctoral students, and research support 
personnel. 

 

• five research areas explored by the 23 teams LIG: 
– Software and Information System Engineering,  

– Formal Methods, Models, and Languages,  

– Interactive and Cognitive Systems,  

– Distributed Systems, Parallel Computing, and Networks, 

– Data and Knowledge Processing at Large Scale. 
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STeamer Group 

• Research Axis: Data and Knowledge Processing (at Large Scale) 
– leads research on Spatial and Temporal Information Systems 

– objective: models, methods and tools for collecting, modelling, 
querying, reasoning and visualizing spatial and temporal information 

• Team composition 

– currently 22 persons:  

• 8 faculty members 

• 5 engineers 

• 8 PhD students 

• 1 post-doctoral student 
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STeamer Group 

• Research Themes 

– STeamer's scientific motivation: 

• representing and reasoning with spatial and temporal 
information 

– Our research is organized along 3 complementary axes: 

• Spatial and Temporal Semantic Web 

• Mobility and Context-Awareness 

• Spatial and Temporal Analysis and Visualization 

– Two major application domains provide us with concrete 
problems tackled in the three axes. 

• Territorial Planning 

• Natural Hazards Prevention 
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Scientific Presentation 
Axis: Spatial and Temporal Semantic Web 

• Scientific Context 

– The move from the Web of Documents to the Web of Data 
 resources to be shared must be represented in a way 
comprehensible by humans and software agents 

– The Semantic Web = the scientific effort to attach semantics 
to resources available on the Web 

  categorizing, indexing and linking resources and formally 
expressing knowledge so that software agents be able to 
extract, combine and deduce information from published 
datasets 

– Ontologies (formal and explicit specifications of a shared 
application domain conceptualization) as a building block of 
the Semantic Web. 
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Summary 

• Application overview and objectives 

• Sample application : MAP-EON  

– Architecture 

– Data and application ontology 

– Domain Ontology 

– Linking to LOD cloud 

– Semantic queries 
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MAP-EON 

• Freshwater 
biodiversity 

• Freshwater chemistry 

• Invasive species 

 

Marianne V. Douglas CCI- UofA – Queen’s U 
Examine the environmental drivers of distribution of lotic (running water) diatoms over a 
latitudinal gradient of the lower Western Arctic (Alaska, Yukon and the Northwest 
Territories), with a particular interest in the nuisance species Didymosphenia geminata 
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Common characteristics 

• Heterogeneous Spatial and temporal data 
– Multi-sites with multi-actors 

– Multi-models  

– Multi-formats 

 

Search into 
existing data 

Collect new data  
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What are the natural resources 
(water)  I can allocate for a mining 
or a gas and oil project ? 

What  is the ecosystem evolution (water, 
soil) against global warming ? 

Web 

Summary 



Objectives 
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• data integration through knowledge representation 

… 

Semantic 
Mediator 

Adaptator1 

Heterogeneous Data Sources 

Adaptator2 Adaptator3 

Spreadsheet 
files 

Relational 
data bases 

Graph 
data bases 

Adaptatorn 
… 

… 

Web 
services 

… 
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Architecture 
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RDF Graph 

MapEON server 
LOD Cloud 

Query Processor (SPARQL) 

Adaptator1 Adaptatorn 

… 

… 

Data Loader 

Ontology manager 

Ontology Loader 

OWL reasoner 
OWL  DL 

ontologies 

MapEON 
Client 

Triplestore 



Raw Data  
• tabular data (excel file) 
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Measure 

Measure 
Descriptor 

location 

site type 

Site Measures Set 

Region 



Data model : Application Ontology 

• few classes and relations to model concepts involved in the 
application 
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• this model has been  
expressed in OWL  application ontology 

 



Owl class defining the 
rdf:type of the individual 

RDF graph 
• the data is transformed in a RDF graph using the vocabulary defined by the 

application ontology. 
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subject predicate object 
object property 

individual 
(resource 

identified by an URI) 

RDF Resource Description Framework (W3C standard)  

individual 

literal value 
data property 

rdf:type 

rdf:type 

rdf:type 

rdf:type 

rdf:type 

RDFS and OWL add semantic to RDF 
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Domain ontology  
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Hydrologic Ontology for Discovery (http://his.cuahsi.org/ontologyfiles.html) 
The purpose of this ontology is to support the discovery of time-series data 
collected at a fixed point, including physical, chemical, and biological 
measurements. 

• the graph can be enriched by exploiting some domain ontology 

http://his.cuahsi.org/ontologyfiles.html


Application ontology + Domain ontology  
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• the graph can be enriched by exploiting some domain ontology 

rdf:type 

rdf:type 

rdf:type 

rdf:type 

domain ontology 
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Individual 
:region 

Object Property 

Owl class defining the rdf:type of the individual Data Property 

legend 

Linking to LOD cloud 

• few classes and relations to model concepts involved in the application 

• link with domain ontology 

• links to Linked Open Datasets 
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domain ontology 

application 
 ontology 

corresponding 
geonames resource 

corresponding 
DBpedia resource 



Linking to LOD cloud 

• links to geonames rdf descriptions 
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http://sws.geonames.org/5892587/ 
 

resource URI 

RDF description 

geonames resource 
describing Northwest Territories 

http://sws.geonames.org/5892587/


Summary 

• Application overview and objectives 

• Sample application : MAP-EON  

– Architecture 

– Data and application ontology 

– Domain Ontology 

– Linking to LOD cloud 

– Semantic queries 
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Semantic queries 
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• access to information inferred from the domain ontology 

• access to extra information through linked data  



Semantic query 
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• querying data with inferred knowledge (SPARQL) 



Semantic queries 

 Application ontology  

+ Domain ontology 

+ Observations ontology with meta-data information  
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An observation is an action 
whose result is an estimate of 
the value of some property of 
the feature-of-interest using 
a specified procedure 
 

other specifications: 
• ISO 19109 : Feature 
• ISO 19107 : Geometry  
• ISO 19108 : Temporal  
• ISO 19115 : Metadata  
• ISO 19103 :Basic datatypes  
…. 



Semantic geospatial query (GeoSPARQL) 

• find all the pairs of sites in Northwest Territories that 
are that are at a distance of less than 15 km 
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SELECT  DISTINCT ?s1 ?s2  

WHERE {   

 ?s1 rdf:type ccionto:Site; 

     rdf:type ccionto:Region ?r; 

            geo:hasGeometry ?g1. 

 ?s2 rdf:type ccionto:Site; 

     rdf:type ccionto:Region ?r; 

            geo:hasGeometry ?g1. 

       ?r rdfs:seeAlso ?geoNameregion; 

       ?geoNameRegion gn:parentADM1 <http://sws.geonames.org/6091069> 

 ?g1 geo:asWKT ?s1Geom. 

 ?g2 geo:asWKT ?s2Geom. 

        FILTER(geof:distance(?s1Geom,?s2Geom,uom:metre) < 15000) 

} 



Semantic query interface 

• Query formulation is a key aspect of these 
projects 

– Define key patterns from queries 

– Graphical tool for semantic query construction 
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– Spatial operators (GeoSPARQL) 

– Temporal operators 

 



Summary 

• Application overview and objectives 

• Sample application : MAP-EON  

– Architecture 

– Data and application ontology 

– Domain Ontology 

– Linking to LOD cloud 

– Semantic queries 

• Back to COIN 
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Semantics queries 
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Summary 

• Application overview and objectives 

• Related work 

• Sample application : MAP-EON  

– Architecture 

– Data and application ontology 

– Domain Ontology 

– Linking to LOD cloud 

– Semantic queries 

• Future work 
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Future work 

• Better modularization and reuse of ontologies:  
 

31 

ISO 19156 : Observations and Measurement 

  Application specific ontology  
+ Domain ontology 
 

   Application ontology  
+ Domain ontology 
+ Observations ontology with meta-data information  
+ Spatial and Temporal ontology 

An observation is an action 
whose result is an estimate of 
the value of some property of 
the feature-of-interest using 
a specified procedure 
 

other specifications: 
• ISO 19109 : Feature 
• ISO 19107 : Geometry  
• ISO 19108 : Temporal  
• ISO 19115 : Metadata  
• ISO 19103 :Basic datatypes  
…. 



Future work 

• Query formulation is a key aspect of these 
projects 

– Define key patterns from queries 

– Graphical tool for semantic query construction 
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– Spatial operators (GeoSPARQL) 

– Temporal operators 

 



COIN 
Client 
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COIN 

Application 

GIS 
Database 

COIN 
Client 

COIN : Coordinated Online Information Network 
natural resource (water)  licensing and allocation procedures for O&G 

COIN 
Client 

YWB  O&G 
proponent  

YK 
citizen  

Publication 

WFS 

WMS 
… 

Meta Data 

CGDI 

WFS 

WMS 
… 

Yukon Water Board  

WPS 

YWB SDI 

analysis 
tools 
upstream, 
downstream, 
drainage area  
calculation 

YK Gvt SDI ?? 



Architecture 
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RDF Graph 

COIN server 
LOD Cloud 

Query Processor (SPARQL) 

Adaptator1 Adaptatorn 

… 

… 

Data Loader 

Ontology manager 

Ontology Loader 

OWL reasoner 
OWL  DL 

ontologies 

MapEON 
Client 

Triplestore 


