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UNDERPIN Dataspace

● Critical energy resources
○ Refineries, wind farms

● Tabular datasets
○ Sensor maintenance data
○ Predictive analytics

● Implemented value-added services
○ Semantic model that goes beyond DCAT
○ MinIO file store, Influx timeseries database
○ PoolParty Vocabulary Hub, GraphDB metadata store
○ Data vault, semantic search, GraphDB & Influx ingest, visualization dashboard

● Metadata facilitates
○ Rich discovery: semantic faceted search
○ Influx ingest: multiple CSVs to same timeseries
○ More flexible predictive analytics



UNDERPIN Standard Software

● Authority Portal: Central point of the 
dataspace, with federated catalog

● Dataspace Connectors: one per 
participant

● Keycloak: Central authorization point 
used by the other software

● Hashicorp Vault: Repository for secrets 
and credentials for all other software

● InfluxDB with Telegraf: Time-series 
database, used for more powerful 
predictive analytics

● File storage S3 MinIO: File store (CSVs) for 
the dataspace. Open-source 
implementation of S3

● File storage S3 API: API for posting files to 
dataspace

● GraphDB: Stores semantic metadata 
(schemas and datasets) and 
vocabularies

● Ontotext Refine: RDFization of tabular 
metadata

● PoolParty: Vocabulary Hub: management 
of Underpin vocabularies and reference 
ontologies

● Elasticsearch: Full-text and semantic 
search, fed using the GraphDB Elastic 
connector

● Chronograf: Dashboard visualization 
(charts), comes with Influx

● Kibana: Dashboard visualization (charts), 
part of the Elastic stack

● ArgoCD: Kubernetes Controller for 
Continuous Delivery and Deployment



UNDERPIN Custom software

● GraphDB Metadata Ingest: Interrogate Federated Catalog and ingest to GraphDB
● Data Vault: Central file storage (MinIO S3 as backend).
● Influx Ingest: Use metadata to Ingest CSV to Influx timeseries
● Structure Definition (Schema) Editor: allow user to create, edit or reuse a table schema using 

CSVW vocabulary.
● Semantic Search: Semantic dataset search, including facets, full-text, keywords. Uses 

Elasticsearch, fed by GraphDB Elastic connector
● Semantic Model: Specifies Underpin semantic metadata, generates RDFization scripts from 

declarative models
● Visualization Dashboard: Visualize input and result datasets from Influx
● Blockchain with Smart Contracts: Cryptographic non-repudiation of accepting a data contract 

and accessing a dataset. Store information about important events concerning data exchange
● Refinery Predictive Analytics: Predict anomalies of refinery compressors based on sensor data
● Windfarm Predictive Analytics: Predict anomalies of wind turbine generators based on sensor 

data



Semantic Interop in Dataspaces

● Dataspace interop remains elusive
○ Vocabulary Hub, if used, is only a container for ontologies and 

vocabularies
○ EDC metadata payload not suitable as RDF (DCAT+ODRL)
○ EDC implementation and conformance test (TCK) don't use semantic 

approaches
○ V.Alexiev. Semantic Problems in Dataspaces. AIOTI Workshop on Semantic 

Interoperability for Digital Twins, 5-6 February 2025, Sophia Antipolis, 
France. paper, presentation

● UNDERPIN Metadata
○ Dataset description: "real" DCAT, PROV relations
○ Column descriptions: CSVW

An allegorical representation of DCAT as Atlas 
who underpins the sharing of datasets 
worldwide; but in a crippled state with 
missing parts, due to its diminished adoption 
by the Eclipse Dataspace Components, 
symbolized as a sword labeled "EDC".

Anyone can be a Picasso by using LLMs

https://www.ercim.eu/events/aioti-workshop-on-semantic-interoperability-for-digital-twins
https://www.ercim.eu/events/aioti-workshop-on-semantic-interoperability-for-digital-twins
https://drive.google.com/open?id=1CDsnl9aac_Lo2ryvjsNIhcSbIMyMn3w3
https://docs.google.com/presentation/d/1UL5_AMlURkzTKE737Bat6J-KLGTR1yhlzqaBzNvaAi4/edit


● Full-text, nested facets, 
auto-completion

UNDERPIN Semantic Search



Table Schema model

● Reused ontologies
○ CSVW, DCT, RDFS QUDT, SKOS

● Column characteristics:
○ Features: parts, components, consumables, 

ambient (air, wind)
○ Tags: specific components
○ Qualifiers (statistical etc): avg, min, max, 

stdDev, relative, absolute, differential, total…
○ Quantity Kind: Temperature, Pressure, 

Displacement...
○ Unit: DEG_C, KiloGM_F-PER- CentiM2, MilliM…
○ Thresholds: low/high, alarm/trip
○ csvw:datatype, un:influxDatatype
○ csvw:suppressOutput: don't ingest in Influx



Raw vs semantically explicated columns



Explicating Columns with LLM

● I don't know what is "D.E. BEARING TEMP AVG"
● But an LLM not only knows: 

○ With simple prompting it can create a proper concept:
○ Characteristics, definition, scope notes in regard to monitoring and significance

● Example:
○ csvw:title "D.E. BEARING TEMP AVG"
○ csvw:name "Drive-End Bearing Temperature Average"
○ rdfs:comment "Temperature of the bearing located on the drive-end (D.E.) of a rotating 

machine, such as a motor, pump, or turbine";
○ skos:scopeNote "Monitoring: The drive-end is where the motor or shaft connects to the load; 

excessive heat in this bearing can indicate misalignment, poor lubrication, or wear.";
○ skos:scopeNote "Significance: High bearing temperature can lead to bearing failure, 

resulting in machine downtime or damage.".
○ sosa:hasFeatureOfInterest <feature/bearing>, <feature/drive-end>
○ un:qualifier <qualifier/average>
○ qudt:hasQuantityKind qk:Temperature
○ qudt:hasUnit unit:DEG_C
○ csvw:datatype "double"
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