
WORKSHOP 2020
2-6 November 2020

Lecture #8: basic imaging of VLBI
Cristiana Spingola

INAF-IRA / University of Bologna (Italy)
spingola@ira.inaf.it

@spingola (mattermost)

CASA



Basic imaging of VLBICASA

GOALS

• Make dirty and CLEANed images from a VLBI dataset

• Visualization of the CASA imaging products

• Analysis of the results in the image plane

• Export your images (also as FITS) 
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“coverage function” of Ivan’s talk

*BUT* Check Ivan’s talk about the gain “corruption” 



CASA

Basics of a standard CLEANing process (e.g. Högbom/Clark algorithms):

1. Initialize a residual map to the dirty image 

2. Start cleaning loop: identify strongest component in residual map as 
a delta component 

3. Add this point source to the model = clean component list 

4. Convolve the point source with the beam and subtract a fraction (the 
loop gain, typically 10%) of that from residual map 

5. If stopping criteria are not reached, do next iteration 
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Finally = Convolve the model by an estimate of the main lobe of the dirty beam 
(the “CLEAN beam”) and add residual map to make the final “restored” image -- what we call “CLEANed
image” 

Image credits: DARA tutorials  (A. Richards, J. Radcliffe, D. Small)
http://www.jb.man.ac.uk/DARA/unit4/Workshops/EVN_continuum_part

_2.html
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”Undeconvolved” image (dirty image) Deconvolved image with Högbom
CLEANing algorithm

FROM THIS TO THIS



CASA TCLEAN

(it corresponds to IMAGR in AIPS)



CASA TCLEAN

select measurement set (MS)

select field (if there are multiple in MS)

you can exclude the outer noisy channels 
(if not already flagged)

If you ran applycal, you have generated a CORRECTED 
column: that’s the one you want to image!

If you split the target into a new MS using the CORRECTED 
column, then you have only the DATA column, which is the 

calibrated one



CASA TCLEAN

Select image size in pixel

Cell size in arcsec (see syntax!)

Phase center in J2000 coords
(if the source is not at the center)



CASA Image parameters

Pixel scale = cell size Field of view = image size 

Check bandwidth and time smearing
for your specific dataset 

+ primary beam  
+ expected size of your source
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(Dmax)  - you can find it using PLOTMS (amp vs uvwave) check Benito’s  Lecture (#2)



CASA TCLEAN

Ok for standard MFS cleaning
of radio continuum observations

Set max number of iterations
niter = 0 produces a DIRTY IMAGE

(= no deconvolution)

If you select niter >0 other parameters are unlocked
for setting the minor cycles, threshold etc.

MFS = multi-frequency synthesis = gridding 
different freqs on same uv-grid (it takes 
spectral dependency of the source into 
account, see Ivan’s talk)



Check out these two!

Restart =  remember to change the name of each image you create
Savemodel attaches a MODEL_COLUMN to your MS

CASA TCLEAN

Here select weighting scheme
(natural, uniform, briggs)

and uvtaper

Natural  = more weight to short baselines (à larger beam)
Uniform = more weight to long baselins (à smaller beam)

Briggs weighting: it uses the “robust” parameter, which is between -2 and 2
Note that robust = 0.5 in CASA corresponds to robust = 0  in AIPS



CASA TCLEAN

In the Logger there is the info on 
what is going on 



CASA Graphic interface: Viewer 

Select the image that you 
want to inspect:

dirty.image

(select raster image)
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CASA Graphic interface: Viewer 

This is the dirty image

This target is a 
jetted AGN that is 

gravitationally
lensed into 4 images
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CASA Graphic interface: Viewer 

Zoom/move the image

Draw rectangular, oval or polygon regions 

Zoom controls
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CASA Graphic interface: Viewer 
Panel settings

Image settings!!
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CASA Graphic interface: Viewer 

Image settings!!
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CASA Graphic interface: Viewer 

The source is not at the phase center:
Let’s zoom on the source
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CASA Graphic interface: Viewer 

Point button
To get the coordinates 
at the centre of 
the lensed images

Select PROPERTIES
(if there isn’t, go to the top menu

and select view à regions)

This is what we can put in phasecenter of tclean
to have an image  centered on the source



CASA Graphic interface: Viewer STATISTICAL PROPERTIES OF THAT REGION
Click on “statistics” in the “Regions” box

Draw a region in the image
and check its properties
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CASA

Check the logger!

Here you can read your inputs

Creating the beam: here you can
see your beam size

Make a cleaned image
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CASA

A viewer window opens

As this is the first step of cleaning,
therefore this corresponds to

the dirty image

Residual image
(dirty image   - cleaned flux)

Stop cleaning 
Continue cleaning 

Use the regions to create the mask 
(double click in the image to create the 

region)

Max num of CLEANS
per major cycle

Final residual 
brightness threshold 

to clean to

Make a cleaned image
Lecture #8 
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Note: we create a mask to help and 
speed up the deconvolution process



CASA CLEANing stopping criteria

• Number of iterations (not the best criterion as you may end up doing 
too much or too little cleaning)

• Negative peak identified

• Smallest peak identified below a threshold – which can be noise-based 
(e.g. 3 x rms)

• Visually = when your residuals contain only noise – this means that you 
cleaned all the flux density of the source
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CASA Make a cleaned image

Check the logger!
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CASA Make a cleaned image

Example
new emission at lower surface 

brightness comes out while 
doing interactive cleaning:

add a box on the new emission 
and continue cleaning

TIPS
The flux density in the logger should be always increase (as shown in a previous slide)
Change the mask if you are cleaning a negative region of the image (no boxes on negative areas!!)

The white contour 
indicates the current 
mask for cleaning

In this cycle we 
change it to include 
the new emission
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CASA Make a cleaned image

Example
The surface brightness within 
the mask (white contours) is
lower than that outside the 

mask:

this can be a good moment
to stop cleaning
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.image restored (CLEANed) image

.mask mask used during cleaning (your regions)

.model model = clean components

.pb primary beam

.psf point spread function (dirty beam)

.residual residual image (data-model)

.sumwt single px image containing sum of the weights

We can take a look at them using the task VIEWER
(Select the image à Raster image à Use the arrows in the box “Animators” to see each of them)

Inspect CLEANed image &co.CASA Lecture #8 
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CASA

.image restored (CLEANed) image

.mask mask used during cleaning (your regions)

.model model = clean components

.pb primary beam (empty because no PB correction has been applied)

.psf point spread function (dirty beam)

.residual residual image (data-model)

.sumwt single px image containing sum of the weights

Inspect CLEANed image &co.
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CASA

Put all images on the same scale 
(e.g. that of the clean.image)  
to make a proper comparison
selecting  “Global Color Settings” 
in the “Data display options

Inspect CLEANed image &co.
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CASA Inspect CLEANed image &co.

To save the image
you can use the button
“Print” and choose location and
format of your hard copy
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CASA Inspect CLEANed image &co.

Draw a region in the image
and check its properties

For example: we can draw a Polygon
to inspect the properties of the brightest

lensed image 
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CASA Export your images as FITS files

If you prefer to visualize your images using other tools, you 
can export them as FITS files
using the task EXPORTFITS

Note that the VLBI images can have the keyword 
NAXIS =  4, which is an issue for some plotting python 

modules. You can just drop the stoke axis using 
dropstokes = True (also dropdeg = True)
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