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Interoperability 

Draw me interoperability  … 

« The ability of a system or product to transfer meaning of information within and 

between systems or products without special effort on the part of the user » Source : IEEE (Institute of 

Electrical and Electronics Engineers) 

« […] la capacité que possède un produit ou un système à fonctionner avec d'autres 

produits ou systèmes existants ou futurs […] » Source : French government general interoperability framework  

 



Interoperability 

Challenges : numerous users, data heterogeneity, different needs 

2 3 4 1 

Search for data 

Acces data 

Understand data 

Use data 

2 3 1 4 

Structure/semanticize data 

Share data 

Fill in metadata catalogues 

Develop GUIs 

IT 

Domain expert 

A different priority order 



Interoperability 

Towards more open standards 

Standardisation of 
exchange methods 

Standardisation of 
content exchanged 

Semantic interoperability 

– International : ex. OGC 

(GeoSciML, 

EarthResourceML, 

HY_Features, 

GroundWaterML2.0, etc.), 

RDA, W3C 

– (Spatial) data on the web Best 

Practices : W3C 

– Continental: ex. INSPIRE 

– National: ex. Geonovum 

– Community : ex . ChEBI  

Technical interoperability 

– Mainly OGC services/API 

building on IETF, W3C 

work 

– (Spatial) data on the web 

Best Practices : W3C 

– Community / national 

standards : but not always 

compliant to the above 

mentionned 
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Semantic interoperability 

2 worlds we try to make work together 

 

 UML  

 

 Semantic Web approaches 
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Semantic interoperability 

UML 

 

 There are many OGC domain standards building around the ISO 191xx series of standards 

o City, Aviation, Land Infrastructure, Geosciences (Geology, Hydrology, HydroGeology, Mineral Resources, etc..), 

Observations, … 

 

 There are standards 

o Having a legal value : INSPIRE, EU Environmental Directives reportings 

o Validated by communities 

 

 One important way to discover them  

o is through the OGC portal 

o but there are other out there => the entire INSPIRE directive specifications are based on those 

 

 They are implemented country (ex : Australia, France, USA, …) , continent (ex : INSPIRE), world (ex: International 

Union of Geological Science) and also organization wide (ex : World Meteorological Organisation) 

 

 

 Trend to go to open standards describing domains 
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Semantic interoperability 

UML 

 

 Underlying logic 

o Model Driven Approach (MDA)  

Defining a domain model that is independent from the IT implementation 

 

=> We use UML to clarify the semantics of a given domain part/need 

 

o 0°/ Use Cases definitions 

o Data exchange Use Case not GUI Use Case 

 

o 1°/ Defining the domain model  

o With domain expert (called maieutics) 

o IT Notation : UML with class diagrams (at least a Logical Model and sometimes Conceptual then Logical) 

o Using ISO 191xx series of standards and already existing standards as basic Lego bricks 

 

 

 

 



8 

Semantic interoperability 

UML 

 

 Underlying logic 

o Model Driven Approach (MDA) 

Defining a domain model that is independent from the IT implementation 

 

o 2°/ Going physical 

o Previous 20 years rationale : UML -> XSD (applying 19118 and 19136 rules) 

o Current target : JSON family (Geo-JSON, OGC Features and Geometries JSON ) which requires a 

different set of rules 

o Current status : we are in an ‘in-between’ situation between maintaining compatibility with previous 

systems and applying new practices 

 

o 3°/ Exposing data with the interoperable semantics 

o Previous 20 years rationale : XML exposed by WebServices (WSDL, SOAP) 

o Current target : JSON served by REST FUL APIs  

o Current status : we are in an ‘in-between’ situation between maintaining compatibility with previous 

systems and applying new practices 

 

 

 

https://github.com/opengeospatial/ogc-feat-geo-json
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Semantic interoperability 

UML 

 

 Basic bricks are defined by ISO TC 211 => ISO 191xx series of standards (notion of Feature, time primitive, 

geometry primitive, Observations & Measurements, Metadata, Quality information etc…) 

o From https://github.com/ISO-TC211/HMMG/wiki  

o Read-Only access : http://iso.sparxcloud.com/index.php  

o Direct Enterprise Architect project download 

o Can be directly “imported” in a project through Enterprise Architect ‘Reusable Assets’ 

 

 Building on those bricks various domain standards are made 

o Lets quickly meet some of them 

 

 

 

 

https://github.com/ISO-TC211/HMMG/wiki
https://github.com/ISO-TC211/HMMG/wiki
https://github.com/ISO-TC211/HMMG/wiki
https://github.com/ISO-TC211/HMMG/wiki
https://github.com/ISO-TC211/HMMG/wiki
http://iso.sparxcloud.com/index.php
http://iso.sparxcloud.com/index.php
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Semantic interoperability 

NAME : GEOSCIML 

Logical model of geological features commonly  

described and portrayed in geological maps,  

cross sections, geological reports and databases. 

Age : V 4.1 

Key features 

 Covers the domain of geology (earth materials, geological units and stratigraphy, geological time, 

geological structures, geomorphology, geochemistry)  and sampling features common to the 

practice of geoscience, such as boreholes and geological specimens.  

 

Weight 

 Full and ‘Lite’ versions 

 

Children / Family 

 Reused by many geological surveys and countries, continent wide spatial data/research 

infrastructures (INSPIRE, EPOS, AuScope, …) 

 

Wishes 

 Currently moving to the semantic web 
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Semantic interoperability 

NAME : GEOSCIML 

 

Contact 

https://www.opengeospatial.org/standards/geosciml 

Other pictures 

 

 

 

 

https://www.opengeospatial.org/standards/geosciml
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Semantic interoperability 

NAME : GROUNDWATERML2 

A conceptual and logical model for  

groundwater resources management 

Age : V 2.2 

Key features 

 Core groundwater elements such as aquifers, their pores, and fluid bodies, 

 Wells and construction component, springs, and monitoring sites 

 Observations: constituents (bio, chemical, materials constituent), groundwater flow within/between 

containers, 

 AquiferTest / pump test 

 

Weight 

 Full and draft ‘Lite’ versions 

 

Children / Family 

 Reused by many geological surveys 

 

Wishes 

 Currently moving to the semantic web 
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Semantic interoperability 

NAME : GROUNDWATERML2 

Contact 

https://www.opengeospatial.org/standards/gwml2  

 

Other pictures 

 

 

https://www.opengeospatial.org/standards/gwml2
https://www.opengeospatial.org/standards/gwml2
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Semantic interoperability 

NAME : SURFACE HYDROLOGY FEATURES  

(HY_FEATURES)  

 

A conceptual model describing hydrology features and their relationships 

independent of their geometric representation and scale. 

Age : V 1.0 

Key features 

 Hydrology specific feature types, e.g. catchments, drainage networks, rivers, lakes and 

waterbodies, hydrometric features 

 Focus is on surface water features and the networks they form. 

 

Weight 

 Full version 

 

Children / Family 

 USGS, NrCAN, BRGM, AU Hydrological Geo Fabric  

 

Wishes 

 Has moved to the semantic web 
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Semantic interoperability 

NAME : SURFACE HYDROLOGY FEATURES  

(HY_FEATURES) 

Contact 

http://docs.opengeospatial.org/is/14-111r6/14-111r6.html 

http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html#/  

Other pictures 

 

Global Runoff Data Centre (GRDC) 

http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
http://opengeospatial.github.io/HY_Features/HY_Features_primer/HY_Features_Primer.html
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Semantic interoperability 

NAME : EARTHRESOURCEML  

Logical model for the exchange of digital information for  

mineral occurrences, mines and mining activity.  

Age : V 2.0 

 

Key features 

 Geological features of mineral occurrences, their commodities, mineral resources and reserves 

 Mines and mining activities, and the production of concentrates, refined products, and waste 

materials. 

 

Weight 

 Full and ‘Lite’ versions 

 

Children / Family 

 Reused by many geological surveys and countries, continent wide spatial data/research projects 

(INSPIRE, Minerals4EU, EPOS, AuScope, …) 

 

Wishes 

 Currently moving to the waste (urban mine, secondary raw materials) 
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Semantic interoperability 

NAME : EARTHRESOURCEML  

Contact 

http://www.earthresourceml.org/   

Comments 

Is not OGC but IUGS/CGI (where GeoSciML incubated), is connected to GeoSciML and 

driven by the ‘same’ experts. 

Other pictures 

http://www.earthresourceml.org/
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Semantic interoperability 

NAME : OBSERVATIONS, MEASUREMENTS & SAMPLES 

Conceptual and logical model for observations and features  

involved in sampling when making observations for the exchange  

of information within and between different scientific  

and technical communities. 

 

Age : V 2.0 (revision just finishing) 

Key features 

 Description of the observation acts and their results 

 A common set of sampling feature types classified primarily by topological dimension, as well as 

samples for ex-situ observations.  

 Relationships between sampling features (subsampling, derived samples) 

 

Weight 

 Full and ‘Lite’ versions 

 

Children / Family 

 Many international reuse by communities, profiles  
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Semantic interoperability 

NAME : OBSERVATIONS, MEASUREMENTS & SAMPLES 

 

Wishes 

 Just arrived in the semantic web -> W3C: SOSA/SSN 

 

Contact 

https://www.opengeospatial.org/standards/om  

 

Comments 

 Previous domain standards all refer to / build on Observations and Measurements (ISO 

19156:2011) 

 International ISO Standard (ISO 19156:2011 “Observations & Measurements” -> now updated into 

19156:2022 “Observations, Measurements & Samples”) 

 Major uptake in  

 Domains (see next slide) 

 Also standardization bodies (ex : W3C SSN/SOSA) 

 

 

https://www.opengeospatial.org/standards/om
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Semantic interoperability 

NAME : OBSERVATIONS, MEASUREMENTS & SAMPLES 

 

Other pictures  

(note all based on the 2011 version) 

WMO ‘METeorological Community Exchange’ model  

EU INSPIRE guidelines for O&M 

EU Air Quality Directive 
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Semantic interoperability 

UML 

 

 All those ‘OGC’ Geoscience Domain standards are linked 

 

 

 

? 
? 

? ? 

Note: Other could have been mentioned, like OGC WaterML2 Part 1& 

TimeseriesML, Soil Interoperability Experiment (IE), Borehole IE*, etc… 

 

* https://github.com/opengeospatial/BoreholeIE  

EarthResourceML GeoSciML GroundWaterML HY_Features 

Observations &  Measurements 

 

City GML 
LandInfra / InfraGML 

bSI/BIM 

currently reaching out to 

Infrastructure and BIM standards 

https://github.com/opengeospatial/BoreholeIE
https://github.com/opengeospatial/BoreholeIE
https://github.com/opengeospatial/BoreholeIE
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Semantic interoperability 

UML 

 

 Lets meet some of them continued 

o INSPIRE Data Specification : all based on ISO 191xx series of standards, some themes are aligned with OGC 

standards  

 

 

 

 

 

 

 

https://inspire.ec.europa.eu/data-specifications/2892
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Semantic interoperability 

UML 

 

 Lets meet some of them continued 

o INSPIRE Data Specification 

 

 

 

 

 

 

All have their  

data model 

https://inspire.ec.europa.eu/data-specifications/2892
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Semantic interoperability 

UML 

 

 Lets meet some of them continued 

o Need to mention all models defined in national information systems, Research Infrastructures, communities (ex: 

Energistics – not fully 191xx compliant but highly implemented, …) 

 

o That’s a lot of Lego® boxes to play with when starting a new project rather than inventing it’s own wheel ! 
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Semantic interoperability 

Semantic Web approaches 

 

 Re the session you had with Benedicte Bucher 

o Open World Assumption -> ontologies  

o There are activities to have an “equivalent” ontology for some of the previously mentioned standards 

o Observations & Measurements, HY_Features, GeoSciML, GroundWaterML2.0 

 

 The specific case of ‘nomenclatures’, ‘controlled vocabularies’ / ‘codeList’, ‘lexicons’ 
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Semantic interoperability 

Semantic Web approaches 

 

 The specific case of ‘nomenclatures’, ‘controlled vocabularies’ / ‘codeList’, ‘lexicons’ 

 

 
Nomenclature des parties d'ouvrages d'art en 

béton armé et précontraint © 1976 SETRA-LCPC 
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Semantic interoperability 

Semantic Web approaches 

 

 The specific case of ‘nomenclatures’, controlled vocabularies’ / ‘codeList’, ‘lexicons’ 

o Structured using WebSem/Linked Data Best Practice and made available for  

Human   and      Machines 
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Globally unique and persistent identifier 

Descriptive properties 

References to other vocabularies 

References to other vocabularies 
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Globally unique and persistent identifier 

Descriptive properties 

skos:exactMatch => reference to a skos concept 

References to other vocabularies 
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Identifiant unique pérenne 

Descriptive properties 

References to other vocabularies 
owl:sameAs => reference to a resource 

having similarity 
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Technical interoperability 

2 ways to access data 

 

 Through Webservices / API 

 

 Direct access to a resource 

 



32 

Technical interoperability 

Through Webservices / API 

 

 A paradigm shift 
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Technical interoperability 

Through Webservices / API 

 

 A paradigm shift triggered by  

o The fact that (geo) data was under-used by the web community even after big pushes of initiatives likes INSPIRE 

o The generalisation of Resource oriented architecture (RESTful APIS) based on resource identification through 

URIs and using HTTP protocol to interact with them 

o The raise in maturity of frameworks such as OData and Swagger/OpenAPI  

 bottom line: the web community was looking away from the previous approaches 

 

o The collaboration between OGC/W3C initiated around 2014 and producing important milestones 

o Data on the Web Best Practices : https://www.w3.org/TR/dwbp/  

o Spatial Data on the Web Best Practices : https://www.w3.org/TR/sdw-bp/  

 

 This paradigm shift is valid for all the previous generations OGC Web Services (OWS stack) 

o Most of the new APIs are now under ‘OGC API – xxx’ (ex : WFS 3 is now OGC API – Features) 

https://en.wikipedia.org/wiki/Open_Data_Protocol
https://en.wikipedia.org/wiki/Swagger_(software)
https://en.wikipedia.org/wiki/Swagger_(software)
https://en.wikipedia.org/wiki/Swagger_(software)
https://www.w3.org/TR/dwbp/
https://www.w3.org/TR/dwbp/
https://www.w3.org/TR/dwbp/
https://www.w3.org/TR/dwbp/
https://www.w3.org/TR/sdw-bp/
https://www.w3.org/TR/sdw-bp/
https://www.w3.org/TR/sdw-bp/
https://www.w3.org/TR/sdw-bp/
https://www.w3.org/TR/sdw-bp/
https://www.w3.org/TR/sdw-bp/
https://www.ogc.org/standards/ogcapi-features
https://www.ogc.org/standards/ogcapi-features
https://www.ogc.org/standards/ogcapi-features
https://www.ogc.org/standards/ogcapi-features


34 

Technical interoperability 

Through Webservices / API 
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Technical interoperability 

 Through Webservices / API 

 

 

 



36 

Technical interoperability 

Through APIs 

 

 Each API instance described by a documentation that is meaningful for the Web 

 No retrocompatibility is not an issue 

 Targetting « JSON family » (often (Geo)JSON) representation 

 

 Hypermedia (                      ) 

o Hypermedia as the Engine of Application State  

o Within API operation  

o Within data structure returned: Sensor Things API response is a perfect example 

 “A REST client needs little to no prior knowledge about how to interact with an application or server beyond a 

generic understanding of hypermedia.” (Wikipedia) 

 A client could work by following links between resources, that's the way of the modern Web 

 

 

 

https://en.wikipedia.org/wiki/HATEOAS
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Technical interoperability 

Through APIs - exemples 

 

 OGC API – Features 



38 

Technical interoperability 

Through APIs - exemples 

 

 OGC API – Features 

o Contrary to SensorThings API, OGC API – Features does not come with a mandatory Feature model to use. 

It just requires the data model one wants to serve to be about ‘Features’; which does not say much about which 

semantics to use for Features in a specific domain (ex : Borehole, Geologic Unit, River, Station, …). 

o To generate the payload from the previous page using Geoserver we used 

 

o https://docs.geoserver.org/stable/en/user/community/features-templating/index.html : to configure the 

output payload to respect the semantic standards 

 

o https://docs.geoserver.org/stable/en/user/community/smart-data-loader/index.html could help in case the 

source dataset is a relational database and not a flat table 

https://docs.geoserver.org/stable/en/user/community/features-templating/index.html
https://docs.geoserver.org/stable/en/user/community/features-templating/index.html
https://docs.geoserver.org/stable/en/user/community/features-templating/index.html
https://docs.geoserver.org/stable/en/user/community/features-templating/index.html
https://docs.geoserver.org/stable/en/user/community/smart-data-loader/index.html
https://docs.geoserver.org/stable/en/user/community/smart-data-loader/index.html
https://docs.geoserver.org/stable/en/user/community/smart-data-loader/index.html
https://docs.geoserver.org/stable/en/user/community/smart-data-loader/index.html
https://docs.geoserver.org/stable/en/user/community/smart-data-loader/index.html
https://docs.geoserver.org/stable/en/user/community/smart-data-loader/index.html
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Technical interoperability 

Through APIs - exemples 

 

 OGC Sensor Things API 

o Comes with a Feature model to respect (compliant to Observations & Measurements) => see dedicated OMS 

SensorThings API presentation (4_OMS_ST_API).  
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Technical interoperability 

Through APIs – some considerations 

 

 RESTful 

o A RESTful API really make use of HTTP verbs to interact with it 

 

o And NOT ONLY GET => ok reading is nice but a truly RESTful API allows much more 

 

o PUT, PATCH, « DELETE » and other are also useful 

 

 A really good example OGC SensorThings API 
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Technical interoperability 

Through APIs – some considerations 

 

 Deploying a home made/brewd RESTful API using Swagger/OpenAPI or OData is NOT playing the FAIR data / 

interoperablity game 

o Ex : setting up an API to access River in France and the USA 

o In France could be /.../ecoulement/coursEau ("operationId": "getResultats",)  

o In the USA /.../flow/waterbodies ("operationId": "getFeatures") 

o Each operation awaiting its own parameters to execute domain queries  

o River Network Semantics : In France based on the BD Topage semantics, in the USA on NHD+, 

o Generic parameters : BBOX, outputFormat 

o Each API returning a payload with its own ‘local’ semantics (re BD Topage VS NHD+) 

 How can on share information in a Machine2Machine approach with no mapping/re-wiring ? 

 Semantic and technical interoperability are not provided 

 

 Advised solution 

o API : OGC API – Features 

o Semantics : OGC/WMO Hy_Features which by specifications is mapped to both US, France, INSPIRE models. 
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Technical interoperability 

Direct access to a resource and Linked Data 

 

 Resolvers allow to externally reference a resource via its URI (a PID) 

 

 

Etc… 

https://data.geoscience.fr/id/hydrogeounit/121AS01 

HTTP  

content negociation 

 



Technical interoperability 

Direct access to a resource and Linked Data 

 

 HTTP content negociation 

o Used in everyday life  (standard web browser defines the media type and language) 

o But is highly useful for Machine2Machine data exchange 

 

o Currently evolving to ‘Content negociation by profile’. Interesting additions 

o the possibility for a resource and for the same media-type to serve it according to different model (called 

profile) 

o the possibility for a client to ‘test/probe’ the available media-type x profile x etc… availables  

 

 

 

OGC definition server example 

https://www.w3.org/TR/dx-prof-conneg/
https://www.w3.org/TR/dx-prof-conneg/
https://www.w3.org/TR/dx-prof-conneg/
https://www.w3.org/TR/dx-prof-conneg/
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Thank you 

s.grellet@brgm.fr 
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Thanks to 

Hélène Bressan 

h.bressan@brgm.fr  

Abdelfettah Feliachi 

https://www.linkedin.com/in/abdelf
ettah-feliachi/  

Mickaël Beaufils 

M.Beaufils@brgm.fr  

mailto:h.bressan@brgm.fr
https://www.linkedin.com/in/abdelfettah-feliachi/
https://www.linkedin.com/in/abdelfettah-feliachi/
https://www.linkedin.com/in/abdelfettah-feliachi/
https://www.linkedin.com/in/abdelfettah-feliachi/
https://www.linkedin.com/in/abdelfettah-feliachi/
mailto:M.Beaufils@brgm.fr

