
S K Y M A P P E R  I N  T H E  V I RT U A L  O B S E R VAT O RY:  
H O W  W I L L  Y O U  A C C E S S  T H E  T E R A B Y T E S ?

S I M O N  M U R P H Y  ( H E I D E L B E R G )  
F E A T.  J O N  S M I L L I E  ( A N U ) ,  Y E S H E  F E N N E R  ( A A L )  
&  T H E  A L L  S K Y  V I RT U A L  O B S E R VAT O RY  P R O J E C T



O U T L I N E

• Introduction to the Virtual Observatory 

• SkyMapper data products 

• Complex queries using TAP/ADQL 

• Federating data 

• Interoperability with SAMP (if time permits) 

• Feedback - you are the users!



T H E  V I R T U A L  O B S E R VAT O R Y

• What is the Virtual Observatory?  
“all astronomy data products on your computer”

• A set of globally-agreed standards for:

• Describing data/models/services/literature

• Publishing resources

• Finding resources

• Accessing resources

• Interoperability is the key concern

resources



T H E  V I R T U A L  O B S E R VAT O R YVirtual Observatory Architecture
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Y E S H E  F E N N E R  
A S T R O N O M Y  A U S T R A L I A  L I M I T E D



What is the All Sky Virtual Observatory?
Platform for connecting Australian datasets with users and the world-wide VO network, via 
IVOA standards and services, and customised web interfaces. 
History: 
2011: Mid-Term Review of the Decadal Plan 2006-2015 recommended: 

“Astronomy should build an astronomical data fabric that links high-performance resources 
through appropriate data middleware and networks to create new opportunities for 
discovery by Australian researchers based on data flowing from telescopes like SkyMapper, 
ASKAP and the MWA. A path forward to achieving this goal is for the community to actively 
engage in the Government’s  eResearch initiatives, such as NeCTAR and RDSI“ 

2012: AAL commissioned an eResearch software development company Intersect to conduct a 
design study into a “Federation of National Astronomy Datasets” 
2012: AAL secured NeCTAR funds to take a first step towards this vision, by building the 
$3.5M All Sky Virtual Observatory 
!
 

Sponsors: Partners:



ASVO v1.0

SkyMapper telescope

TAO schematic

Initial ASVO datasets chosen in consultation 
with AAL’s eResearch Advisory Committee 
and the community: 

1. The Theoretical Astrophysical 
Observatory (TAO https://
tao.asvo.org.au) builds virtual 
universes based on simulation and 
model datasets. Developed at 
Swinburne. Launched 24th March 
2014. 

2. Optical data from ANU’s SkyMapper 
Southern Sky Survey (+ WiggleZ 
spectroscopic survey). Housed at NCI. 
First ASVO-SkyMapper public data 
release ~2015. 

https://tao.asvo.org.au/
https://tao.asvo.org.au/


Timeline and next steps

Future possibilities: 
•More functionality for TAO and SkyMapper Nodes 
•Data access services for other Australian datasets, e.g. next-gen 
radio telescopes

Jun  
2012

Project 
officially 
started

Dec 
2013

Jul 
2013

TAO  
pilot

SkyMapper & 
WiggleZ       

pilot SkyMapper 
survey data 
available from 
2015

Mar  
2014

TAO  
v1.0

Feb 
2013

User 
Workshop

Apr  
2014

SM & WgZ  
User testing & 

v1.0



T H E  V I R T U A L  O B S E R VAT O R Y

• How is this relevant to science with SkyMapper? 

- VO tries to make science as easy as possible 

- SkyMapper access primarily through the (AS)VO 

- A lot of other data are already in the VO  
(catalogues, images, spectra, simulations, …)

Multi-wavelength, multi-dataset science



S K Y M A P P E R  D ATA  P R O D U C T S

• Shallow and Main Survey data releases (from late 2015?)

• Catalogue access first priority, then images

• 10 tables x 109 rows x ~102 cols → 50-100 TB database   
          c.f. SDSS-DR7: 18 TB (4x108 srcs);  DR9: 60 TB (109 srcs)

• Raw + reduced images (1-2 PB), plus  
cutouts, mosaics, RGB, photometry service?

• Transient alerts 
    (things that go bump in the night)



S K Y M A P P E R  D ATA  P R O D U C T S

• Under development within the ASVO project: 

- High Performance Data Archive (internal+release) 

- Cloud Analysis (near data, BYO-software) 

- Data Exploration Tools 
‣ Web forms (simple queries) 

‣ Direct database access (local SQL) 

‣ VO services (images, catalogues)



W E B  A C C E S S :  C O N E  S E A R C H



W E B  A C C E S S :  I M A G E S

• This is text



W E B  A C C E S S :  C R O S S  M AT C H

• This is text



D E M O  
S K Y M A P P E R  C O N E  S E A R C H  

 W I T H  T O P C AT



Cone Search URL (in registry mid-2014): 
http://asvo.nci.org.au/skymapper/ms_distilled/conesearch



C O M P L E X  TA B U L A R  Q U E R I E S

S H O W  M E  B L U E  
VA R I A B L E  S TA R S  AT  H A L O  

D I S TA N C E S

F I N D  A L L  H I G H  P R O P E R  
M O T I O N  O B J E C T S  W I T H O U T   

2 M A S S  P H O T O M E T RY

C O N S T R U C T  T H E  S E D  O F  T H I S  
G A L A X Y  F R O M  U V  T O  R A D I O

I D E N T I F Y  H I G H - Z  Q U A S A R S  I N  T H I S   
I R R E G U L A R  S K Y  A R E A

I S  T H E R E  A  D WA R F  
G A L A X Y  I N  T H I S  R E G I O N ?

W H AT  O B S E R VAT I O N S  
W E N T  I N T O  T H I S  C ATA L O G U E  

E N T RY ?



C O M P L E X  TA B U L A R  Q U E R I E S

• VO standard: TAP (Table Access Protocol)

• SQL-like access to multi-table databases:  
ADQL (Astronomical Data Query Language)

• Complex spatial queries  
(cross matching, radial/polygonal, set geometry)

• User uploaded tables

• Asynchronous job handling

• Services & clients already available



A D Q L  I N  O N E  S L I D E

• Similar syntax to SQL (commercial DBs, CASJobs):  
 
SELECT new_object_id,ra,dcl,a/b  
FROM public.ms_distilled  
WHERE sigma_g/mean_g BETWEEN 0.1 AND 0.2  
   AND class_star>0.9  
   AND transient=‘false’ !

• Mathematical, logical operators, joins, sub queries,… 

• See is.gd/ADQLTutorial and is.gd/ADQLTutorial2  
for a range of example queries



D E M O  
A D Q L  A C C E S S  T O  S K Y M A P P E R  

U S I N G  T O P C AT



TAP URL (in registry mid-2014): 
http://asvo.nci.org.au:8080/skymapperpublic-tap/tap/





Cone Search 
 1=CONTAINS(POINT(‘ICRS’,mean_ra,mean_dcl,  
      ""    CIRCLE(‘ICRS’,0.0,0.0,0.5))



Simple Joins 
SELECT * "
FROM public.fs_photometry AS f "
JOIN public.image AS i "
ON f.image_id=i.image_id

Cross match - a join using CONTAINS 
SELECT * "
FROM public.fs_distilled AS f "
JOIN public.ms_distilled AS m "
ON 1=CONTAINS(POINT(‘ICRS’,f.mean_ra,f.mean_dcl),"
              CIRCLE(‘ICRS’,m.ra,m.dcl,5./3600.))"
WHERE f.n_epochs>3 AND m.a/m.b<0.5



F E D E R AT I N G  D ATA

• Datasets more powerful when brought together 

• ASVO already hosts HiPASS, WiggleZ, MACHO 

• Coming soon: SkyMapper, GALAH, TAIPAN, 
FunnelWeb, ASKAP, …, Gaia, SKA, others? 

• Allow user to upload/reference their own data 

• TAP can already do much of this 

• The dream: distributed queries  
(coming soon to TAP standard, possible to hack now)



N E W :  C D S  X - M AT C H  S E R V I C E

cdsxmatch.u-strasbg.fr/xmatch



D E M O  
Q U E R Y I N G  T H E  G AV O  D ATA  C E N T R E





Table upload and join 
JOIN TAP_UPLOAD.t1 AS mytable



SELECT *"
FROM ("
     SELECT ALL *"
     FROM wise.main AS w"
     JOIN sdssdr7.sources AS s"
     ON 1=CONTAINS("
          POINT('ICRS',s.ra,s.dec),"
          CIRCLE('ICRS',w.raj2000,w.dej2000,20./3600.))"
     JOIN twomass.data AS t"
     ON 1=CONTAINS("
          POINT('ICRS',t.raj2000,t.dej2000),"
          CIRCLE('ICRS',w.raj2000,w.dej2000,20./3600.))"
     WHERE 1=CONTAINS("
          POINT('ICRS',w.raj2000,w.dej2000),"
          CIRCLE('ICRS',125.0,15.0,5))"
          AND 0=CONTAINS("
               POINT('ICRS',t.raj2000,t.dej2000),"
               CIRCLE('ICRS',w.raj2000,w.dej2000,1./3600.))"
          AND NOT EXISTS ("
               SELECT *"
               FROM supercosmos.sources AS sc"
               WHERE 1=CONTAINS("
                    POINT('ICRS',sc.raj2000,sc.dej2000),"
                    CIRCLE('ICRS',w.raj2000,w.dej2000,1./3600.))))"
AS bigtable"

A slightly more complicated query…



WHERE w1mag-w2mag>0.5"
     AND w2mag<15.5"
     AND w2mag-w3mag<2.5"
     AND g>22.2"
     AND r>22.2"
     AND (i>21.3 OR i-z>3)"
     AND z<20.5"
     AND aflg='0'"
     AND xflg='0'"
     AND qflg NOT LIKE 'U%'"
     AND jmag>9"
     AND jmag-w2mag>1.8"
     AND z-jmag>2.5"

See is.gd/ADQLTutorial2 for more details



I N T E R O P E R A B I L I T Y

• Tools can exchange data using SAMP  
(Simple Application Messaging Protocol): 

- tables, row selections, images, sky positions, … 

• Wide support: 

- Desktop tools (TOPCAT, Aladin, ds9, WWT, SPLAT…) 

- Languages (Python, Java[script], C,…) 

- Web pages (VizieR, MAST, Web Profile)



D E M O  
I N T E R O P E R A B I L I T Y  W I T H  S A M P





sampjs 
http://astrojs.github.io/sampjs/



S U M M A R Y

• Working knowledge of the VO vital in the age of 
tera/peta/exabyte surveys 

• Variety of ways to access SkyMapper data in ASVO: 

- Desktop (web, VO clients) 

- Programmatically (share your workflows!) 

- Later: In the cloud (custom, BYO software) 

• ASVO SkyMapper Node live in mid-2014 
(ready for DR1 in 2015) 



S U M M A R Y

• More information:  
All Sky Virtual Observatory: www.asvo.org.au 
International VO Alliance: www.ivoa.net 
TOPCAT: www.star.bris.ac.uk/~mbt/topcat/  
ADQL Tutorials: is.gd/ADQLTutorial(2)

Questions, comments, suggestions?


