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Outline of the Talk

● VO – the hidden revolution in astronomyVO – the hidden revolution in astronomy
● Data Avalanche in astronomyData Avalanche in astronomy
● History of VOHistory of VO
● Basic principles of technologyBasic principles of technology
● VO ToolsVO Tools
● Theory in VOTheory in VO
● VO ScienceVO Science
● VO and Society VO and Society 
● Astroinformatics (Citizen Science, 4Astroinformatics (Citizen Science, 4thth Paradigm) Paradigm)



  

VO – The Hidden Revolution

● VO is the radical change of the paradigma of VO is the radical change of the paradigma of 
the work of the scientists – effectiveness !!!the work of the scientists – effectiveness !!!

● Everyday question (what, where, format, units)Everyday question (what, where, format, units)
● Scientists are conservative (don't like change)Scientists are conservative (don't like change)

● The fear of buzzword VO (multispec, large scale)

● Computer literacy – obligatory (part of job)Computer literacy – obligatory (part of job)
● Evanthia Hatsiminaoglou – cartoon !Evanthia Hatsiminaoglou – cartoon !





  

Analogy between VO and WWW
● Linking HYPERTEXT/DATA among serversLinking HYPERTEXT/DATA among servers
● Synergy effect of GLOBAL NET (Gopher,WAIS)Synergy effect of GLOBAL NET (Gopher,WAIS)
● Powerfull SEARCH  (VERONICA – GOOGLE) Powerfull SEARCH  (VERONICA – GOOGLE) 
● DISTRIBUTED but CENTRAL Steering DISTRIBUTED but CENTRAL Steering 

Organisation (W3C/IVOA)Organisation (W3C/IVOA)
● Recommendations = „Obligatory“ StandardsRecommendations = „Obligatory“ Standards
● Astronomers in forefront of development Astronomers in forefront of development 
● Scepticism (usefullness for my field ???)Scepticism (usefullness for my field ???)
● Steep Growth – average user can use it without Steep Growth – average user can use it without 

knowledge of principles (effectivity, habits)knowledge of principles (effectivity, habits)



  

Data Avalanche



  

Large Scale Data

● Huge surveys:100 million sources at < 3000 sources per night ⇒ > 
100 years to identify them

• Huge data collections: download and data analysis on desktop 
problematic/impossible. 

• Example: downloading Sloan Digital Sky Survey (SDSS) DR6 
data:

• images (10 Terabytes) ⇒ ~ 3 months at 10 Mbps 
• catalogues (2 Terabytes) ⇒ ~ 3 weeks 
• on DVDs ⇒ ~ 2,100 of them 

• And data analysis?? (similar size for MACHO, 2MASS etc)

P.Padovani  - VO School 2009



  

CD Sea

600 000 CD = 372 TB  (CD 650MB) 
600 000 DVD = 2.5 PB (DVD=4.5GB)

Bruce Monro 
Kilmington UK



  

LSST (8.4m)

200 CCD  4kx4k, 
32 channels (6400)
3.2 Gpix every 20 sec 
64cm diameter
3.5 deg FOV
30 TB/night
2 TFLOPS
detection of changes 
within 60sec 



  

5o x 5o  Hα -r’

A huge SN remnant: Sh 
2-147

Credit: A Ziljstra, J Irwin
(NB:  created with 

Montage)



  

Interferometry 
visibility  
amplitude v. 
baseline length

Calibrated, 
binned visibility 
amplitudes

Quick­look image

First Moment

Data examplesData examples



  

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 !  (1000/10 yr)(1000/10 yr)



  
D'Abrusco 2010



  
D'Abrusco 2010



GAIA (2012)



GAIA CCDs
106 CCDs 

 938 Mpix 

2800cm2



History of   VO

Success of IUE/HST archivesSuccess of IUE/HST archives

idea of the VO - end 2000idea of the VO - end 2000

Federation of  archives  (MAST, NED)Federation of  archives  (MAST, NED)
• unified IF, data format for transport

Huge data – distributed processingHuge data – distributed processing

GRID -  started in HEP (accelerator science)GRID -  started in HEP (accelerator science)

Multispectral research :  radio---gammaMultispectral research :  radio---gamma
• Virtual Universe (UK), AstroVirTel (ESO)

Data for SDSS, SIMBAD, NED – key research Data for SDSS, SIMBAD, NED – key research 



  

Virtual Observatory : Key Definitions

● ““The Virtual Observatory will be a system that allows The Virtual Observatory will be a system that allows 
astronomers to interrogate multiple data centers in a astronomers to interrogate multiple data centers in a 
seamless and transparent way, which provides new seamless and transparent way, which provides new 
powerful analysis and visualization tools within that powerful analysis and visualization tools within that 
system, and which gives data centers a standard system, and which gives data centers a standard 
framework for publishing and delivering services using framework for publishing and delivering services using 
their datatheir data”.”.

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

● Registry, listing available services and what can be Registry, 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”



  

VO Paradigma

● METADATA (name of column), ontologies (name)METADATA (name of column), ontologies (name)
● Unique format (VOTable – e.g Vizier)Unique format (VOTable – e.g Vizier)
● Transparent  search, download, conversionTransparent  search, download, conversion
● Query for data – processing done on serversQuery for data – processing done on servers
● Federation of astronomical archives (protocols)Federation of astronomical archives (protocols)
● Unified presentation – automatic units conversion Unified presentation – automatic units conversion 

(A,MeV,MHz->nm), Wm^-2s^-1 → Jy)(A,MeV,MHz->nm), Wm^-2s^-1 → Jy)
● Background computing on GRIDSBackground computing on GRIDS
● Multiwavelength approach (SED)Multiwavelength approach (SED)



  

Ontologies in Astronomy

From Graham, M. AI2010



  

VOTable

<TABLE name="SpectroLog">
<FIELD name="Target" ucd="meta.id" datatype="char" arraysize="30*"/>
<FIELD name="Instr" ucd="instr.setup" datatype="char" arraysize="5*"/>
<FIELD name="Dur" ucd="time.expo" datatype="int" width="5" unit="s"/>
<FIELD name="Spectrum" ucd="meta.ref.url" datatype="float" arraysize="*"

unit="mW/m2/nm" type="location">
<DESCRIPTION>Spectrum absolutely calibrated</DESCRIPTION>
<LINK type="location"

href="http://ivoa.spectr/server?obsno="/>
</FIELD>
<DATA><TABLEDATA>
<TR><TD>NGC6543</TD><TD>SWS06</TD><TD>2028</TD><TD>01301903</
TD></TR>
<TR><TD>NGC6543</TD><TD>SWS07</TD><TD>2544</TD><TD>01302004</
TD></TR>
</TABLEDATA></DATA>
</TABLE>

Serialization (metadata first, end of data unknown, tree structure)



Architecture of   VO



Technology of  VO

Unified data format– VOTable, UCD (Vizier)Unified data format– VOTable, UCD (Vizier)

Transparent transport  (SOAP , RESTTransparent transport  (SOAP , REST(youtube)(youtube)))

Web services  (WS) Web services  (WS) e-commerce, B2B, J2EE, .Nete-commerce, B2B, J2EE, .Net

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

protocols (CGI)protocols (CGI)
• ConeSearch (searching in circle on sky)
• SIAP (Simple Image Access Protocol)
• SSAP(Simple Spectral Access Protocol)
• SLAP(Simple Line Access Protocol)
• TAP (Table Access Protocol)
• VOEVENT (transients, robotic telescopes,Sun)



  

VO Registry - web



  

VO Registry – XML 



Technology of  VO 

ADQL (Astronomical Data Query Language)ADQL (Astronomical Data Query Language)

XMATCH, REGION  (2 catalogues - shifted)  XMATCH, REGION  (2 catalogues - shifted)  

Application interoperabilty  – PLASTIC, SAMPApplication interoperabilty  – PLASTIC, SAMP
• Allows develop applications as bricks

• sending VOTABLES  (catalogue-spectra-images)

Commercial interest (GoogleSky, MS WWT)Commercial interest (GoogleSky, MS WWT)

Planetariums, Outreach  (Stellarium) Planetariums, Outreach  (Stellarium) 



Workflows - Astrogrid

Running remote services – e.g. Sextractor, CASJobs, AstroNeural MLP....



  

List of tables in
the database

Selected tableTable DescriptionTable Columns

Query being built

Dialog to insert selected
columns into selected
section of the query

Building a query
AstroGrid Query Builder



  

IVOA



  

Simple Spectra Access Protocol
Spectral Data Model



  

SSAP Parameters



  

Universal Worker Service

RESTfull   (PUT/GET/POST/DELETE)



  

 VO-enabled tools
AladinAladin

VOPlotVOPlot

TOPCATTOPCAT

VOSpecVOSpec

SpecViewSpecView

SPLATSPLAT

ViSiVO (HPC simulations, cosmology)ViSiVO (HPC simulations, cosmology)

VOSEDVOSED

BASTIBASTI

SExtractor – WESIX (Web Enabled Source Identification with SExtractor – WESIX (Web Enabled Source Identification with 
Cross Matching)Cross Matching)

  Period04 (since 18.9.08) - PLASTICPeriod04 (since 18.9.08) - PLASTIC



AstroGRID VODesktop



  

SPLAT-VO (Starlink, JAC)



  

SpecView (STScI)
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VOspec (ESAC)



  

Colour-magnitude diagramColour-magnitude diagram



VO Tools 
together in action



  

Atomic data



Other VOs

Virtual Solar ObservatoryVirtual Solar Observatory

Virtual Solar-Terrestrial ObservatoryVirtual Solar-Terrestrial Observatory

Virtual Magnetospheric ObservatoryVirtual Magnetospheric Observatory

Virtual Space Physics ObservatoryVirtual Space Physics Observatory

Virtual Meteor Observatory – not proper - XMLVirtual Meteor Observatory – not proper - XML

SKYBOT – Minor planets ephemerides SKYBOT – Minor planets ephemerides (1840-2019)(1840-2019)

Interest of  climatology, meteorologyInterest of  climatology, meteorology

New branch of Science  = New branch of Science  = e-Sciencee-Science



  

Theory VO (TVO)

● Methods of VO (parameters in DB, SQL...) for Methods of VO (parameters in DB, SQL...) for 
study of results of simulations , catalogues of  study of results of simulations , catalogues of  
simulated  objects like SDSS...(PCA)simulated  objects like SDSS...(PCA)

● Browsing of simulation space  along different Browsing of simulation space  along different 
axes – parameters, regions...axes – parameters, regions...

● Evolutionary tracks, Photo Dissociation Evolutionary tracks, Photo Dissociation 
RegionsRegions

● Formation of  artificial  galaxies, clusters – N Formation of  artificial  galaxies, clusters – N 
body models (Millenium Run 10 billions, 25TB)body models (Millenium Run 10 billions, 25TB)

● Theoretical Spectra (GAVO – Rauch, GRID)Theoretical Spectra (GAVO – Rauch, GRID)



CIELO VO – line catalogue
SLAP

(IVOA Line Data Model: Dubernet, Osuna et al., in preparation)
(Simple Line Access Protocol: Salgado et al., in preparation)

Energy (keV)

XMM-Newton spectrum of NGC1068

ISO spectrum of P Cygni

Molecular line databases



  

VO for Atomic and Molecular Data

VAMDC  (06/2009-12/2012 FP7)VAMDC  (06/2009-12/2012 FP7)

13 organizations 13 organizations 

Virtual Atomic and Molecular Data Centre Virtual Atomic and Molecular Data Centre 

VO principles (web services, integration, registry, VO principles (web services, integration, registry, 
SAMP, VODesktop, TOPCAT, VOSpec)SAMP, VODesktop, TOPCAT, VOSpec)

(includes VALD extractor, NIST)(includes VALD extractor, NIST)

extended citation system (all providers acknowledged)extended citation system (all providers acknowledged)



  

Access protocols in VO: TSAP



  

VOSpec – models by TSAP

Kurucz stellar model and D’Alessio model of PMS 
discs fit to UV and IR spectra of HD 141569



Archives, Theory, VO­Science, DataMining, E&O



  



  •  PGos3 (Mexico), PEGASE (VO­Paris)PGos3 (Mexico), PEGASE (VO­Paris)

•  Other VO Data Centres providing theoretical spectra using TSAPOther VO Data Centres providing theoretical spectra using TSAP
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SED from photometry

zphot = 2.52
Age  = 500 Myr
Stellar mass = 9.9e109 Msun

Reduced chi-sq = 1.04
SFR current = 0.79 Msun yr-1

U            B            V           R            I            J             H           Ks          3.6μm    4.5 μm   5.8 μm 



BaSTI database



  

 VO-enabled tools



Archives, Theory, VO­Science, DataMining, E&O
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N Body Simulations of Globular 
Cluster Evolution

       



Stellar populations are modeled with synthesis models

(Available as Theoretical Simple Access Protocol server :http://ov.inaoep.mx)



  



  

10^10 particles10^10 particles

Several Gpc to Several Gpc to 

10 kpc10 kpc

Cube 2 billion lyCube 2 billion ly

One month MPSSCOne month MPSSC

25 TB25 TB

Evolution of 20 mil Evolution of 20 mil 
galaxiesgalaxies

Evolution merger treeEvolution merger tree

Millenium RunMillenium Run  
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Collimated Outflows from AGN

 3C 1753C 175
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MHD Simulations of Collimated 
Outflows from AGN – Virtual Telescope 

Observations

Electrons

Radio

VLACompare with 
Radio 
Archives
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MHD Simulations of Collimated 
Outflows from AGN – Virtual Telescope 

Observations

IC-CMB

Chandra

SSC

Compare with 
Chandra Archives
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Three Dimensional MHD 
Calculations

 ββ   = 3000= 3000
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Relic Radio Bubbles in Galaxy 
Clusters

 N1275N1275

Fabian et al. 2000

Compare 
with 
Chandra 
Archives



PDR VO-infrasctructure



PDR database and clients



PDR code via VODesktop



ISM platform



Complex join of TVO bricks



  

 VO Science

● 31 (9)  new obscured type 2 QSO  31 (9)  new obscured type 2 QSO  (Padovani 2004)(Padovani 2004)

● Brown dwarfs (about 20 candidates)Brown dwarfs (about 20 candidates)
● Brightest (WD?)  Albus-1 Brightest (WD?)  Albus-1 (Cabalero et al. 2008)(Cabalero et al. 2008)

● Widest CPM binaries Widest CPM binaries 
● AGB to  PNe - 100 new (200) with  VOAGB to  PNe - 100 new (200) with  VO
● SED (Spectrum Energy Distribution) SED (Spectrum Energy Distribution) 
● Bolometric magnitudeBolometric magnitude
● VOEvent – robotic telescopes (GRB, transits,)VOEvent – robotic telescopes (GRB, transits,)
● Outreach , Education (MS WWT, GoogleSky)Outreach , Education (MS WWT, GoogleSky)



  

BDs discovered using VO

IAU GA, Prague, Aug 2006

 Filtering criteria: z & J-only 
detections with z- J > 2.75

 SDSS: 15M obj.

 2MASS: 160M obj.

 300000 objects in common.

  However, systematic searches using a VO methodology have not However, systematic searches using a VO methodology have not 
been performed so far. been performed so far. 

Solano 2006



Democratization of Science 

● Digital DivideDigital Divide      
technological barrier, data access free, access to journalstechnological barrier, data access free, access to journals

● International Council for Science  CODATAInternational Council for Science  CODATA  
Committee on Data for Science and Technology – UNO ICSCommittee on Data for Science and Technology – UNO ICS

● CASPARCASPAR  
Cultural, Artistic and Scientific knowledge for Preservation, Access and Retrieval  Cultural, Artistic and Scientific knowledge for Preservation, Access and Retrieval  
Digital curation centers Digital curation centers 

● ADS and VO ADS and VO   
links to ivo://, metadata, ontologies –  semantic weblinks to ivo://, metadata, ontologies –  semantic web

● Archive importance:Archive importance:
5x IUE , 3x HST results from archives than PI articles5x IUE , 3x HST results from archives than PI articles

● EffectivenessEffectiveness  
50% of published data appears in Journals, links to data automatic ?50% of published data appears in Journals, links to data automatic ?



Objections to VO

Data quality –  garbage in - garbage outData quality –  garbage in - garbage out

How and whom to give credit ? (button)How and whom to give credit ? (button)

embedded ivo:// data  in ApJembedded ivo:// data  in ApJ

VO for dissemination only VO for dissemination only 
• technology for OPTICON, nextgen

• Virtual science –  VO technology

VO only for public data ! Proprietary ?VO only for public data ! Proprietary ?

            (data jealousy)(data jealousy)
• local archive  - available data marked 



The Astronomer's Data Manifesto
at 26 IAU GA Prague SPS3

(a) (a) All significantAll significant tables, images, and spectra published in journals  tables, images, and spectra published in journals 
should appear inastronomical should appear inastronomical data centresdata centres..

(b) All (b) All datadata obtained with obtained with publicly-funded  publicly-funded observatories should, after observatories should, after 
appropriate pro-prietary periods, be placed in the appropriate pro-prietary periods, be placed in the public domain.public domain.

(c) In any new major astronomical construction project, the (c) In any new major astronomical construction project, the datadata  
processing, storage,migration, and processing, storage,migration, and managementmanagement requirements should  requirements should 
be built in be built in at an early stage of the projectat an early stage of the project plan, and costed along with  plan, and costed along with 
other parts of the project.other parts of the project.

(d) Astronomers in (d) Astronomers in all countriesall countries should have the  should have the same access tosame access to  
astronomical astronomical datadata and information. and information.

(e) Legacy astronomical data can be valuable, and high-priority (e) Legacy astronomical data can be valuable, and high-priority legacy legacy 
data should be preserveddata should be preserved and stored in digital form in the data  and stored in digital form in the data 
centres.centres.

(f) The (f) The IAU should IAU should work with other international organisations to achieve work with other international organisations to achieve 
our common goals and our common goals and learn from learn from our colleagues in our colleagues in other fieldsother fields. ”. ”



From T. Hey, AI2010



X-informatics

Changing methodology of 
the Science

Synergy between different 
worlds

Sociological aspects 
(net-based research 
communities)



Longo 2010



Astroinformatics 
● Analogy – Bioinformatics (Genome analysis with GRIDS, ATB)Analogy – Bioinformatics (Genome analysis with GRIDS, ATB)

● e-Science in Astronomy - using informatics (computer science) e-Science in Astronomy - using informatics (computer science) 

● 4-th Paradigma of science 4-th Paradigma of science (observation,experiment, modeling, knowledge)(observation,experiment, modeling, knowledge)

● Data mining, Knowledge discovery  - VO-NEURAL, DAMEData mining, Knowledge discovery  - VO-NEURAL, DAME

● ClusteringClustering

● ClassificationClassification

● Supervised learning (Neural Networks, SVM) Supervised learning (Neural Networks, SVM) 

● ExamplesExamples

• Photometric RedShift 
• Searching for QSO
• Automatic Light curves classification (GAIA, LSST)

● Very NEW – emerging discipline Very NEW – emerging discipline 



Longo 2010

“There are known knowns.
These are things we know that we know. 
There are known unknowns. 
That is to say, there are things that we know 
we don't know. 
But there are also unknown unknowns. 
There are things we don't know we don't 
know.”





Longo 2009



Scientific Communities 

From O. Laurino  - AI2010









Virtual Worlds (2nd Life for Science) 



Virtual Conferences 
Virtual conferences at zero cost

Problem with time zones

Outreach, education

From Djorgovski - AI2010



Immersive VR Experiments



U-Science, Carbon Computing 

e-Science emerged ~10 yrs ago using the web protocols
that were common at that time:
– web services, XML-based information exchange, registries,
distributed data access, distributed computing (Grid) =
machine-to-machine communication

U-Science is now emerging from today’s web protocols:
– social networking, ubiquitous devices, user-centric
experiences, user-led activities, user-generated content, wikis,
blogs, mashups, tagging, annotation, ontologies (semantic
web), folksonomies, knowledge-sharing, user
recommendations = user-to-user communication

• The emergence of Citizen Science:
– Anybody can participate in the science discovery process
• Anyone can annotate, tag, and label scientific results:
– scientists, students, and citizen scientists

From K. Borne AI2010



Galaxy ZOO 

> 20 Science papers published so far



www.zooniverse.org 



Examples ZOOniverse 







Citizen Science x Expert Science 

Verified by human – training setsVerified by human – training sets

Independent answers=estimate of errorIndependent answers=estimate of error

Serendipitious discoverySerendipitious discovery

Scale - complexityScale - complexity

Galactic Peas



 Knowledge Discovery in U-Science

Known knowns :
Primary task. Data reduction by
science team.

Known unknowns :
Related to primary task. Results
funneled to specific researchers.

Unknown unknowns :
Serendipity. Currently rely on
forum moderators to filter.

Hanny van Arkel - Voorwerp Light echo of quasar?



  

Czech VO - CZVO
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