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Talk overview
• The data challenge in radio astronomy.
• User interaction with large datasets via “Science Platforms”, NRAO’s Science Ready 

Data Products (SRDP).
• The NRAO Archive Access Tool (AAT)

– CARTA visualization
– Restoration of calibration
– ALMA user-driven reimaging (AUDI; with self-calibration)
– Radio astronomy in the Virtual Observatory

• CASA-based data processing pipelines for ALMA and the VLA.
• The future

– TTA tools, user-driven imaging for VLA, user-driven calibration, large data 
collections.

• The VLA Sky Survey (VLASS)
• The far future (ALMA WSU, ngVLA, SKA, DSA-2000….)
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How can we deal with the massive datasets coming from modern 
interferometers?

• The commissioning of the WIDAR correlator on the VLA in 
~2010 and ALMA shortly afterwards presented a huge 
challenge to data processing.

• Data volumes went from ~100 MB to ~100 GB per 
observation in a few years.

• Large bandwidths are challenging both in terms of data 
manipulation and algorithmic complexity.

• Needs more support from the Observatory in terms of 
processing pipelines, analysis tools and available computing. 
– NRAO’s Science Ready Data Products (SRDP) initiative.

• The future will see another ~10-1000x increase with the ALMA 
WSU, ngVLA, SKA, DSA-2000…..



4 NRAO Synthesis Imaging Workshop 2026

User interaction with large datasets
Data discovery

Data processingInteractive analysis
Courtesy E. Ryan

“Science 
Platform”
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SRDP as a science platform for NRAO
Data discovery

Direct access to NRAO computer
(remote or in-person visitor) Automated pipeline processing

User-driven pipeline runs

NRAO AAT

Server-side visualization (CARTA)

Data processingInteractive analysis

SRDP Project
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The NRAO archives
• NRAO current primary archive is the 

Archive Access Tool (AAT) 
(https://data.nrao.edu)

• NRAO also separately hosts a mirror 
of the ALMA archive 
(https://almascience.nrao.edu/aq)

• (NRAO’s legacy archive 
(archive.nrao.edu) is for internal use 
only and will be fully retired soon)

• The AAT supports both interactive 
use, and scripted queries via a Virtual 
Observatory TAP interface (more 
later).

Click for advanced interfaceSimple text search

https://data.nrao.edu/
https://almascience.nrao.edu/aq
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Radio astronomy in the Virtual Observatory
• NRAO TAP (Table Access Protocol) service 

(https://data-query.nrao.edu/tap)
– See 

https://science.nrao.edu/facilities/vla/archive/scripted-access-to-t
he-nrao-archive for details

– Allows e.g. access to archive metadata via Topcat
– Example notebook for a pyvo scripted query available
– Astroquery integration coming soon!

• CADC access to VLASS
– Scripted downloads of images and cutouts.
– See example notebooks at https://gitlab.nrao.edu/mlacy/vlass-vo

• VLASS in Aladin (HIPS)
– http://archive-new.nrao.edu/vlass/HiPS/All_VLASS/Quicklook/

• Other radio telescopes and databases with VO interfaces.
– CASDA (ASKAP and ATCA)
– ASTRON (LOFAR and APERTIF)

https://data-query.nrao.edu/tap
https://science.nrao.edu/facilities/vla/archive/scripted-access-to-the-nrao-archive
https://science.nrao.edu/facilities/vla/archive/scripted-access-to-the-nrao-archive
https://gitlab.nrao.edu/mlacy/vlass-vo
http://archive-new.nrao.edu/vlass/HiPS/All_VLASS/Quicklook/
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SRDP as a science platform for NRAO
Data discovery

Direct access to NRAO computer
(remote or in-person visitor) Automated pipeline processing

User-driven pipeline runs

NRAO AAT

Server-side visualization (CARTA)

Data processingInteractive analysis

SRDP Project
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The pipelines
• Why use the pipeline?

– Data processing algorithms very complex, easy to miss a step 
or set a parameter wrong. ALMA/VLA pipelines have been 
very well tested and are suitable for most common 
observations (notable exceptions: VLA 
wide-band/mosaic imaging).

• Gain compression correction for VLA observations is 
currently only possible via the pipeline.

• Automated self-calibration is now also available.
– Results are reproducible (data provenance, “Open Science” 

initiatives).
– Even if you don’t use the pipeline products for your final 

analysis, they are a good check on your processing, and can tell 
you (and/or us) quickly if there was a problem with the 
observation. Maybe I like the misery….

The pipeline takes the misery out of 
making radio images, what do you think?
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Pipeline structure

• The pipeline is structured like an recipe for 
data processing.
– Similar steps to calibration tutorials

• Delay (VLA), Tsys (ALMA), bandpass, flux 
calibration, gain calibration, etc.

• One of the pipeline products is a script that 
allows you to rerun the commands inside 
CASA.

• Another product is the weblog – a log of 
tasks with graphical output that allows you 
to assess how successful a pipeline run was, 
and exactly what it did.
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Navigating your weblog
• Detailed information on the calibration of your EB (VLA) or MOUS (ALMA) can be 

found in the weblog that is produced by the pipeline.
• Go to the archive, observations tab and click on the “cals” icon to retrieve the tarred up 

calibration files and weblog.
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Navigating your weblog

• The VLA CASA Pipeline Guide 
(https://casaguides.nrao.edu/index.php/VLA
_CASA_Pipeline) or the ALMA equivalent 
(https://almascience.nrao.edu/processing/sci
ence-pipeline) contains a detailed 
description of the weblog.
– You may also need to change the 

security settings in your browser to 
view some of the pages as described in 
the Guide.

• First, look at the index page of the weblog, 
where QA notes from the DAs appear. 

• Most VLA pipeline data are run through a 
combined calibration and imaging pipeline

https://casaguides.nrao.edu/index.php/VLA_CASA_Pipeline
https://casaguides.nrao.edu/index.php/VLA_CASA_Pipeline
https://almascience.nrao.edu/processing/science-pipeline
https://almascience.nrao.edu/processing/science-pipeline
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Plot Summary (VLA only)

Similar plots for 
ALMA may be found 
in the 
hifa_timegaincal 
step. 
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ALMA weblog
• Similar to VLA weblog in overall structure, some detailed differences in how the 

steps are broken down, and some additional steps (e.g. Tsys calibration).
• Most ALMA datasets are run though a combined calibration and imaging.
• Note that both ALMA and VLA imaging pipelines have “image mitigation” – if the 

total image size calculated by the pipeline is too large, the image will be made 
smaller and/or the image downsampled. 
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Science Ready Data Products (SRDP)
• ALMA standard pipeline and VLA pipelined data are classed as “science ready”.
• We define science ready products as being processed and quality assured to a 

uniform standard, with known provenance – “publishable as is’’, but also a basis 
for more advanced processing.
– For simple Stokes I continuum science cases, SRDP calibration will be good to go. 

• Polarization calibration not yet fully supported, see later.
– The standard VLA imaging pipeline imaging uses a fixed robust=0.5 and happens only 

on a per-EB basis. Combining data from different EBs is left to the user. 
• Images should be useful as a reference, many users will want to reimage.
• User-driven imaging, with options for tuning beamsize and combining EBs from either a 

single or multiple configurations is planned.
• Imaging pipeline can take multiple calibrated EBs and image together
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Example pipeline images
HOPS-400 (Ka-band, A-config) Field FRI C-band,  A-config

0.5 arcsec
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VLA Spectral line calibration and imaging
• The current VLA pipeline can do both continuum and spectral lines

– VLA A and B configurations will have extensive product mitigation
• Cannot feasibly make all cubes for all targets for the full primary beam
• continuum subtraction and imaging of some fields/spws may be left to users
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QA review and flagging
• Data are reviewed in detail by a data analyst (DA).
• Extra flags are applied for bad data missed by the 

pipeline (if necessary). 
– Typically minor issues related to RFI missed by the 

pipeline, poor pointing (at high frequencies), 
weather, data transfer problems, low-level (<20%) 
gain compression on a few antennas.

• Data are rerun with the extra flagging.
• Flagging is iterated if necessary and data rerun
• Results are inspected by a scientist or senior DA 

before being archived.
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SRDP as a science platform for NRAO
Data discovery

Direct access to NRAO computer
(remote or in-person visitor) Automated pipeline processing

User-driven pipeline runs

NRAO AAT

Server-side visualization (CARTA)

Data processingInteractive analysis

SRDP Project
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ALMA User-Driven Imaging (AUDI)
• In some cases, a 

user may wish to 
recalibrate or 
reimage data. 
Reimaging is likely 
to be the most 
common use case.

• So far only working 
for ALMA (AUDI)
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Imaging: Self-calibration
• Self-calibration takes advantage of 

the fact that the complex gain 
solutions from any given antenna 
are over-determined (because 
many baselines are sampled by an 
interferometer for a given 
antenna.).

• The imaging pipelines 
self-calibrate in phase only, 
iteratively choosing a solution 
interval to obtain the highest 
dynamic range image. Tobin & Sheehan in prep
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User-driven VLA recalibration and imaging
• A small number of pipeline parameters will be made 

available to tweak calibrations and images.
• For calibrations, spectral line avoidance (cont.dat) 

and RFI flagging, and optional calibration steps (TEC 
map and compression fix application) would be 
examples of things that could be changed.

• For imaging, the robust parameter/target resolution, 
frequency/velocity range and continuum ranges for 
spectra, and whether or not to attempt 
self-calibration.
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Imaging from combined EBs
• Future work will run pipelines to 

combined ALMA configurations and 
configurations, and allow users to 
combine data from VLA 
configurations.

• Combined imaging (array not TP) is 
planned for ALMA WSU

• VLA combined imaging is a planned 
feature for VLA User-Defined Imaging

Leroy+21
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TTA tools
• A new suite of proposal, observing-block 

generation and scheduling tools is being developed.
– New proposal system coming soon!

• Aug. 2027 for NRAO DDT submission
• Jan 2028 for 2028B proposal call

• This could allow us to improve our SRDPs, for 
example:
– Associate EBs that should be combined for imaging
– Specify frequencies where strong spectral lines are 

likely to feed into the spectral line pipeline.
– Specify the polarization calibration method (Df, 

Df+QU) so we can include polarization in SRDP.
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SRDP as a science platform for NRAO
Data discovery

Direct access to NRAO computer
(remote or in-person visitor) Automated pipeline processing

User-driven pipeline runs

NRAO AAT

Server-side visualization (CARTA)

Data processingInteractive analysis

SRDP Project
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CARTA visualization
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Other science platforms
• CANFAR (Canadian 

Advanced Network for 
Astronomical Research)
– Allows upload of software 

containers so you can run 
anything you like.

• NOIRLab 
(https://datalab.noirlab.edu)
– Based on Jupyter 

notebooks, mostly for 
large catalog manipulation.

• Science platforms under 
development by ESA and 
NASA.
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VLASS and VLASS data products
• What is VLASS?

– All the sky north of dec -40 deg, imaged in three (3.5) epochs ~32 months apart. 
“On-the-fly” raster mode observing.

– S-band (2-4 GHz); 2.5” resolution; RMS~120-170μJy (RFI dependent).
– IQU polarization (will also store some Stokes V information).
– Radio astronomy community heavily involved in the survey from the design stage 

onwards.
– All products are public following QA and archiving.
– All epochs now complete! A half fourth epoch was conducted to replace difficult to 

process data from the first half epoch.

science.nrao.edu/vlass
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VT1210+4956: merger-driven 
supernova; Dong+21

VT0243-2840 radio TDE candidate (Somalwar+22)

TXS 1433+205, the most 
distant gamma-ray AGN, 
resolved in VLASS (Paliya+23)

Inner jet of a 5-Mpc giant (Oei+22)

Quasars changing from radio-quiet 
to radio-loud; Nyland+20

Emergent pulsar wind nebula, Dong+23

The cosmic dipole 
signal from VLASS 
matches the 
Planck signal 
(Darling+22)
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VLASS data products

• ``Quick Look’’ images are available for all epochs.
• More refined ``Single Epoch’’ images (including self-calibration, spectral index and 

polarization information) are available for parts of 2nd and 3rd epochs (areas of sky 
observed at low zenith angles and can be imaged with mosaic gridder).

• At the end of the survey, a combined image will be made from all three epochs of data.
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VLASS data products access
• VLASS raw data, calibrations and weblogs are available in the archive 

(data.nrao.edu) (images are available too, but not the final position corrected 
versions for Epoch 1).

• The latest VLASS images are available from archive-new.nrao.edu/vlass, and from 
CADC (https://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/vlass/). CADC services 
include Virtual Observatory SIA and TAP, and data can be accessed via 
astroquery or pyvo.

• Our Canadian colleagues have also made a handy cutout server at 
http://cutouts.cirada.ca/
– Makes cutouts of  VLASS images, also NVSS/FIRST/GLEAM/RACS radio surveys, 

WISE infrared and SDSS/PanSTARSS optical.

https://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/vlass/
http://cutouts.cirada.ca/
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Rubin Alert Observations
• The VLA will be observing some Rubin Alerts in service mode

– 10 minute X-band observation (20 minute EBs)
– flux calibrated using VLA switched power system
– rapidly processed with abbreviated VLA pipeline recipe

• abbreviated for speed, no selfcal
• Archived and products available to community as quickly as possible

• Details are still being worked out, but expect something within the next few months.
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Large-scale processing of radio data
• Unique challenges:

– Large memory requirement per processing core compared 
to most other jobs run on high performance computers.

– Large disk space needed and i/o heavy (needs either a 
centralized fast disk system like Lustre, or have a large 
amount (several TB) of fast read/write storage on each 
node).

– Job profiling difficult
• Solutions:

– High Throughput Computing – focus on maximizing the 
throughput as a whole rather than the speed of an 
individual job. 

– GPUs for some especially intensive steps (e.g. gridding)
– Try splitting jobs into smaller chunks.
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The far future
• How will we deal with the needs of ngVLA, SKA, and ALMA WSU 

with ~10-1000x the current data volume?
• One key will be to distribute and parallelize the processing.

– Needs new algorithms to split large datasets into manageable 
chunks and send ~103-106 concurrent jobs to compute 
clusters.

• VLASS has already demonstrated the ability to run >1000 
jobs at once.

• On the users’ side, interoperability of archives and processing 
centers/science platforms will be essential – can’t store all the data 
in one place.
– Virtual Observatory (VO) protocols will play a key role in this.

• But also need to maintain the knowledge of how to process radio 
data when astronomers mostly get the output of pipelines.

RADPS…
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Summary
• We are already at the point where users are having trouble dealing with the volume of data from 

the VLA and ALMA, and the complicated algorithms needed to correctly process it.
– With ngVLA and ALMA WSU on the horizon, it will just get worse.

• SRDP delivers standard pipelined VLA data products that users can either use “off the shelf ’’ or as a 
basis for more refined processing.

• Still much to be done (user-driven processing options, combined EB & combined array imaging, full 
resolution/FOV cubes, fixes for flux calibrator variability etc).

• What you can get now:
– Standard pipeline calibrations (all data), images (all ALMA,  most VLA continuum)
– Calibrated MS for ALMA or VLA
– Rerun imaging pipeline for ALMA (with self-cal)
– Visualization in CARTA for recent VLA continuum/spectral line and VLASS, ALMA images

• ALMA (via ALMA archive)
• Coming soon (next 1-2 yr): Reimaging for VLA, Rubin Alert Data
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www.nrao.edu
science.nrao.edu

The National Radio Astronomy Observatory is a facility of the National Science Foundation
operated under cooperative agreement by Associated Universities, Inc.
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Gain compression (VLA only)
• Happens when severe RFI is detected to the extent that it changes the apparent 

brightness of the sky as seen by the telescope and thus changes the system gains.
– Effect is per baseband, so most of baseband can be unaffected by RFI, but still get 

affected by gain compression.
– Recognize by seeing calibration amplitude variations that affect an entire baseband.
– Can also be seen in the switched power plots (hifv_priorcals)
– Mostly affects L- and S-bands, but now being seen at higher frequencies (especially 

C-band)
• Fix is to use the switched power data to correct for the change in amplifier gains.

– Correction is best for 8-bit (so if you want high flux density accuracy best to use 
8-bit), but works reasonably well for 3-bit data too.
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Gain compression (Stage 6 (syspower))
ea02
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Lessons learned from SRDP
• Closely examining the data coming off the VLA has many benefits

– Improved feedback to engineering/technical teams on issues with the telescope.
– Detection of a flare in one of the ``big four’’ calibrators,  3C138 in December 2020.
– Identification of some issues with the calibrator models in CASA.

• In addition, the combination of VLASS and SRDP has pushed software 
development:
– Fix for gain compression using the switched power data.
– Improved workflows for calibration and imaging, ability to run these workflows on 

external clusters if necessary.
– GPU-based gridder for fast processing of wide-field images.


