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Data Avalanche
Moore law for chips –doubling 1.5 yearMoore law for chips –doubling 1.5 year

Data in astronomy – doubling < 1 yr !  (9 month current)Data in astronomy – doubling < 1 yr !  (9 month current)

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



LSST – Vera C. Rubin Observatory  

201 CCD  4kx4k, 
3.2 Gpix every 15 sec 
3.5 deg FOV (64cm)
20 TB/day=6 PB/yr RAW
1.5 PB catalogue !!!
detection of changes 60s!
10 million allerts/night !
38 billion objects x 1000
32 tril. meas. -5 PB table



LOFAR network



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! 
DR5  (half 2017)      9 017 844  spectra 
...
DR8  (Feb 2022)     10 927 525 low res
                                + 5 975 982 mid res 

Each fibre – 2 motors
double arm 33mm circle  

Fibre collects light from 
3.3 arcsec circle on sky



Virtual Observatory : Key Def initions

● ““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”



  

IVOA (established 2002)



  

IVOA Structure

Arviset 2023



Ecosystem of  VO – level 0



Ecosystem of VO – level 1



 Ecosystem of VO – level 2



Open Science – EOSC 

Arviset 2023

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



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)



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)

PDL  Parameter Description Language

SIM-DB     Simulations, theory data

Science platforms   for BD analysis and ML
 
(SciServer JHU, NOAO DataLab, CANFAR, Gaia, Jupyterhub, Docker,  ASTROpy)



TOPCAT



  

Aladin



  

OSPS Image coverage (footprints)



SPLAT-VO 
(Starlink, Heidelberg, Ondrejov)



  

DaCHS Testbed Split-Order SSAP

 

nu Pup  HEROS red



  

Continuum Normalisation 

  

Theoretical spectrum of Vega 

The continuum is NOT ALWAYS at 1.0  !



  

Light Curve in SPLAT-VO (zoom)



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/

http://worldwidetelescope.org/webclient/



Science Portals using VO standards

        
  

CDS (Vizier, Simbad), NASA (MAST)

SKAO    (SKA)   

DataCentral Science Platform (Australia)

CfA Nexus (Harvard)

Rubin Science Platform (LSST) 

CTA 

Astro-COLIBRI (real time alerts GW, Neutrinos, Gamma, Xray ……), 
LIGO VIRGO..

CAESAR Space weather

NEORocks

Theory:
 Simulations ILUSTRIS ...
 Spectra (Kurucz, TLUSTY…)
 SED builders ,fitters  – IRIS,  VOSA  

 



EUROPLANET  VESPA  (EPN-TAP)

        
  

 



EUROPLANET  VESPA  (EPN-TAP)

        
  

 



  

VO  in IAU  



  

  Tutorials of VO

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

https://www.canfar.net/storage/list/pdowler/ivoa/virtual2021a  (video)

IVOA Interoperability meetings (May + November) 
Newcomers  Intro

Watch the link   https://www.ivoa.net

Number of VO Schools:

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

https://www.ivoa.net/


FITS standard

>30 years, separation of metadata (human readable and data )



VOTable Example

Header with metadata first

Unknown end

BIG DATA transfer

Links to streams...

Live pre-processing URLs

On-the-fly creation of data



Universal Content Descriptors



VO Registry – XML 



Simple Spectra Access Protocol
Spectral Data Model



SSAP Parameters



Analysis



  

Live Demo...  


