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WhatWhat’’s a s a VirtualVirtual Observatory?Observatory?

First, a real observatory-

� Telescope (optical, infrared, ultra-violet,   radio, 
x-ray)

� Detectors, instruments (cameras, spectrographs,  
photometers)

� Site (ground, space)
� Computers (telescope control, instrument 

control, data acquisition, data processing, data    
storage [archive])

� Astronomers, technicians, engineers, support 
staff, …



WhatWhat’’s a s a Virtual Virtual Observatory?Observatory?

Virtual observatory -

� Telescope → digital data accessible on 
the  Internet

� Detectors, instruments → computer programs
� Site → the user’s desktop
� Computers (telescope control, instrument 

control, data acquisition, data processing, data 
storage)

� Astronomers, technicians, engineers, support 
staff, …



WhatWhat’’s a s a Virtual Virtual Observatory?Observatory?

• A suite of software applications on a set of computers that allows users 
to uniformly find, access, and use resources (data, software, document, 
and image products and services using these) from a collection of 
distributed product and service providers. (B. Weigel, GMU; ViRBO)

• A distributed, scalable education and research environment for 
searching, integrating, and analyzing observational, experimental, and 
model databases. (P. Fox, NCAR; VSTO)

• A collection of integrated astronomical  data archives and software tool 
that utilize computer networks to create an environment in which
research can be conducted. (answers.com)

A virtual observatory is a collection of interoperating data archives 
and software tools which utilize the internet to form a scientific 
research environment in which astronomical research programs can
be conducted.                               

-Wikipedia



The The VirtualVirtual ObservatoryObservatory……

• Provides  observers/astronomers with access to 
all archived astronomical data as if it were stored 
on the local computer

• Provides tools to locate and retrieve data of 
interest, regardless of where it is stored

• Provides tools to compare data from different real 
telescopes and instruments

• Provides computational services and data 
management services on a supercomputer scale

All of the above requires the various VO players to speak the same language
Need to define VO standards and protocols 

International Virtual Observatory Alliance (IVOA)International Virtual Observatory Alliance (IVOA)
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• Very little astronomical data is text-based
• Text-based searches are unstructured
• Need to get inside data archives and databases 

to find the actual measurements and their 
uncertainties

• Google just leads you to web sites; the VO finds 
data and delivers it 

Why not just use Google?Why not just use Google?



How does it work?How does it work?



Good news- do not have to invent everything from scratch

• Build on existing data archives, on-line catalogs
• Exploit advances in computer and networking technology
• Utilize new grid technologies for high performance computing

But there are challenges-

• Metadata standards
• Data quality and completeness
• Cross-correlation of TB-scale databases at different locations
• Visualization of large parameter spaces

How Do You How Do You BuildBuild a a Virtual ObservatoryVirtual Observatory??
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The The VirtualVirtual Observatory conceptObservatory concept

Data Data Data Data Data

Archive

Information

Services 
Other services

Metadata services

Compute services

Archive

Information 

Services

Compute 
services

Metadata 
services

Other 
services

Astronomers User Interface

Virtual Telescope

Middleware Layer

Data Access Layer

Metadata Services

Find all radio-loud, early-type 
galaxies with 0.4 < z < 0.7 that 
lie within 2’ of extended x-ray 
emission, please.

There are 125,852 galaxies 
which satisfy these criteria. 
What now?
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VO Standards & ProtocolVO Standards & Protocol

VOTable -

The VOTable is an XML standard for representing tabular data. 
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• SIAP - Simple Image Access protocol

This specification defines a protocol for retrieving image data from a 
variety of astronomical image repositories through a uniform interface. 

• Cone Search -

This protocol  defines a simple query protocol for retrieving records from 
a catalog of astronomical sources. The query describes sky position and 
an angular distance, defining a cone on the sky. 

• VOTable -
The VOTable is an XML standard for representing tabular data. 

Many more – FITS, ADQL, UCD, DAL…

VO Standards & ProtocolVO Standards & Protocol



VO Tools VO Tools And ServicesAnd Services

• Web-based applications

• Stand-alone applications

• Scripting and programming environments –

IDL, java, Python and IRAF



VO Tools VO Tools And ServicesAnd Services

• Plotting – provide variety of display options

includes some analysis facilities – statistics, filtering, corssmatching

VOPlot http://vo.iucaa.ernet.in/~voi/voplot.htm (VO-India)

TOPCAT         http://www.star.bris.ac.uk/~mbt/topcat/ (Astrogrid)

• Visualization – image display, catalogue overlay …….

Aladin http://aladin.u-strasbg.fr/aladin.gml (CDS)

Mirage      http://cm.bell-labs.com/who/tkh/mirage/index.html



VO Tools VO Tools And ServicesAnd Services

• Data discovery – locate (find), compare & retrieve data from variety 

of VO-accessible data archive… one-stop shopping                                 

Datascope http://heasarc.gsfc.nasa.gov/cgi-bin/vo/datascope/init.pl
(NVO)

SkyView http://skys.gsfc.nasa.gov/

• Analysis Tools – provide sophisticated analysis capabilities for making      

queries, cross-correlating catalogues, spectrum analysis……

Open SkyQuery http://openskyquery.net/Sky/skysite/browse/Browse.aspx

VOSpace          http://esavo.esa.int/vospecapp

VOSed http://sdc.laeff.inta.es/vosed/jsp/form_search.jsp

SPLAT              http://star-www.dur.ac.uk/~pdraper/splat/splat-vo/



Astrogrid Workbench
Aladin

VizieR

Simbad

Datascope

Astroscope

Topcat
VOSpec

VOPlot

SPLAT
STILTS

EURO-3D

Specview

VisIVO

VOSED

ADS

Helioscope

Yafit

Registry

PLASTIC

Web Service

SIA

SSA

VOTable

Astro Runtime

MySpace

WorkflowWorkflow

Open SkyQuery

VOEventNet

representative and by no means complete!



VOVO--enabled researchenabled research



• Studies of merging galaxies
• Automated supernova detection
• Environments of starburst galaxies and relationship 

of starbursts with active galaxies
• Quasar discovery and analysis
• Search for clusters of galaxies and distance 

estimation
• Structure of the Milky Way halo
• Infrared properties of radio galaxies
• Super star clusters in nearby galaxies

Current VOCurrent VO--based researchbased research



• Using VO tools to investigate distant radio starburst hosting obscured AGN in 
the HDF(N) region, Richards et al., A&A, 2007, 472, 805

• Albus 1: a very bright White Dwarf candidate, Caballero & Solano, ApJ, 665, 
L151 (2007)

• Flare productivity of newly-emerged paired and isolated solar active regions, 
Dalla, Fletcher & Walton , A&A, 468, 1103 (2007)

• Radio-loud Narrow-Line Type 1 Quasars, Komosaa et al., AJ, 132, 531 
(2006)

• Luminous AGB stars in nearby galaxies. A study using VO tools, Tsalmantza
et al., A&A, 447, 89 (2006)

• Discovery of optically faint obscured quasars with Virtual Observatory tools, 
Padovani et al., 2004, A&A, 424, 545

Current VOCurrent VO--based researchbased research

Some Examples Some Examples --

http://www.euro-vo.org/pub/fc/papers.html

http://www.us-vo.org/pubs/notable_pubs.cfm



Introduction to VO ToolsIntroduction to VO Tools

•• VOPlotVOPlot

•• AladinAladin

•• TOPCAT                                 TOPCAT                                 

•• VO DesktopVO Desktop

•• VOStatVOStat



VOPlotVOPlot

• VOPlot is a tool for visualizing astronomical data.
• VOPlot is developed in JAVA.
• VOPlot can be used to –

To plot two data fields against each other
Display the distribution as a histogram - 3D Histogram Plot

Surface Plot
3D Scatter Plot

• Simple transformations can be applied to data 
• Simple statistical analysis

VOPlot is fully integrated with VizieR









AladinAladin

Aladin is a VO tool allowing one to visualize
images of the sky and to superimpose entries
from catalogs.



AladinAladin
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AladinAladin



• allows the user to visualize digitized images of any part of the
sky.

• to superimpose entries from the CDS astronomical catalogues 
and tables.

• to interactively access related data and information from 
SIMBAD, NED, VizieR, or other archives for all known 
objects in the field.

AladinAladin



TopcatTopcat

Tool for OPerations on Catalogues And Tables; is all 
about tables; view and manipulate tables, and make 
plots in many different formats; cross-match 
catalogues.





VO DesktopVO Desktop

This is the core application, containing : VOExplorer, 
Astroscope/Helioscope, File Explorer, Task Runner, and 
Query Builder. It also provides the background services -
Astro Runtime and PLASTIC. 

• Search for resources and data in the VO; 
• bookmark your favourites; 
• fetch images, spectra and catalogues; 
• run queries on databases; 
• save and share files in VOSpace; and 
• invoke remote applications. 





VOStatVOStat

• Simple and sophisticated statistical routines on 
large datasets.

• Uses statistical computing package called R.

• Developed jointly by VO-I and the Center for 
Astrostatistics at Penn State



VOStatVOStat



VOStatVOStat



VOStatVOStat



VO at SAAOVO at SAAO

The BeginningThe BeginningThe BeginningThe BeginningThe BeginningThe BeginningThe BeginningThe Beginning……………………........



• Adopting PySALT pipeline to VO tools. 

• Ensuring that SALT data can be accessed through VO to-
1. SALT partners

2. South African astronomical community 

3. rest of the world  

• Coordinating VO activities with South African National Grid and Centre for High 
Performance Computing (CHPC).

VO at SAAOVO at SAAO

Connecting South Africa  internally and to the worldConnecting South Africa  internally and to the world

(in collaboration with staff from AstroGrid)

VO activities at SAAO-

• SAAO Virtual Observatory webpage – http://www.saao.ac.za/resources/virtual-observatory

• Installing, running and maintaining AstroGrid software’s /applications as well as VO 
tools from various VO projects.

A new updated version of the AstroGrid desktop software's (V1.2.2) for astronomers are available locally at SAAO 
through   http://www.saao.ac.za/~barway/vo/astrogrid/feb09

• The training of the South African students/astronomers/technical personal in the-
1. use of AstroGrid and various other VO tools and applications 
2. preparation and  the storage of the data for access via VO (AstroGrid)



SummarySummary

• VO relies on data collected and archived from real observatories.

• All astronomical databases one click away.

• All major data centers provide or planning VO-compatible interface to their 
data.

• VO enables research that cannot be done with one telescope or instrument.

• VO provides a computational framework that supports research questions 
that are now difficult, if not impossible, to carry out.

• Foe less than 1% of the cost of building new telescopes, the VO allows 
astronomers, educator, and the public to explore, synthesize, and learn. Add 
value to all observational facilities.

• The final goal is ScienceScience.



VO exerciseVO exercise

Each student has to do one exercise. Students should 
produce  report on the project with all relevant  text 
and figures. For assistance, a brief write-up is provided 
for all exercises can be download from –

http://www.saao.ac.za/~barway/vo/vo_project/nassp



VO exerciseVO exercise
Here is the list – (http://www.saao.ac.za/~barway/vo/vo_project/nassp)

• Astrometric calibration with Aladin.

• The HI shells of the Small Magellanic Cloud.

• Looking for optical counterparts of X-ray sources.

• Photometric calibration with Aladin.

• Quasars in SDSS.

• Galaxy Clusters from SDSS.

• H-R Diagram of a Globular Cluster. 

• Open cluster membership.

• Red objects in the Pelican nebula (IC 5070).

• Proper motion of stars with Aladin.

• Search for high-Z quasar from the SDSS. 

• Surface Photometry of galaxy.  



Thank You!Thank You!
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