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Astronomy Software 

01    |   Often written by astronomers, not software developers. Unnecessarily 
complex and opaque

02    |    Uses non-standard libraries. Difficult to build and/or install

03    |    Difficult to install multiple packages on the same system 

04    |    No cohesive development
● Libraries
● User interface
● Configuration files

05    |    The result is clunky and unreliable software, scripts and pipelines that 
produce unreliable scientific products. More importantly, it’s difficult to 
check whether some of the results are reproducible.
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How can we fix this?

2 - 5

Result from 1

2-4 

Can be fixed for pipelines through 
stimela. 

1

Not likely to change.
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stimela Python-based (now Yaml) based framework for writing data reduction pipelines. 

https://stimela.readthedocs.io/

Nomenclature 

Cab
A self contained unit that can perform a well defined task on some input and produce some output

Step
An instance of a cab or recipe. 

Recipe
A set of steps that perform a well defined task.

Well defined
Produces a predictable and reproducible output given the same set of inputs.

Containerization
OS–level virtualization that allows applications to run in isolated user spaces called containers (or images) in 
any cloud or non-cloud environment, regardless of type or vendor.

#
#
#
#


Cabs, Steps and Recipes

Cab 1 Cab 2 Cab 3

Step

Recipe
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Anatomy of a Cab

● Operating System (can be host)
● Libraries
● Application or script
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Anatomy of a Recipe
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CARACal

● Radio Interferometry (RI) data 

reduction pipeline

○ Not just for MeerKAT

● Continuum + line data

● Simple to install, and use

● Configurable

● Stimela-based

○ Portable

○ System agnostic

○ Reproducible results

Containerized Automated Radio Astronomy Calibration

https://caracal.readthedocs.io/
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About CARACal

- End-to-End data reduction pipeline

- Well defined set of stimela recipes (called workers)

- Each worker performs a task along the process chain

- Only requires Python and a containerization tool (Singularity, Podman, Docker)
- No need to install any other software
- The software are pulled from an online container/image repository and come fully equipped with required 

libraries and applications

- Allows astronomer to focus on optimizing data reduction settings instead of spending hours setting 

up the perfect software environment.

- Portable and System Agnostic
- Share reductions with collaborators via Yaml files. No bash scripts, no Make files
- Run CARACal with same configuration file on same data, and get the same results regardless of host system.
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Lowers barrier to entry for students

0
1 

Julia Healy (Kapteyn/UCT, PhD, 
IP)

Galaxies in cluster substructures (Norma and 

Abel2626)

0
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Sinenhlanhla Sikhosana (UKZN, 
PhD, IP) 

Diffuse radio emission in ACTPol clusters 

(UKZN, PHD, 

0
3 

Shilpa Ranchord (UP, MSc, IP)

Strong gravitational lensing of HI with galaxy 

clusters: a deep MeerKAT search
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Athanaseus Ramalia (RU MSc, 2019))

Quantifying imaging performance of legacy 

and novel Imaging software packages

0
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Alessia Verz (INAF, PhD, 2018)

SKA strong gravitational lensing simulations

0
3 

Kelachukwu Iheanetu(RU, PhD, 2020)

Effects of the Primary Beam on image fidelity

Lowers barrier to entry for students
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Humbled by 3C283

3C283
5.2 Jy @ 1.4 GHz

Very bright source that 
falls into null of PB as a 
function of frequency!!

3C source
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Flexible (write own workers)

Implemented in 
Cubical 

(Kenyon et al 2019)
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GW170817 afterglow

Jan 19, 02 March 2018

26 April, 05 May 2018

07 July, 01 Sept 2018

MeerKAT detections
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CTN discovery

Intended science target

Collimated synchrotron threads linking the 
radio lobes of ESO 137-006 (Ramatsoku+ 
2020)
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Thank you.

SARAO/NASA
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