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VO services allow direct and 
programmatic/scriptable access  

(e.g. using Python) 
to data hosted by Data Central

VO services offer a 
convenient, standardised 
interface for data access



Available services
• SCS (Simple Cone Search) 

• Basic cone search of Data Central hosted catalogues


• SIA2 (Simple Image Access) 

• Cutout service for Data Central imaging data (version 2.0 of SIA specifications)


• SSA (Simple Spectral Access) 

• Search and download Data Central spectra (excluding IFU spectra)


• TAP (Table Access Protocol) 

• Query Data Central catalogues using ADQL (will be updated in near future) 


• Data Aggregation Service (DAS) 

• Makes extensive use of VO services, combining all above and more (but not a VO service)

Access details: https://docs.datacentral.org.au/reference/services/vo/  
Example code: https://docs.datacentral.org.au/help-center/examples/general-virtual-

observatory-examples/ 

https://docs.datacentral.org.au/reference/services/vo/
https://docs.datacentral.org.au/help-center/examples/general-virtual-observatory-examples/
https://docs.datacentral.org.au/help-center/examples/general-virtual-observatory-examples/


SCS, SIA and SSA: 
discoverable via IVOA registry

Once catalogues, images or spectra ingested by Data Central,  
users querying IVOA registry can find your data



SkyMapper VO services

• SCS (Simple Cone Search) 

• SIA (Simple Image Access) 

• TAP (Table Access Protocol) 

• See Marc White talk on 
Thursday



Another example: https://datacentral.org.au/vo/cone-search/?
RA=217.45103&DEC=0.28289&SR=0.03

SCS

https://datacentral.org.au/vo/cone-search/?RA=217.45103&DEC=0.28289&SR=0.03
https://datacentral.org.au/vo/cone-search/?RA=217.45103&DEC=0.28289&SR=0.03
https://datacentral.org.au/vo/cone-search/?RA=217.45103&DEC=0.28289&SR=0.03


TAP Holds a few older tables 

TAP will be updated in 
near future 

To be powered by Data 
Central cluster 

Newer TAP version 
supports user table 
uploads for cross 

matching 

Please use: 
 https://datacentral.org.au/

services/query/ for now 
(or API access) 

https://datacentral.org.au/services/query/
https://datacentral.org.au/services/query/


SSA: Access to millions of AAT and UKST spectra

Available from SSA service DR4 coming soon



SSA Links
• Endpoint: https://datacentral.org.au/vo/ssa/query


• Main doc page: https://docs.datacentral.org.au/reference/
services/simple-spectral-access-ssa-service/


• Several Python examples: https://
docs.datacentral.org.au/help-center/examples/simple-
spectral-access-ssa-examples/


• Specutils loaders: https://github.com/astropy/specutils/
tree/main/specutils/io/default_loaders

https://datacentral.org.au/vo/ssa/query
https://docs.datacentral.org.au/reference/services/simple-spectral-access-ssa-service/
https://docs.datacentral.org.au/reference/services/simple-spectral-access-ssa-service/
https://docs.datacentral.org.au/help-center/examples/simple-spectral-access-ssa-examples/
https://docs.datacentral.org.au/help-center/examples/simple-spectral-access-ssa-examples/
https://docs.datacentral.org.au/help-center/examples/simple-spectral-access-ssa-examples/
https://github.com/astropy/specutils/tree/main/specutils/io/default_loaders
https://github.com/astropy/specutils/tree/main/specutils/io/default_loaders


SSA Workflow
The intended workflow of the SSA service is as follows:
1. The user supplies an HTTP GET query to the query interface URL.
2. A query is performed using the query parameters, producing a list of available 

spectra.
3. If the POS parameter is specified (i.e. a cone search), the results are ordered in 

increasing distance from the position
4. A VOTABLE with the query results is returned with each row containing an 

access_url link.
5. The access_url is a Datalink-enabled service that returns a spectrum (on request) 

for each result.
In many cases, the spectrum from access_url is actually a simplified 1D spectrum 
that is extracted from an original multi-extension file.
The original file may be retrieved using the url in the full_data_url column of the 
VOTABLE output.

Many different parameters may be supplied: see https://docs.datacentral.org.au/
reference/services/simple-spectral-access-ssa-service/ for a full list

https://docs.datacentral.org.au/reference/services/simple-spectral-access-ssa-service/
https://docs.datacentral.org.au/reference/services/simple-spectral-access-ssa-service/
https://docs.datacentral.org.au/reference/services/simple-spectral-access-ssa-service/


Example query: Stacked ozdes 
spectra covering 3000A (at rest)

https://datacentral.org.au/vo/ssa/query?
COLLECTION=ozdes_dr2&DPSUBTYPE=combined&BANDREST=3000e-10&REQUEST=queryData

https://datacentral.org.au/vo/ssa/query?COLLECTION=ozdes_dr2&DPSUBTYPE=combined&BANDREST=3000e-10&REQUEST=queryData
https://datacentral.org.au/vo/ssa/query?COLLECTION=ozdes_dr2&DPSUBTYPE=combined&BANDREST=3000e-10&REQUEST=queryData


Output data formats
• Datalink service slink that extracts spectra of interest


• VOTable output by default, to allow for TOPCAT/SPLAT preview of spectra


• Can add &RESPONSEFORMAT=fits to urls to return FITS format


• Simplified 1D spectra: Available from access_url


• Accessible spectra, readable from majority of clients


• A few essential header keywords added by Data Central 


• Original spectra: Available from full_data_url 

• Survey team provided file that contains spectrum of interest


• Often complex format, may require loaders to open (specutils github repo)


• Full original header information + other spectra (sky background, variance, etc.)



FITS header  
keywords added 
by Data Central



https://docs.datacentral.org.au/help-center/
examples/simple-spectral-access-ssa-examples/

Example 
Python scripts

• Extensive use of astropy, 
pyvo and matplotlib. 
Convert SSA query 
results from VOTable to 
pandas dataframes with 
to_pandas()


• Mainly handle spectra 
internally without saving 
to disk. Easy to modify 
examples to write out 
spectra

https://docs.datacentral.org.au/help-center/examples/simple-spectral-access-ssa-examples/
https://docs.datacentral.org.au/help-center/examples/simple-spectral-access-ssa-examples/


• IRAF specplot like 
display of time series 
spectra from SSA query 


• Easy to access dozens 
of spectra via pyvo and 
create plots of spectra 
with matplotlib


• Can specify individual 
target with 
TARGETNAME or 
select only spectra that 
overlap a specific rest 
wavelength using 
BANDREST

OzDES DR2  
time series 



• 6dFGS final data release spectra from SSA.


• 2MASS and DSS HiPS image cutouts from 
hips2fits service (CDS).


• Several page PDFs of plots: supersedes 
functionality of web archive (WFAU/ROE).

6dFGS: 
Generate 
PDFs of 

spectra and 
image cutouts



GALAH DR3 
SSA + API

• GALAH DR3 catalogue query via Data Central API 
=> interactive spectrum viewer


• Use object id to easily get spectra from SSA 
service + params not in SSA (Teff, log g, [Fe/H], etc)

SELECT TOP 100 sobject_id, star_id, 
teff,e_teff,logg,e_logg, fe_h, e_fe_h FROM 
galah_dr3.main_star WHERE sobject_id < 

160000000000000 and logg < 2.0

Clicking target 
loads spectra  
on demand=>



TOPCAT and SPLAT: quickly view SSA results

TOPCAT activation action: OzDES DR2 spectra



SSA + AAT 2dF archive

• Now have an effective means to 
automatically reduced 2dF+AAOmega 
spectra: Telescope archives talk later today 

• 2dFdr Pipeline as A Web Service (PAWS) 
could be used to retrospectively reduce 
archival 2dF spectra. 

• These could be made available via SSA 
service: a valuable legacy project


• PAWS+SSA: Transient follow-up enabled 
by quick-turnaround staging of spectra



Simple Image Access
• Reuses Data Central image cutout code to extract images => generate FITS and PNG output. 

Radius limit: 600 arcsec (optical) or 5 deg (GLEAM-X)


• Complementary to existing image cutout services. Powerful way to access images from 
Python using SIA2 standard.


• Current: Multiband mosaics from GAMA PDR and Devils DR0


• Coming soon: GLEAM-X (MWA imaging in 26 frequency bands, Hurley-Walker+2022), KiDS 
DR4 (ESO VST ugri), Millenium Galaxy Catalogue (MGC, B-band INT WFC)


• Want to see more imaging survey data in Data Central? Contact us!


• Documentation https://docs.datacentral.org.au/reference/services/simple-image-access-sia-
service/


• Examples: https://docs.datacentral.org.au/help-center/examples/simple-image-access-
examples/ 

https://docs.datacentral.org.au/reference/services/simple-image-access-sia-service/
https://docs.datacentral.org.au/reference/services/simple-image-access-sia-service/
https://docs.datacentral.org.au/help-center/examples/simple-image-access-examples/
https://docs.datacentral.org.au/help-center/examples/simple-image-access-examples/


SIA Workflow
The intended workflow of the SIA service is as follows:
1.The user supplies an HTTP GET query to the query interface URL.
2.A query is performed using the query parameters, producing a 

shortlist of image mosaics. More than one query position may be 
specified.

3.A VOTABLE with the query results is returned with each row 
containing an access_url link.

4.The access_url is a Datalink-enabled service that generates (on 
request) an image cutout from each mosaic in the shortlist.

5.Image cutouts may be returned as FITS or PNG format, or as a 
VOTABLE with embedded links to FITS cutouts.

Several parameters: https://docs.datacentral.org.au/reference/services/
simple-image-access-sia-service/ 

https://docs.datacentral.org.au/reference/services/simple-image-access-sia-service/
https://docs.datacentral.org.au/reference/services/simple-image-access-sia-service/


Example query: GAMA PDR

https://datacentral.org.au/vo/sia2/query?POS=CIRCLE 217.38 0.25 0.05

https://datacentral.org.au/vo/sia2/query?POS=CIRCLE%20217.38%200.25%200.05


SIA: Multi-wavelength cutouts
• Download image 

cutouts in multiple 
filters using Python


• Automatically display 
them using ds9 fits 
viewer Python module


• Python code on SIA 
Examples page at Data 
Central: https://
docs.datacentral.org.au
/help-center/examples/
simple-image-access-
examples/

https://docs.datacentral.org.au/help-center/examples/simple-image-access-examples/
https://docs.datacentral.org.au/help-center/examples/simple-image-access-examples/
https://docs.datacentral.org.au/help-center/examples/simple-image-access-examples/
https://docs.datacentral.org.au/help-center/examples/simple-image-access-examples/
https://docs.datacentral.org.au/help-center/examples/simple-image-access-examples/


SIA: An interactive 
colour mosaic

• Download SIA images for a region of 
interest and display colour-composite with 
ds9


• Overlay sources of interest from SAMI and 
GAMA surveys with Data Central Simple 
Cone Search catalogue service


• Add keybindings for ds9: 


• s: load SAMI DR2 data in Single 
Object Viewer (SOV)


• g: load GAMA DR2 in SOV


• w: query SIMBAD in web browser at 
position


• q: quit


• Python code on SIA Examples page at 
Data Central: https://
docs.datacentral.org.au/help-center/
examples/simple-image-access-examples/

https://docs.datacentral.org.au/help-center/examples/simple-image-access-examples/
https://docs.datacentral.org.au/help-center/examples/simple-image-access-examples/
https://docs.datacentral.org.au/help-center/examples/simple-image-access-examples/


GLEAM-X MWA data coming soon!

Hurley-Walker+2022, arXiv:2204.12762 2 degree radius cutout 
088-095 MHz



KiDS DR4 coming soon to Data Central: 
blue and green data

https://kids.strw.leidenuniv.nl/DR4/index.php 

https://kids.strw.leidenuniv.nl/DR4/index.php


HiPS + MOC
• IVOA standards (not services)


• HiPS: Hierarchical Progressive Surveys 
format. Built upon HEALPix tessellation 
technique


• Native format of Aladin and Aladin Lite apps. 
Many available: http://aladin.unistra.fr/hips/list 


• Plan to have local Data Central HiPS server. 


• Can generate cutouts using hips2fits web 
service (CDS)


• MOC: Multi-order coverage map. Think of it 
as “footprint” of HiPS image. Can be used to 
check if targets have survey coverage (and 
more).


• MOCPy https://cds-astro.github.io/mocpy/ SDSS9-r 
MOC

http://aladin.unistra.fr/hips/list
https://cds-astro.github.io/mocpy/


GLEAM-X HiPS



A few other examples



HiPS+MOC: Image cutouts with 
coverage checking and radio overlays

https://docs.datacentral.org.au/help-center/virtual-observatory-examples/hipsmoc-
image-cutouts-coverage-checking-and-radio-overlays/ 

https://docs.datacentral.org.au/help-center/virtual-observatory-examples/hipsmoc-image-cutouts-coverage-checking-and-radio-overlays/
https://docs.datacentral.org.au/help-center/virtual-observatory-examples/hipsmoc-image-cutouts-coverage-checking-and-radio-overlays/


SkyMapper SIA + IPAC 
Montage mosaics

https://docs.datacentral.org.au/help-center/virtual-observatory-examples/skymapper-
siamontage-single-position-query/ 

Centaurus A PN Fleming 110x10 arcmin rgb=irg

https://docs.datacentral.org.au/help-center/virtual-observatory-examples/skymapper-siamontage-single-position-query/
https://docs.datacentral.org.au/help-center/virtual-observatory-examples/skymapper-siamontage-single-position-query/


SkyMapper mosaic + 
ASKAP RACS contours

https://
docs.datacentral.org.a
u/help-center/virtual-

observatory-
examples/colour-

mosaic-radio-contour-
overlay 

https://docs.datacentral.org.au/help-center/virtual-observatory-examples/colour-mosaic-radio-contour-overlay
https://docs.datacentral.org.au/help-center/virtual-observatory-examples/colour-mosaic-radio-contour-overlay
https://docs.datacentral.org.au/help-center/virtual-observatory-examples/colour-mosaic-radio-contour-overlay
https://docs.datacentral.org.au/help-center/virtual-observatory-examples/colour-mosaic-radio-contour-overlay
https://docs.datacentral.org.au/help-center/virtual-observatory-examples/colour-mosaic-radio-contour-overlay
https://docs.datacentral.org.au/help-center/virtual-observatory-examples/colour-mosaic-radio-contour-overlay
https://docs.datacentral.org.au/help-center/virtual-observatory-examples/colour-mosaic-radio-contour-overlay


Questions?


