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Credits

● The presentation is based on many different sources – mainly The presentation is based on many different sources – mainly 
the on-line published slides from IVOA meetings, slides from the on-line published slides from IVOA meetings, slides from 
Astroinformatics  workshops, ADASS conferences, COST Astroinformatics  workshops, ADASS conferences, COST 
Action TD1403  or pictures found on Internet.Action TD1403  or pictures found on Internet.



Outline of the Talk

● Data Avalanche in astronomyData Avalanche in astronomy
● Virtual ObservatoryVirtual Observatory
● Astroinformatics (AI)Astroinformatics (AI)

● Visualizations 
● Transfer of technology 

● Artificial Intelligence (AI)Artificial Intelligence (AI)
● Future? Future? 



  

  

Astronomically 
Big Data  



Data Avalanche

Moore law for chips –doubling 1.5 yearMoore law for chips –doubling 1.5 year
Data in astronomy – doubling < 1 yr !  Data in astronomy – doubling < 1 yr !  

100 PB today,   100 TB/night100 PB today,   100 TB/night



LAMOST (Guoshoujing) 

● Xinglong, China
● 4 m mirror (30 deg meridian)
● 4000 fibres



LAMOST Spectral Surveys 
DR1 (end 2013)      2 204 860  spectra
                                                   1 085 404 stars classified by pipeline 
DR2 (beg 2015)     4 132 782 spectra

     3 779 674 stars
                                                   307 000 unknown! 
DR12  (Mar 2025)     12 602 390 low res
                               + 15 475 985 mid res 

Each fibre – 2 motors
double arm 33mm circle  

Fibre collects light from 
3.3 arcsec circle on sky



  

LSST – Vera C. Rubin Observatory  

189 CCD  4kx4k, 10um
3.2 Gpix every 15 sec 
3.5 deg FOV (64cm)
15 TB/day=6 PB/yr RAW
15 PB catalogue (D11)
detection of changes 60s!
7 million allerts/night ! Tot 20B
38 billion objects x 800
32 tril. meas. -5 PB table



● Virgo cluster in Rubin

15 sq deg

1185 exposures / 7 nights

Credit: NSF–DOE Vera C. Rubin Observatory/NOIRLab/SLAC/AURA



  

Euclid

Euclid Deep Field South J041110.98-481939.3, Credits: ESA/Euclid/Euclid Consortium/NASA,

●1.2m Korsch tel. 
●Dark matter 
●10B sources
●1B weak lensing
●600 MP camera 7filt
●Spectra VIS/NIR
●DR1 on June 2026
●100 PB processed
●26PB/year



IceCube Neutrino Lab 

South Pole 
Amundsen-Scott station



IceCube Neutrino Lab 



Cherenkov Telescope Array 



Gravitation Wave Detection Network



LOFAR network



  

SKA



SKA 



SKA



SKA Archive Volumes

700PB/year   2x135 Pflops   20 Tbit/s transfer link



Simulation of Universe



  

Virtual Observatory  



  

IVOA (established 2002)



  

Virtual Observatory : Key Definitions
● ““The Virtual Observatory will be a system that allows The Virtual Observatory will be a system that allows 

astronomers to astronomers to interrogate multiple data centersinterrogate multiple data centers in a seamless  in a seamless 
and transparent way, which provides new and transparent way, which provides new powerful analysis and powerful analysis and 
visualization visualization tools within that system, and which gives data tools within that system, and which gives data 
centers a centers a standard framework for publishingstandard framework for publishing and delivering  and delivering 
services using their dataservices using their data”.”.

● StandardizationStandardization of data and metadata, and of data  of data and metadata, and of data 
exchange methods.exchange methods.

● RegistryRegistry, listing available services and what can be , listing available services and what can be 
done with them.done with them.  

R.J.Hanisch, P.J.Quinn, in “IVOA – Guidelines for participation”R.J.Hanisch, P.J.Quinn, in “IVOA – Guidelines for participation”



Ecosystem of VO 



 Ecosystem of VO – level 2



  

Spectra in SPLAT-VO - query



  

Spectra in SPLAT-VO direct access



  

Spectra in SPLAT-VO - DataLink



  

TOPCAT



  

Aladin



Technology of  VO
Unified data format– Unified data format– VOTable, UCDVOTable, UCD (Vizier) (Vizier)

Transparent transport  (Transparent transport  (VOunitsVOunits) ) 

VOregistry  (DNS like)  Google for data+WSVOregistry  (DNS like)  Google for data+WS

Protocols Protocols 

ConeSearch (searching in circle on sky)

SIAP (Simple Image Access Protocol)

SSAP(Simple Spectral Access Protocol)

SLAP(Simple Line Access Protocol)  - VAMDC

TAP (Table Access Protocol) – query e.g. whole SDSS

VOEVENT (transients, robotic telescopes,Sun

DATALINK (related data products, e.g. raw, mosaics..)

SODA Server-side Operations for Data Acces



Technology of  VO 
ADQLADQL (Astronomical Data Query Language) (Astronomical Data Query Language)

XMATCH, REGION  (2 catalogues – shifted)

  

Application interoperabilty  –  Application interoperabilty  –  SAMPSAMP

Allows develop applications as bricks

sending VOTABLES  (catalogue-spectra-images)

Surveys visualizationSurveys visualization 

HIPS (Hiearchical Progressive Survey )  - allsky  zoom

MOC  (Multi order coverages) time, space, spectral (FoV)



Open Science – EOSC 

Arviset 2023

EURO-VO DCA, ICE,  CoSADIE, ASTERICS, ESCAPE - Astroparticles



VO Science Portals 



VO Science Portals 
            Stellarium + VirGo (ESO, unsupported)Stellarium + VirGo (ESO, unsupported)

              ESASkyESASky

ESO Archive Science PortalESO Archive Science Portal

IRSA IPAC archive (Firefly)IRSA IPAC archive (Firefly)

WWT  (original MS, now AAS, web client)WWT  (original MS, now AAS, web client)

  http://worldwidetelescope.org/webclienthttp://worldwidetelescope.org/webclient

GoogleSky GoogleSky 

  https://www.google.com/sky/https://www.google.com/sky/

https://archive.eso.org/scienceportal/home

https://sky.esa.int/

https://exoplanetarchive.ipac.caltech.edu/firefly/



EUROPLANET  VESPA  (EPN-TAP)

        
  

 



Big Data handling
VO Space Moving big tables across (load only results)

SSO   Authentication, authorization, groups and consortia 

UWS Universal worker service (job synch, asynch)

SIM-DB     Simulations, theory data

Science platforms   for BD analysis and ML 
 
(SciServer JHU, NOAO DataLab, CANFAR, Gaia, Euclid , Rubin x Pangeo )



  

VO  in IAU  



  

  Tutorials of VO

https://hendhd.github.io/ivoa_newcomers/

https://www.canfar.net/storage/vault/list/IVOA/virtual2021a  (video)

IVOA Interoperability meetings (May + November) 
Newcomers  Intro

Number of VO Schools

EURO-VO DCA, AIDA, ICE
CoSADIE, ASTERICS, ESCAPE  

www.ivoa.net      portal

https://hendhd.github.io/ivoa_newcomers/
https://www.canfar.net/storage/vault/list/IVOA/virtual2021a
http://www.ivoa.net/


  

  

Astroinformatics  



Data-Knowledge-Wisdom Pyramid



X-informatics

Changing methodology of 
the Science

Synergy between different 
worlds

Sociological aspects 
(net-based research 
communities)



Longo 2010



Longo 2009



Longo 2009



  

New e-Science Collaborations



Data Driven Science



Hidden Patterns in Data



Visualization in Machine Learning



Visualization of 1 B points – Gaia DR1



Visualization of Big Data

Breddels 2016



Star Forming Regions in Galaxy



CAVE2 Monash University AU

8m diameter, 330 deg FOV , 80x LCD 46“  1366x768 Stereo + head tracking …... 



  
http://eas.unige.ch/EWASS2017/session.jsp?id=S14



  

Astroinformatics in IAU



Remote sensing – Big Data 
Machine Learning

Precise farming 

Forestry

Ore mining 

Water resources monitoring

Automatic classification of terrain

Resistence of buildings (Aquilla)



Visualization of Big Data

Breddels 2016



AstroGeoInformatics



Astro-Neurology



Finding Galaxies by Shape NASA



Finding Cancer Signatures NASA



  

Science Platforms - SciServer  



  

Digital Pathology based on SDSS



  

Digital Pathology based on SDSS



  

Artificial 
Intelligence  



Human – Machine Collaboration

MEMEX

„Hypertext“
Associations

Global network
Interactivity 
Graphics



  

Turing Test



  

Imitation Game 



  

Turing Test – Core Idea

Strong  AI  (passes TT)    x      Weak  AI
Searle 1980 – Chinese Room 

Turing prize   ~   Nobel prize in IT
1954 suicide by apple with cyanide    



  

Origins of  term „Artificial Intelligence“

https://medium.com/rla-academy/dartmouth-workshop-the-birthplace-of-ai-34c533afe992

AI Winters 



  

First Chatbot - ELIZA
Weizenbaum  MIT   1964-67



  

Recent Advanced  Neural Networks

Reinforcement Learning

Active learning (oracle)

Bayesian Deep Learning

Physics Informed (Aware) NN
     Theory is important again 

GANs (image creation)

Diffusion models

Foundation models



  

Reviews of ML/AI in Astronomy



  

Idea of LLMs

Tomáš Mikolov 

Dissertation FIT VUT Brno 2012,  
MS Research, Google Brain, Facebook, CIIRC 

word2vec         sentence as a vector in big-N space
  improves Google Translate

Fasttext.cc

https://www.seznamzpravy.cz/clanek/jeho-figl-v-usa-nakopl-vyvoj-strojoveho-uceni-proc-se-expert-vratil-176156



  

Origin of the Current AI Boom

NIPS 2017



  

Attention



  

Transformer 
(GPT=Generative Pre-trained Transformer)



  

Transformers in Astronomy

 



  

LLMs in 2024



  

LLMs in Astronomy

ESO Cosmic Duologues 
https://www.youtube.com/@ESOCosmicDuologues/featured

AstroLLaMA : 7B pararameters, 
300 000 abstracts from ADS

Cosmology – FIT SED

ESO User Man 

Proposal rewiews

Project assessments

Ethical problems 



  

Review of LLMs in Astronomy



  

Backup Slides

Paper 2020 by Lewis https://arxiv.org/pdf/2405.20389

Retrival Augmented Generation (RAG)



  

Conclusions

AI already helps us to discover 
the secrets of the  Universe 

But the future is ….. uncertain !

TRUST    RELIABILITY  FAKES



  

Backup Slides



  

Active Learning (insufficient labels)   

Oracle :  Human – Machine Interaction 



  

Publication in A&A 



  

New Catalogue on Vizier 



  

Outreach



  

Outreach
● Seznam zprávySeznam zprávy
● 24 comments24 comments
● No hating !No hating !



  

Redshift  



  

SDSS Template Library 



  

 Systematic Errors in Pipelines 
Z_10K: 
~10000 randomly 
selected spectra 
visually  checked

Used to evaluate SDSS 
DR16Q  pipeline



  

BNN corrects the SDSS pipeline



  

QSOs missing due 
to SDSS pipeline error



  

BDN Corrects the SDSS Pipeline



  

QSOs missing due 
to SDSS pipeline error



  

SDSS Predicts QSO 
But It Is a Star


