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1. Context
What are observation facilities ?

Objectives

Data sources

Metadata standardization
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Context
What are observation facilities ?

Hubble Space Telescope, HST

Sphinx Observatory 
(Switzerland)

Green Bank 
Telescope (USA)

Astronomical observation facilities: entity level.

Observation Facility: Research infrastructure designed, 
constructed, and operated for the purpose of acquiring 
astronomical data that enables the observation of 
celestial objects and phenomena under controlled 
scientific conditions. 

Figure: Ontology layers
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Context
Objectives

○ Create and issue a cross-community vocabulary for 
the IVOA (International Virtual Observatory Alliance)

○ Merge data and their metadata from semantic lists 
issued by different communities into one ontology 
and make it available on OntoPortal-Astro
http://ontoportal-astro.eu/ontologies/OBSF *temporary private link

○ Set a recommended label per observation facility to 
help researchers lookup and use the conventional 
labels (Name Resolver)

http://ontoportal-astro.eu/ontologies/OBSF
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SPASE (Space Physics Archive Search and Extract)

Context
Data sources

NASA’s PDS (Planetary Data Science)

IAU-MPC (International Astronomical 
Union Minor Planet Center)
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NSSDC (National Space Science Data 
Center)

Context
Data sources

Wikidata (query by subclass hierarchy)
+ Wikipedia’s 1st paragraph (description to 
enhance semantic matches)

NASA’s NAIF (Navigation and 
Ancillary Information Facility)
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2. Update and map 
data

(Partially introduced before the 
previous IVOA meeting)

Metadata standardizationMetadata standardization

Developed Pipeline

Filtering Criteria

Surface and Semantic Scores

LLM Validation
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● Properties standardisation (with crosswalks)
○ Conversion to SKOS, RDFS, OWL…

○ Use of IVOA’s RDF vocabularies
ex : wavebands 
https://www.ivoa.net/rdf/messenger/2020-08-26/messenger.html

○ OBSF custom namespace
ex : obsf:waveband [property]

obsf:launch_date [property]
obsf:telescope [class]

Update and map data
Metadata standardization

https://www.ivoa.net/rdf/messenger/2020-08-26/messenger.html
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Update and map data
Metadata standardization

Objectives:

○ Have comparable setups for criteria filtering, that will help filter out « impossible » 
mappings

○ Create one unique ontology with homogeneous metadata for publications

Inconvenients:

○ Need to manually make crosswalks between each resource’s fields, common 
ontological properties, IVOA properties or our custom properties.

Advantages:

○ Towards a more controlled vocabulary

=> could be automatized (Property Matching) if the schemas were more complex
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Update and map data
Developed Pipeline
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Update and map data
Filtering Criteria

Geodesic distance > 10km for ground facilities, location (country, continent) mismatch
Challenge : incorrect latitude & longitude in data → manual fixes

Different aperture (telescope lense’s dimension)
Challenge : different units & rounding → inches conversions to meters, rounding

Different launch date
Challenge : years only in certain sources → rounded to January 1st

Unmatching type
Challenge : entities typed differently (SPASE) or untyped (AAS) → manual fixes, 

hierarchical type comparisons

Unmatching external identifier (COSPAR-ID, NAIF-ID, NSSDCA-ID…)

...
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Considering entities x and y, we can compute relevant semantics scores between x, y :

Scores Effective fields Multilingual support
– TF-IDF cosine similarity(x, y) labels, description, definition No
– Transformer cosine similarity(x, y) ’’’ Yes
– P(x acronym of y) labels only same alphabet
– Levenshtein similarity (x, y) =  1 –  Levenshtein distance(x, y) ’’’ only same alphabet

                            max ( |x|, |y| )

Update and map data
Surface and Semantic Scores

Source : Sindhu Selham (Medium)

Source : Ted Mei (Medium)

Cosine Similarity

https://github.com/rapidfuzz/RapidFuzz
https://medium.com/geekculture/cosine-similarity-and-cosine-distance-48eed889a5c4
https://ted-mei.medium.com/demystify-tf-idf-in-indexing-and-ranking-5c3ae88c3fa0
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Update and map data
LLM Validation
Deepseek (400B Parameters, Open Source & available on Ollama for local run)

{"answer": "distinct",
 "justification": "the two entities are distinct because they refer to different spacecraft with separate 
missions and launch dates. the nasa 2001 mars odyssey orbiter was launched in 2001 and focuses on 
observing neutrinos, particles, and gravitational waves across various wavebands. on the other hand, the 
mars reconnaissance orbiter (mro) was launched in 2005 with a primary mission to search for water on 
mars and support future missions. they are part of different nasa programs and have distinct objectives."}
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Objective: FAIR mappings

Namespaces:

● SSSOM (track mapping decisions, author of mappings, justification strings by human or LLM validator)

● SEMAPV (reference pre-processing algorithms, surface and semantic scores applied)

Update and map data
Track of mapping decisions
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3. Activity report
Data curation & post-processing

Human validation of mappings

Automated updates support

+ SSSOM Ontology for FAIRness

+ Code optimization
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Activity report (2025-07 to 2025-11)
Data curation & post-processing

● Detection and curation of PDS longitude errors, and fix Wikidata, AAS, 
SPASE errors in data (manually)

● Location comparison enabled for entities with no latitude and longitude : 
continent and country name standardization

● Add filtering criteria: lense aperture, external identifier mismatch

● Extraction of Surveys, Instruments types

● Create types Space facility, Ground facility to be compatible with the 
SPASE metadata schema
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Activity report (2025-07 to 2025-11)
Human Validation of Mappings 

● For small updates, human validation is prefered
over LLM validation.
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Activity report (2025-07 to 2025-11)
Automated Updates Support

Objective:
Make one update of the vocabularies every month

Map the newly added or modified entities

Progress:
Support for mapping checkpoints (execution stop)

Compare entities changes and update the last modified dates
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4. Challenges and 
perspectives

Mapping of instruments and surveys

Create an annotated dataset of validated 
mappings

LLM validation

Automatic updates of vocabularies
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○ Instruments are part of platforms.

○ The platforms must be mapped first => then the instruments will be easier to map.

Challenges and Perspectives
Mapping of instruments and surveys

Create an annotated dataset of validated mappings
Objective :

○ Evaluate an automated mapping

○ Few-shot training of validators
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LLM validation is a binary problem: same | distinct

● Time and energy consuming
● Can only consider one potential match at a time

=> intelligent candidates selection with scores and thresholds

● Not 100 % precise
● Output format is imprevisible text

=> MCP implementation to increase precision and control format

● Confusion between relation types (is part of VS exact match)
=> more annotation categories (same | distinct | is part of | has part)

Challenges and Perspectives
LLM validation
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MCP (Model Context Protocols): enhance LLMs with functions that they may call when necessary

=> Could MCPs improve the mappings’ validation quality of LLMs ?

MCP tools ideas:

○  Search engine through scientific papers
○  Provide access to other associated vocabularies (ex: space agencies synonym lists, etc)
○  Possibility to delegate to human for later review when it is unsure about a mapping
○  Validation function for output format controllability (answer, justification)

Challenges and Perspectives
LLM validation
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○ Objective : issue a new version of vocabularies once a month

TODO to achieve this:

○ Compute metrics to let the user determine whether to perform manual or AI mapping 
(depending on how many new entities are to be mapped)

○ Create a method to only map entities modified after a certain date
○ if last modified date > previous update: if the label or an identifier has changed, might 

need to be mapped again
○ if creation date > previous update: try to map this entity

○ Implement more identified facility lists over time (data extractor + metadata crosswalk)

○ Let an LLM generate short descriptions of mapped entities

Challenges and Perspectives
Automatic updates of vocabularies
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