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Introduction 
 
WALLABY will observe HI across 75% of the entire sky using ASKAP. The plan is to have  
uniformly processed and imaged spectral line cubes with a spatial resolution of about 30 
arcsec. Using the data from baselines that are up to 2 km in length, simulations (by T. 
Westmeier, please refer to Appendix A) have shown that the ideal compromise between 
minimizing RMS noise and reducing sidelobes level is a robustness setting of 0.5 - 1.0, resulting 
in beam sizes of 20 - 26 arcsec. By applying a slight taper, the beam is closer to 30 arcsec. This 
document will further the analysis by using real ASKAP-36 data to show side-by-side 
comparisons of various combinations of robustness and tapering setting. 
 
Method 
 
Using a standard set of ASKAPsoft parameters, the data was processed and then imaged. For 
each set of images, the only changes made were to the Weiner robustness value and/or the 
Gaussian taper setting.  
 
Dataset 

 
• ASKAP-36 observations of Eridanus, footprint B  
• 5 hrs on source taken 13 Mar 2019 
• beam 10, containing two bright HI galaxies: NGC 1385 (centre) and NGC 1371 (edge), 

see Figure 1 
 
 

Figure 1: Beam 10 of footprint B superimposed on an ASKAP-36 moment 0 map 
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Processing details 
 
• ASKAPsoft v0.24.4 (KLW’s parameter file, mostly default settings) 
• 144 MHz processed for continuum (upper half of the band) 
• 12 MHz processes for spectral line, 1407.5 - 1419.5 MHz (195 - 2723.9 km/s) 
• only the 2 km baselines are being used for the spectral line processing 
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≈ 26 arcsec  
• synthesize beam is computed by ASKAPsoft and varies across the band. The recorded 

beam shape is based on the central channel (n = 1413.5 MHz) of the image cube  
 
Results 
 
Table 1 and Figure 2 summarize the resultant beam sizes and PSF sidelobe levels PSF for each 
set of robust/tapering parameters specified during the imaging stage (images and 1D spectra 
of the PSF can be found in Appendix B). For the most part, the resulting image cubes appear 
to agree with the trends shown by the simulated data. There are some traces of RFI affecting 
the shorter baselines that cause large-scale spatial artefacts across the entire bandwidth of 
the images with robust > 1.0, which appear to be more pronounced in the HI-containing 
channels (likely the combined result of RFI and poor cleaning in those channels), preventing 
accurate flux measurements.  
 
Data quality plots, that are produced automatically by ASKAPsoft as well as spectra manually 
extracted from the image cube are in Appendix C. Figure 3 directly compares the normalized 
1-percentile fluxes of the image cubes (for more details about this plot, please refer to the 
write-up by O.I. Wong in Appendix D).  
 
Focusing on the bright central spiral galaxy NGC 1385, which contains a bright central 
continuum source, comparative moment 0 maps are shown in Figure 4. Table 2 and Figure 5 
summarize values measured from the image cube, including the integrated flux for NGC 1385 
(computed from the spectra found in Appendix C) and the RMS (measured from a 170 x 170 
arcsec ellipse in the spatial centre of the cube).  
 
 

Table 1: beam comparison for various robustness and tapering setting 
robust taper 

(arcsec) 
beam maj 

(arcsec) 
beam min 

(arcsec) 
beam 
angle 

PSF sidelobe 
(%) notes 

0.0 -- 21.593 18.123 31.878 7.12  

0.5 -- 23.196 21.513 27.319 6.20  

0.5 20 x 20 30.301 29.939 22.36 5.63 current default 

1.0 -- 26.139 24.850 -48.912 5.86  

1.0 10 x 10 28.749 26.942 -52.797 5.64  

1.0 15 x 15 31.747 29.377 -55.113 5.67  

1.5 -- 27.490 25.586 -51.668 6.12 RFI ripple 

2.0 -- 27.672 25.693 -51.891 6.20 RFI ripple 
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Figure 2: beam size and PSF comparison 

 
 
 

Figure 3: peak-normalised distribution of 1-percentile fluxes (see Appendix C) 
(bin = 0.05 mJy/beam) 
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Figure 4: moment 0 maps of NGC 1385 
 

robust = 0.0, no taper 
contours at (7.0, 14, 21) x 1020 atoms/cm2 

 

robust = 0.5, no taper 
contours at (4.9, 14, 21) x 1020 atoms/cm2

 
robust = 0.5, taper = 20 x 20 

contours at (2.9, 10, 21) x 1020 atoms/cm2 

 

robust = 1.0, no taper 
contours at (3.3, 10, 21) x 1020 atoms/cm2 

 
robust = 1.0, taper = 10 x 10 

contours at (3.0, 10, 21) x 1020 atoms/cm2 

 

robust = 1.0, taper = 15 x 15 
contours at (2.9, 10, 21) x 1020 atoms/cm2 

 
robust = 1.5, no taper 

(dominated by spatial artefacts) 
robust = 2.0, no taper 

(dominated by spatial artefacts) 
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Table 2: image cube measurements 

robust taper 
(arcsec) 

NGC 1385 
FHI (Jy km/s) 

NGC 1385 
Peak flux 

(mJy) 

RMS 
(mJy/beam) 

0.0 -- 15.42 137.49 3.20 

0.5 -- 19.72 158.63 2.89 

0.5 20 x 20 20.60 160.23 2.85 

1.0 -- 22.46 182.01 2.72 

1.0 10 x 10 22.03 163.45 2.72 

1.0 15 x 15 22.36 175.10 2.75 

1.5 -- -- -- 2.69 

2.0 -- -- -- 2.69 

HIPASS  29.3 177.3  

 
 

Figure 5: comparison of image cube measurements 

 
 
 
Summary 
 
Both robustness levels of 0.5 and 1.0 have lower sidelobes and do not appear to be too 
affected by spurious signals in the shorter baselines (compared to robust > 1). However, the 
broader “wings” of the PSF for robust = 1 (see Appendix B, Figure 3) may be concerning for 
the deconvolution of extended emission. With the generally higher sensitivity level of robust 
= 1.0, more flux is recovered for NGC 1385 than with robust = 0.5. By applying a taper to the 
data, we are able have a ~30 arcsec synthesized beam and reach lower HI column densities 
in the moment 0 maps. The robust = 0.5 with a 20 arcsec taper and the robust = 1 with a 15 
arcsec taper cubes produce very similar moment 0 maps of NGC 1385. 
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Other considerations 

 
1. These tests were conducted on a region of the sky located at a declination of -24.5 

degrees. WALLABY will cover -90 to +30 degrees. Sidelobe levels will be worst (see 
simulations) at higher declinations. 
 

2. During the imaging stage with ASKAPsoft, the restoring beam parameters for WALLABY 
processing are fixed, so there is uniformity across the band. The chosen beam size (e.g. 
30 x 30 arcsec) will be applied to all WALLABY image cubes. 

 
Recommendations 
 
There will be a wealth of science enabled by the full WALLABY survey. We need to determine 
the “best” ASKAPsoft imaging parameters in order to maximized the usability of the data. 
Based on the current analysis – looking particularly at the column density in the moment 0 
maps and comparative PSF shapes – it is recommended that a robustness level of 0.5 is used 
for processing WALLABY full survey science data.   
 
A taper of 20 x 20 arcsec can provide the initially specified spatial resolution of 30 arcsec; 
however, these test were conducting on a single dataset (fixed declination) using limited 
bandwidth. Further investigation is required to determine if the 20 x 20 arcsec taper is suitable 
for all regions of the sky and spectral range of WALLABY. 
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Appendix A: simulation results (by T. Westmeier) 
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Appendix B: PSF  
 

Figure 1: PSF for each set of robustness / tapering parameters (n = 1413.5 MHz) 
 

robust = 0.0, no taper 

 

robust = 0.5, no taper 

 
robust = 0.5, taper = 20 x 20 

 

robust = 1.0, no taper 

 
robust = 1.0, taper = 10 x 10 

 

robust = 1.0, taper = 15 x 15 

 
robust = 1.5, no taper 

 

robust = 2.0, no taper 
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Figure 2: Zoom-in of previous figure 
 

robust = 0.0, no taper 

 

robust = 0.5, no taper 

 
robust = 0.5, taper = 20 x 20 

 

robust = 1.0, no taper 

 
robust = 1.0, taper = 10 x 10 

 

robust = 1.0, taper = 15 x 15 

 
robust = 1.5, no taper 

 

robust = 2.0, no taper 
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Figure 3: comparative 1D spectra of the PSF shape 
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Appendix C: spectra 
 

Figure 1: max/min/1-percentile flux (top of each panel) and noise (bottom) measurements 
across the cube, before primary beam correction (default plots produced by ASKAPsoft) 

 
robust = 0.0, no taper 

 

robust = 0.5, no taper 

 
robust = 0.5, taper = 20 x 20 

 

robust = 1.0, no taper 

 
robust = 1.0, taper = 10 x 10 

 

robust = 1.0, taper = 15 x 15 
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robust = 1.5, no taper 

 

robust = 2.0, no taper 

 
 

 
Figure 2: spectra of NGC 1385 

ellipse = [03:37:38.423,- 24d32m49.683], [ 03:37:18.228, -24d27m04.933] 
 

robust = 0.0, no taper 

 

robust = 0.5, no taper 

 
robust = 0.5, taper = 20 x 20 

 
 

robust = 1.0, no taper 
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robust = 1.0, taper = 10 x 10 

 

robust = 1.0, taper = 15 x 15 

 
robust = 1.5, no taper 

 

robust = 2.0, no taper 

 
 
 

Figure 3: spectra extracted from the beam centre, same size ellipse used for NGC 1385 
ellipse = [03:36:53.049, -24d35m24.222], [03:36:32.882, -24d29m39.095] 

 
robust = 0.0, no taper 

 
 

robust = 0.5, no taper 
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robust = 0.5, taper = 20 x 20 

 

robust = 1.0, no taper 

 
robust = 1.0, taper = 10 x 10 

 

robust = 1.0, taper = 15 x 15 

 
robust = 1.5, no taper 

 

robust = 2.0, no taper 
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Appendix D: normalized 1-percentile flux (by O.I. Wong) 
 

 


