
http://us-vo.org/apps

Upload images to SExtractor and 
cross-correlate the objects found 
with selected survey catalogs.

Web Enabled Source 
Identification with Cross-
Matching

Search, plot, and retrieve SDSS, 
2dF, and other spectra.

Spectrum Services

Cross match your data with 
numerous catalogues

Open SkyQuery

Discover and Explore Data in the 
Virtual Observatory

DataScope

Find source catalogs, observation 
logs, image archives, and other 
astronomical resources registered 
with the NVO.

Registry Portal

This document uses screenshots and annotation to lead readers through the operation of 
five key applications that are available through the National Virtual Observatory. All of 
these can be found and used by starting at http://us-vo.org/apps.

The applications are:

An Introduction to 
NVO Core Applications
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The NVO registry is a directory of online astronomical resources. The STScI portal can be used to 
access catalog, image, and spectral data, and also descriptions of organizations and data collections. 

Registry Portal

Simple user interface allows 
search on any astronomical topic 
in a Google-like way. Suppose 
we want images from the FIRST 
radio survey.

The registry returns 6 resources. 
It looks like there is a Simple 
Image Access Protocol (SIAP) 
archive service. We can use this 
to get an image.

From these buttons, we can do 
several things – see the registry 
information, see the underlying 
XML description, etc. Let us 
continue by clicking on the “Try 
It” button.
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Registry Portal

The “Try It” button brings up a human-
operable web form that illustrates the SIAP 
protocol. Enter here the RA, Dec, and 
radius of a circular region on the sky, to 
fetch FIRST image information from that 
region. The coordinates here are for the 
galaxy M87.

The result of the request is a table of 
images, each with RA, Dec, URL, and full 
coordinate information (sky footprint).
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Registry Portal

By selecting an image closest to M87, we download directly from the given URL, 
and view the result in one of the many FITS viewers. This image shows the inner 
lobes of M87, and is about 10 arcseconds wide.

While this demonstration has used web forms and emphasized visualization, the 
underlying services are designed also for use by computer programs, to allow bulk 
data and computing pipelines.
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Open SkyQuery
Open SkyQuery allows sophisticated queries of astronomical catalogs in a uniform 
way, as well as cross-matching published catalogs. Open SkyQuery is supported by a 
general and powerful query language. A personal catalog of objects can be imported 
and cross-matched with published catalogs.

To illustrate Open SkyQuery, we use the following sample question:

What are the near infrared colors of bright quasars discovered using 
blue excess selection criteria?

Through the NVO registry, a number of quasar surveys with accessible catalogs can 
be identified.  We select, for example, to use the 2DF Quasar Redshift survey (2QZ) 
as our source of confirmed UV-excess selected quasars.  A file containing simple 
text, or VOTable information (RA, Dec, etc.) for many objects  can be uploaded to 
Open Sky Query, via the Import page, for comparison with an all sky infrared survey 
like 2MASS.

Import your favorite lists 
of astronomical objects 
to be matched with 
selected databases

Lists of objects can be 
uploaded in a variety of 
formats.

Browse Disks for 
file uploading or 
Copy/Paste lists 

into the editor
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One the quasar data has been imported, Open SkyQuery provides the option of cross-
matching your list of objects to a number of multiwavelength catalogs available through 
the NVO Registry.

A helpful interface allows the user to do an SQL search without knowing knowing the 
details of the syntax while at the same time introducing the new user to SQL.  Experienced 
SQL users also have the flexibility to simply type in commands.

Open SkyQuery

Automated tutorial to 
get you started.

Easy- to-use clickable formatting 
for building Searchable Query 
Language (SQL) commands 
without knowing SQL syntax.

Results can be 
viewed and 
saved in a 
variety of 
formats, or plot 
your results 
immediately 
with VOPlot.

On-line 
examples 
for editing.

Include selected 
regions of the sky.

Import a number 
of your own lists 
for cross-matching 
with selected 
catalogs from the 
VO Registry.

A variety of catalogs are 
available for matching. 
Information on parameters 
is also provided 

For those more 
experienced 
with SQL 
syntax, there is 
easy editing of 
command and a 
syntax checker.

i
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Plotted here are 2MASS near-IR colors of quasars (blue circles), stars (orange diamonds), and 
narrow emission-line galaxies (light blue squares) from the 2QZ survey.

2QZ quasar candidates were selected for their ultraviolet excess.  The plot demonstrates that 
the infrared excess of quasar candidates is also a good method for selection.

Two quasars in this plot have faint 2MASS NIR colors that exclude them from the NIR 
selection criterion.  A further exploration of these object can be done with a DataScope
search of multiwavelength images of those locations.

Open SkyQuery

When the cross-match is done, we can use VOPlot to visualize the results.

Note that the figure above has the axes labeled intelligently, which is because NVO 
data formats such as VOTable carry full annotations of their content.  Data is stored 
and moved efficiently, but also the meaning of the data is kept.



http://us-vo.org/apps

DataScope allows you to search the NVO Registry at a coordinate position without having 
to go to multiple databases.

What catalogs and images are available in the NVO Registry for a
particular sky position?

Suppose we have the coordinates of a quasar.  It is found to be a faint NIR source in the 
2MASS catalog. Optical/NIR colors from these surveys put its location in color-color space 
outside NIR selection criteria for quasar candidates.  What other data is available for this 
source?  Is this quasar an X-ray or Radio source?  DataScope allows the user to search for 
other images and datasets, across multiple wavelengths that overlap this region of the sky.

User interface is a simple 
coordinate search.

Options allow the 
user to select 
information of 
interest or simply 
find everything 
available in the 
NVO registry for a 
region.

Results from recent 
searches are cached 
for fast access.

DataScope
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Select the search 
results that you are 
interested in by 
clicking the 
appropriate selection 
boxes.

Save results as a 
TAR file or view 
results with Aladin
or OASIS.

DataScope calls on the registry for relevant services that cover the given point, then uses 
the resulting services to get image and catalog information about the specified point. The 
result list is refreshed on the web page as more results come in from remote services.

DataScope
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Images and catalogs can be quickly viewed using visualization packages like 
Aladin or OASIS.  

Displayed here is the NVSS image at the location (pink cross) of the NIR 
outlying quasar (see the Open SkyQuery Handout)  discovered in the 2QZ survey.  
This quasar is not an NVSS (or ROSAT) source as seen in the images.

DataScope

Yellow crosses show 
2MASS sources, blue 
crosses show NVSS 
sources, and red 
diamonds show 2QZ 
quasars. 
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Spectrum Services

Spectrum services provide a unified interface to many spectral databases, with search by 
name and coordinates, as well as more advanced queries.

In the following, we search for high-redshift quasars from the Sloan survey, and use the 
Spectrum Services to identify lines.

This example is oriented to a human-driven, visual investigation – however, we point out 
that NVO is built with web services, so that access is available to computer programs  and 
data processing pipelines.

Click “Advanced 
search” to start

Now choose “z 
between” 5 and 6, 
and “Object class” 
QSO.
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Twenty-four spectra are found that fit the criteria, and each is displayed as a graph, along
with position and redshift.

Spectrum Services

Click on 
“details” to get 
the data in 
ASCII, XML, 
or VOTable 
formats.

Check the 
interesting spectra, 
then click on 
“Append selected” 
to put the IDs in the 
list box at the 
bottom of the page. 
This allows further 
analysis of the 
spectrum.

We check 
“Restframe” and 
“Spectral lines” 
to get the 
spectrum 
annotated. We 
can also combine 
multiple spectra 
here.
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Spectrum Services

As a result, we get the annotated spectrum of this distant quasar. As always, these services 
are designed to be used by computer programs also – both generating requests and 
processing responses.
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The Web Enabled Source Identification with Cross-Matching (WESIX) application is a 
service for source extraction from an astrometric image, followed by cross-match with the 
major survey catalogs.

Web Enabled Source Identification 
with Cross-Matching

We start by 
downloading a 
sample image, 
then uploading 
it to the 
application.

Select SDSS 
DR2 (Sloan 
Digital Sky 
Survey, Data 
Release 2), for 
the cross-
match.

Advanced 
settings enable 
selection of 
detection 
significance 
for the source 
extraction.

Click here to start the 
processing.
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The source extraction 
(SExtractor) makes a 
table with these 
attributes. Select what 
is wanted in the cross-
matched table

The selected survey 
catalog (SDSS DR2) 
has these fields. Select 
what is wanted in the 
cross-matched table

This parameter 
controls the source 
extraction process

Here are the 
XML files 
with the 
resulting data.

Click on 
“Aladin” for 
an image 
view.Click

“submit”

Click on 
“Plotter” for 
a catalog 
view.

Web Enabled Source Identification 
with Cross-Matching
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Aladin shows the 
original image with the 
extracted sources, with 
the survey sources 
(SDSS), and with the 
cross-match of them.

VOPlot shows the catalog view. 
In this case, the plot shows the 
magnitude extracted from the 

image, against the SDSS z 
magnitude.

Web Enabled Source Identification 
with Cross-Matching


