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I.  Vobs(u,v) è Idirty_image (x,y)  

Fourier Transform: 
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II.  Deconvolution 

      I dirty_image(x,y) è   

      I clean_image(x,y) ~ Itrue (x,y) 



Cleaning Process 
Interferometry (visibility) data are converted 
into images via a process called “cleaning”. 
  
Cleaning performs the 2 operations described earlier: 
 

1.  It converts the visibility (phases and amplitudes) 
into intensity distribution on the sky plane 
(Fourier Transform) 

2.  It restructures the beam (point spread function) 
of the data so that the beam is Gaussian in 
shape (Deconvolution) 



Cleaning Cycles 
•  The classic algorithm to deconvolve visibility data is the clean 

algorithm, which uses delta functions to make a model for the 
source.  

•  The clean algorithm has the following steps: 

1.  Performs a Fourier Transform of the visibility data to make 
an initial Dirty Image of the source 

2.  Identify the surface brightness peak in the map. 
3.  Fit a delta function to this position that has a value of the 

peak surface brightness * gain factor. 
4.  Subtract the delta function from the image. 
5.  Identify the next brightness peak and repeat steps 2 and 

3 (Minor Cycle). 
6.  Subtract the collection of delta functions from the uv-

data and re image. 
7.  Repeat steps 1-5 until some threshold is reached. 



Cleaning Settings 
To make an image by taking the fast Fourier transform (FFT) of the 
visibility data involves projecting the sky surface brightness distribution 
onto a regular grid of pixels. 
 

There are a number of choices to make in cleaning 
 

1.  Image plane settings 
•  Image field-of-view / Pixel size     

2.  Deconvolution options 
•  Weighting  of visibility points 
•  Maximum number of iterations and/or Stopping threshold 

3.  Spectral settings 
•  Continuum (map) vs. spectral channels (cube) 
•  Restframe for frequency/velocity 

4.  And many others….. 



 

–  The visibilities contain information from all of the 
sources in the field-of-view.  

–  Technically we should make an image that is equal 
to this field-of-view: FOV = (c / ν) / D  

–  ALMA antennas are 12m in size, so 
•  FOV = (c / ν) / D * (rad->deg) in arcsec = 
•   (3e8 / νGHze9) / 12  * (3600*(180/pi))= 
•  For ν=100 GHz, FOV  ~50 arcsec  

 

Image plane settings 
Size of the image  



Beam: Θ=λ/B=c/ν*B = 
= 3600 * (180 / pi) * (3e8 / νGHze9) / Bkme3 
For ν=100 GHz, Blongest~0.6 km:  
Θ= 1 arcsec 
è pixel size = 0.25 arcsec 
     (1/4 sampling) 

–  We need to Nyqvist sample the data when we 
project it onto a regular grid so that we do not lose 
information (Pixel = Beam/4) 

–  We can estimate beam-size by considering the 
longest baseline in our data set (e.g. using plotms 
and plotting AMP versus UVDIST) 

Image plane settings 
Pixel size 



Three standard options are used in radio interferometry  
1.  Natural: 

•  Visibilities are weighted by the data weights (the weights of data points 
in the uv plane are not altered) 

•  gives the best signal-to-noise ratio and the worst angular resolution 

2.  Uniform: 
•  Alters the weights to account for the lack of data on long baselines in 

the uv plane (thus making the uv plane appear “uniform”). 
•  Makes the resolution finer, but this will increase the noise 

3.  Briggs:
•  Intermediate weighting which allows for adjusting between these two 

extremes, depending on the value of the robust.  
•  Robust = -2 is equivalent to uniform 
•  Robust = 2 is equivalent to natural 
•  Robust = 0.5 is used in most ALMA QA2 imaging. 

Deconvolution options 
Weighting 



Fourth option 
 
4.  Tapering: 

•  Outer tapering only supported, which will reduce the weight of the 
longest baselines, thus increasing the sensitivity to the large-scale 
emission. 

•  It will increase the noise 

Deconvolution options 
Weighting 



•  Number of spectral channels in the cube  
•  Width of spectral cube channels (MHz or km/s) 
•  Velocity frame 
•  Rest frequency of reference line 

Spectral Settings 

N.B.  
•  Doppler setting is done in the project preparation 

within the OT (where reference line and systemic 
velocity of the target are set) 

•  Doppler tracking is done by the clean task in casa  
 



Hands-on Session 
 

So What do we do now with 
the 

calibrated visibilities? 



Setup: Input data  

•  Input: calibrated MS 
data='uid___A002_X87544a_X25eb.ms.split.cal’ 

•  Make sure you have ~120 Gb of HD space 
–  40 Gb input uv-file,  

–  30x2 Gb to create continuum subtracted uv-file,  

–  a few tens of Gb to make images 



Setup: script  
ScriptForImaging.py 

Edit this file as we go using your favourite text editor 

What the script 
does in steps  

The input 
parameters 



Start casa and Launch script 

Set the steps you’d like to run 

Set the spw you’d like to process 

Launch the script 

start casa  



Step 0: Inspect the data 
LISTOBS: List of scans and sources 

target 



Step 1: Inspect the data 
PLOTMS: Identify line-free channels I 

Ø  Good for 
continuum 
imaging 

 
Ø  For line imaging, 

a more carefully 
analysis needs 
to be carried 
out in the 
imaging plane 



Imaging Algorithm 

CLEAN 
•  Normal clean used widely on other 

interferometers 
•  It was used for ALMA data till recently 

TCLEAN 
•  CASA own clean algorithm 
•  faster and more robust than CLEAN for ALMA 

data 
•  N.B. NOT FULLY DOCUMENTED YET? 



Step 2: Image the continuum 
We will use the tclean algorithm 
  
Useful casa commands: 
 



Step 2: Image the continuum 



Step 2: Image the continuum 

Select only line-free data! 
(but never flag the line channels) 

The size of the image have to be at least twice 
the size of your primary beam 

set robust parameter to 0.5 
Brigg weighting (intermediate between 
natural and uniform weighting) 

You could also try setting instead:  
 robust= 2 #(natural weighting) 
robust= -2 #(uniform weighting) 

number of interactions (trial & error) 
Measured (or as requested) 

set to “standard” for single pointings and 
“mosaic” for multiple pointings 

Field or coordinates 

Always true 

Pixel size should be ¼ or less of beam 



Step 2: Image the continuum 

Here are our 
 Input Parameters 



Step 2: Image the continuum 
Cleaning is an iterative process in which three steps are 
done in each iteration: 
 
• An image is displayed. 
 
• Either the user or the program identifies sources and 
masks them. 
 
• Using the identified sources, the algorithm models and 
removes them from the image, producing a residual 
image that is used at the beginning of the cycle. 



Step 2: Image the continuum 
Cleaning is an iterative process in which three steps are 
done in each iteration: 

a)  An image is displayed 
 



Step 2: Image the continuum 
Cleaning is an iterative process in which three steps are 
done in each iteration: 

Set your clean box 

Proceed to clean  
(interactively) 

a)  An image is displayed 
 
b)  Either the user or the 

program identifies 
sources and masks them 



Step 2: Image the continuum 

a)  An image is displayed 
 
b)  Either the user or the 

program identifies 
sources and masks them 

c)  Using the identified 
sources, the algorithm 
models and removes 
them from the image, 
producing a residual 
image then used at the 
beginning of the cycle 

Cleaning is an iterative process in which three steps are 
done in each iteration: 



Step 2: Image the continuum 

More (weaker) 
emission to clean 
pops up 

parts of the source 
CLEANed away 



Set your clean box 

Proceed to clean  
(interactively) 

Step 2: Image the continuum 
…and then another 
cycle begins…… 



Step 2: Image the continuum 

Keep cleaning till you hit 
the noise level…… 

Proceed to clean  
(non-interactively) 



Step 2: Image the continuum 
Final Image 
(+clean mask) 

Threshold 0.9 mJy/beam 

Total model flux: 0.248 Jy/b 

Completed  2706 iterations 
 



Step 2: Image the continuum 

•  NGC253_cont.image 
•  NGC253_cont.image.pbcor 
•  NGC253_cont.mask 
•  NGC253_cont.model 

•  NGC253_cont.pb (renamed 
                      NGC253_cont.flux) 
•  NGC253_cont.psf 

•  NGC253_cont.residual 
•  NGC253_cont.sumwt 
•  NGC253_cont.weight 

# ‘deconvolved’ image  

# Primary beam corrected image 

# mask created while cleaning 
#image containing your model 
components (eg. delta functions) 

# expected primary beam response 
(area where the telescope is sensitive) 

# point spread function (FFT of the uv-
sampling function): Beam before cleaning 

# Residuals after the final iteration of 
Cleaning (visibility – model) 

Output of tclean: 



Step 2: Image the continuum 

•  NGC253_cont.image 
•  NGC253_cont.image.pbcor 
•  NGC253_cont.mask 
•  NGC253_cont.model 

•  NGC253_cont.pb 

•  NGC253_cont.psf 

•  NGC253_cont.residual 
•  NGC253_cont.sumwt 
•  NGC253_cont.weight 

We can look at each of these 
images using the CASA VIEWER 
Ø viewer # start the viewer GUI and 

DATA MANAGER # within CASA 
Ø casaviewer #from the shell 

command line 

Output of tclean: 



Step 2: Image the continuum 
Final Cleaned Image Residual Image 

Too few iterations (1000) Too many iterations (10000)  
and threshold <rms 

Iterations ~3000  
and threshold =rms~0.09mjy/b 



Step 2: Image the continuum 

Final Cleaned Image Dirty Image 



Step 2: Image the continuum 

RMS~0.09 mJy/b 

Image properties 



Spectral lines imaging settings 

•  Specmode =“cube” instead of 
“mfs” as for continuum (only 
options in tclean) 

•  older clean had multiple options 
(“frequency”, “velocity”, 
“channel”) 

•  tclean only supports “lsrk” (for 
clean, “lsrk” is recommended for 
galactic objects and “bary” for 

•  extragalactic objects) 



Step 3: Image a full spw 

Select all data in the spw 

•  Necessary for careful identification line-free channels (for 
continuum subtraction) 

•  Useful to identify spectral lines in a given spw 
•  The resulting cube will have line+continuum signal 

Integrate across 10 channels 
To reduce size and time 
(3840 chans in tot!) 

# Feel free to try this step in another spw 

Select the target field 



Spectral dimension settings 

•  spw Spectral windows to image 
•  specmode Spectral imaging mode (mode in clean) 
•  start Staring point of spectral cube 
•  nchan Number of spectral cube channels 
•  width Width of spectral cube channels 
•  outframe Velocity frame 
•  restfreq Rest frequency of reference line 
•  (optional) 



Step 3: Image a full spw 

Final cube with 3840/10 chans  



Step 3: Image a full spw 

Final cube with 3840/10 chans  

Beamsize 



Step 3: Image a full spw 

Identify line emission in the channel maps with the casaviewer 

Continuum Line 



Step 2: Subtract the continuum 



Step 2: Subtract the continuum 
NB: You need ~30x2=60Gb! 



Steps 5-8: Image the emission lines 



Steps 5-8: Image the emission lines 



Steps 5-8: Image the emission lines 

Masking (interactive clean) vs. non-masking (non-interactive)  


