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JIVE and the EVN



• JIVE is an ERIC


• Supports the European VLBI 
Network (EVN)


• Operates the EVN correlator


• Maintains corelator software 
(SFXC)


• Provides user support 
(including data reduction 
support)

JIVE and the EVN



Why CASA?



CASA 

• Can’t break ALMA (nor the VLA); rigorous code review (JIRA) and CI (Bamboo)


• Source code available in Bitbucket


• No more support for self-hosted installation of Atlassian Suite?



VLBI support in CASA
Make CASA viable for generic VLBI data reduction

• New functionality:


• importfitsidi: Import data in FITS-IDI format; includes more calibration metadata now


• fringefit: wide-band fringe fitting, memory usage optimisations


• General calibration infrastructure improvements


• per-scan interpolation


• better handling of partially flagged data


• Under development:


• EOP calibration



VLBI with CASA
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Jupyter-CASA

• Software behind the JupyterLab-
based Science Platform (WP5)


• Comes with a Jupyter notebook 
implementing EVN calibration pipeline


• Integration with EVN Archive (through 
VO service from WP4)


• Code at: 
https://github.com/aardk/jupyter-casa


• Docker/Singularity images on Zenodo

Our OSSR contribution

https://github.com/aardk/jupyter-casa
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Abstract
New functionality to process Very Long Baseline Interferometry (VLBI) data has been implemented in the CASA
package. This includes two new tasks to handle fringe fitting and VLBI-specific amplitude calibration steps. Existing
tasks have been adjusted to handle VLBI visibility data and calibration meta-data properly. With these updates, it is
now possible to process VLBI continuum and spectral line observations in CASA. This article describes the
development and implementation, and presents an outline for the workflow when calibrating European VLBI
Network or Very Long Baseline Array data in CASA. Though the CASA VLBI functionality has already been
vetted extensively as part of the Event Horizon Telescope data processing, in this paper we compare results for the
same data set processed in CASA and AIPS. We find identical results for the two packages and conclude that CASA
in some cases performs better, though it cannot match AIPS for single-core processing time. The new functionality
in CASA allows for easy development of pipelines or Jupyter notebooks, and thus contributes to raising VLBI data
processing to present day standards for accessibility, reproducibility, and reusability.
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1. Introduction

1.1. Background

For decades the Very Long Baseline Interferometry (VLBI)
community primarily processed data using the National Radio
Astronomy Observatory (NRAO) Astronomical Image Proces-
sing System (AIPS) software package (Greisen 2003). How-
ever, over the last decade the Common Astronomy Software
Application (CASA; McMullin et al. 2007) has replaced AIPS
for most non-VLBI applications in radio astronomy. Requiring
users wishing to process VLBI observations to learn AIPS is a
significant barrier to entry. In addition, with the changing
hardware architecture and ever growing data volumes, AIPS is
running into limitations that are increasingly harder to over-
come in software. A particular challenge was the calibration of

high-frequency, global VLBI observations carried out with the
Event Horizon Telescope (EHT; Event Horizon Telescope
Collaboration 2019b). To overcome this challenge the ERC-
funded BlackHoleCam project (Goddi et al. 2017), initiated the
development of the CASA-VLBI functionality which led to the
development of the first CASA-based calibration pipeline for
VLBI data (Janssen et al. 2019; Event Horizon Telescope
Collaboration 2019a).
This development was preceded by a detailed comparative

study among the main radio-interferometric data processing
software packages currently in use. The comparison scored
each package on its suitability to build a pipeline for VLBI
observations by comparing reliability, flexibility, sustainability,
user access and support. From this exercise, CASA and AIPS
were found to be the best options, with CASA being the prime
choice due to continuous and future software development and
extensive support for users of large observatories such as
ALMA and VLA (see Appendix). The development of the
CASA VLBI functionality has in the meantime matured into a
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New CASA papers for added FAIRness!
CASA, Common Astronomy Software Applications for Radio Astronomy
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Abstract
CASA, the Common Astronomy Software Applications, is the primary data processing software for the Atacama
Large Millimeter/submillimeter Array (ALMA) and the Karl G. Jansky Very Large Array (VLA), and is
frequently used also for other radio telescopes. The CASA software can handle data from single-dish, aperture-
synthesis, and Very Long Baseline Interferometery (VLBI) telescopes. One of its core functionalities is to support
the calibration and imaging pipelines for ALMA, VLA, VLA Sky Survey, and the Nobeyama 45 m telescope. This
paper presents a high-level overview of the basic structure of the CASA software, as well as procedures for
calibrating and imaging astronomical radio data in CASA. CASA is being developed by an international
consortium of scientists and software engineers based at the National Radio Astronomy Observatory (NRAO), the
European Southern Observatory, the National Astronomical Observatory of Japan, and the Joint Institute for VLBI
European Research Infrastructure Consortium (JIV-ERIC), under the guidance of NRAO.

Unified Astronomy Thesaurus concepts: Single-dish antennas (1460); Aperture synthesis (53); Radio astronomy
(1338); Radio interferometry (1346); Long baseline interferometry (932); Astronomy software (1855); Open
source software (1866); Software documentation (1869); Astronomy data reduction (1861); Astronomy data
analysis (1858)

1. Introduction

Radio astronomy is a discipline that heavily relies on
computational resources to image the sky at wavelengths
ranging from roughly 10 m to 300 μm (e.g., Condon &
Ransom 2016; Thompson et al. 2017). The Common
Astronomy Software Applications (CASA)9 (McMullin et al.
2007) is a software package that enables the calibration,

imaging, and analysis of data produced by world-leading radio
telescopes.
CASA consists of open-source software for the processing of

single-dish and radio interferometric data (Jennison 1958). It
consists of a suite of applications implemented in the C++
programming language (Stroustrup 1997) and accessible
through an Interactive Python interface (Perez & Granger
2007). The origin of CASA lies in the AIPS++ project
(Glendenning 1996; McMullin et al. 2006), which was started
in 1992 as the successor of the Astronomical Information
Processing System (AIPS) software package (Greisen 2003).
The original AIPS++ project was run by a consortium of
astronomical institutes, including the Australia Telescope
National Facility (ATNF), the National Center for Super-
computing Applications (NCSA) at the University of Illinois,
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Future of CASA

• Scalability of CASA is not great


• CNGI prototype


• Uses Dask, xarray, …


• To replace casacore in ngCASA (to go with ngVLA)


• More Python instead of C++ 


• EU Infratech RADIOBLOCKS project: use these technologies to speed up fringefit task


• NRAO hired a developer for developing VLBI (for VLBA/ngVLA)


• JIVE will continue VLBI development in CASA (in collaboration with NRAO)



Future of Jupyter-CASA

• CASA 6 replaced CASA 5


• Includes a Python wheel-based installation


• CASA in Jupyter is now a priority for NRAO


• Offering several Jupyter-based tutorials (including one for VLBA)


• Does not offer a JupyterLab environment


• JIVE offering continues to serve as basis for our Science Platform



Some thoughts on OSSR

• Could contribute more software to OSSR:


• SFXC software correlator


• ParselTongue


• OSSR not main entry point for Radio Astronomers


• CASA already widely known within community


• Science Platform likely more important


• But could play a role for Multi-wavelength/Multi-messenger community?


• JIVE can probably help with continued curation of OSSR contributions


