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Developing an end-to-end data reduction pipeline for MeerKAT and other radio telescopes
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Work flow
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Synopsis

MeerKATHI is the current development name for a data reduction pipeline,
assembled by an international initiative. We create a publicly available end-

to-end continuum- and line imaging pipeline for MeerKAT and other radio Continuum imaging

telescopes. We implement high-end techniques suitable to produce high- (Data ingest) »  Self-Calibration > Source finding
dynamic-range continuum images and spectroscopic data cubes. Using (Mosaicking)

containerization, our pipeline is platform-independent. Furthermore we are * * *

using a standardized approach to use a number of different of high-end

software suites, partly developed within our group. We are aiming at using | Continuum- Source
distributed computing approaches throughout our pipeline to enable the Flagging Subtraction characterization
user reduce larger data sets as provided by radio telescopes like MeerKAT.
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The pipeline also delivers a set of imaging quality metrics giving the user
the opportunity to efficiently access the data quality.

Python, Stimela, and with that, the world

MeerKATHI is a (large) Python script making use of Stimela (the IsiZulu
word for a train), a platform-independent radio interferometry scripting
framework based on Python and a choice of Linux containerization
technologies. It enables the user to use a suite of astronomical software to
reduce radio astronomical imaging data (as produced by telescopes like
MeerKAT, the VLA, etc.). In addition to containerized and therefore
platform-independent versions of the software it provides a standard
syntax, allowing the user to access all implemented software in the same
manner. Stimela supports the containerization platforms:

MeerKATHI has a flexible layout and gets configured via a configuration file.
Its simplest function is to flag RFI, to perform a cross-calibration (using
calibration sources), followed by an iterative series of continuum imaging
and self-calibration steps (reducing image artifacts based on the structure
of output images), line imaging, and source finding. Automated data ingest
(depending on the telescope), several stages of source characterization, and
archiving are planned, but not yet implemented.

A suite of fast, interactive, remotely accessible diagnostic tools has been
developed to access data quality and to identify potential problems.

e Podman

* Docker

* Singularity
 uDocker

First results and outlook
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It provides access to standard software as CASA (McMullin et al. 2007, d APt | . fL-band €ontinuum
generic data reduction and analysis), PyBDSM (Mohan & Rafferty 2015, see
also van Weeren et al. 2012, source finding), AOFlagger (Offringa 2010,
radio interference detection and elimination), MeqTrees (Noordam &
Smirnov 2010, data simulation and calibration), SoFiA (Serra et al. 2015,
source finding). In addition, it wraps high-end software developed within
our group, using the same standard syntax:
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* CubiCal (Kenyon et al. 2018, prediction and calibration) i
« AIMFAST (Diagnostics/flow control)
* RFInder (RFI visualisation)

* Radiopadre (Results examiner)

* RAGAVI (Data visualisation)
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| Maccagni et al. 2019
ESO 149- .Circinus galaxy, MeerKAT s galaxy and background, MeerKA

* Tricolour (Parallel flagger) cinu
* Crystalball (Parallel predict) H 1 : | ' e Ty 3075766

* Sharpener (Spectral analysis)

WKK 3083
* Codex Africanus (parallel radio software API) |
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Repositories

Podman: https://podman.io/ * , _

Docker: https://www.docker.com/ ) 3EaY -. 2 . i _

Singularity: https://sylabs.io/singularity/ Jozsa et al. 2019 Thorat et al. 2019 R 019 Kitten III

uDocker: https://github.com/indigo-dc/udocker ‘ | ' . ]

CASA: https://casa.nrao.edu/ : : : :

PyBDSM: https://github.com/lofar-astron/PyBDSF MeerKATHI is under development since May 2017. _Slnce the_n |_t h_as been

AOFlagger: https://sourceforge.net/p/aoflagger/wiki/Home/ tested using several data sets from MeerKAT, including commissioning, and

LSS EEEE;{%?@;;EGCSJE/%OFiA_Admin/SOFiA open time data (Serra et al. 2019, Maccagni et al. 2019, Jézsa et al.

CUBIcal: https://github.com/ratt-ru/CubiCal 2019a,b, Thorat et al. 2019), but it has also been used to image VLA data

QIFTFdAsT: EEEPS:ZgﬁtﬂuB-Comjﬁﬁgigifegs/aimfast (Ramatsoku et al. 2019). It has been used successfully to image the H I
naer. pPS.//github.com/FrlI naer - ’

RadioPADRE: [ ety A e T (neutral hydrogen) line (Ra_matsol_<u et al. 2019, Serra _et al. 2019, Jozsa et

RAGaVi: https://github.com/ratt-ru/ragavi al. 2019a,b) as well as radio continuum data (Maccagni et al. 2019, Thorat

Tricolour: https://github.com/ska-sa/tricolour

Sunblocker : https://github.com/gigjozsa/sunblocker et al. _201_9)' _ _ _

Crystalball: https://github.com/paoloserra/crystalball The pipeline is being ramped up and documented to be publicly released

SHARPener: https://github.com/Fil8/SHARPener this year, while development will continue.

Codex Africanus: https://github.com/ska-sa/codex-africanus
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