
Image Analysis with CASA
Jinshi Sai 
Postdoc Fellow (ASIAA, TW-ARC)

ALMA Imaging Workshop@ASIAA, Feb 13–14, 2025



Table of Contents
• Introduction to Image Analysis with CASA

• CASA Image format/Checking image header


• Statistics/Reformat of images

• Continuum analysis

• Two dimensional Gaussian fit


• Line analysis

• Moment maps

• Position-velocity (PV) diagrams

https://casaguides.nrao.edu/index.php/First_Look_at_Image_Analysis_CASA_6.6.1
*Brief tutorial is provided by NRAO:

https://casaguides.nrao.edu/index.php/First_Look_at_Image_Analysis_CASA_6.6.1


Table of Contents
• Introduction to Image Analysis with CASA

• CASA Image format/Checking image header


• Statistics/Reformat of images

• Continuum analysis

• Two dimensional Gaussian fit


• Line analysis

• Moment maps

• Position-velocity (PV) diagrams

https://casaguides.nrao.edu/index.php/First_Look_at_Image_Analysis_CASA_6.6.1
*Brief tutorial is provided by NRAO:

Some examples are here!

https://casaguides.nrao.edu/index.php/First_Look_at_Image_Analysis_CASA_6.6.1


Table of Contents
• Introduction to Image Analysis with CASA 
• CASA Image format/Checking image header 

• Statistics/Reformat of images

• Continuum analysis

• Two dimensional Gaussian fit


• Line analysis

• Moment maps

• Position-velocity (PV) diagrams

https://casaguides.nrao.edu/index.php/First_Look_at_Image_Analysis_CASA_6.6.1
*Brief tutorial is provided by NRAO:

https://casaguides.nrao.edu/index.php/First_Look_at_Image_Analysis_CASA_6.6.1


Image Analysis with CASA

Task list

Instruction for 
imaging & analysis

Google “CASA docs” or https://casadocs.readthedocs.io/en/latest/imaging.html

• CASA provides various command-line tasks for image analyses

• Advantage is you can keep log, be more exact in numbers, easily redo analyses, 

and execute many tasks once running scripts

https://casadocs.readthedocs.io/en/latest/imaging.html


CASA Image Format
• Meta data are contained in Header

• Information of observations—observing date, 

target name, etc

• Coordinate systems—absolute & pixel 

coordinates of images

• Intensity units, restoring beam size, spectral & 

stokes parameters


• CASA images typically have four axes

• Spatial coordinate (RA/GLON, DEC/GLAT), 

stokes, and frequency

• Non-polarization data have only Stokes I

• Continuum data have only single frequency point
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Checking Image Header
Task—imhead

• Meta data of images are 
contained in Header


• Usage:
imhead(image_file)



Checking Image Header
Task—imhead

• More information can be obtained 
with mode=‘list’



Checking Image Header
Task—imhead

• Various modes From CASA docs



Checking Image Header
Task—imhead

• Various modes From CASA docs



Tips for Starting up —before going into more analyses

• Type taskhelp to look into CASA tasks

• Use help command to recall/learn usage of tasks

• Visit CASA docs to learn more

https://casadocs.readthedocs.io/en/latest/imaging.html
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Getting Image Statistics
Task—imstat

• Statistical information of image is 
calculated

• Flux, maximum intensity, median, 

standard deviation, rms, etc.


• Computed information is returned 
as Python dictionary



Getting Image Statistics
• Examples—selecting box region Pixel coordinates of bottom left 

and top right corners

• Use imhead to know pixel coordinates of image 
center



Getting Image Statistics

• Examples—selecting channels

Selecting line-free channels

• Use CARTA to find line-detected/free channels



Reformat Images

From CASA docs



Extracting Sub-region of Image
Task—imsubimage



Extracting Sub-region of Image
Task—imsubimage

Rotated box Box center Box width and rotation angle



Extracting Sub-region of Image
Task—imsubimage



Extracting Sub-region of Image

Original image Sub-image



CASA Region Format

• Region can be specified in flexible 
way


• region parameter is also used in 
many of other tasks introduced 
later


• Refer to https://
casaguides.nrao.edu/index.php/
CASA_Region_Format for more 
details

region=‘box[[x1,y1], [x2,y2]]’
box=‘x1,y1, x2,y2’is equivalent to

https://casaguides.nrao.edu/index.php/CASA_Region_Format
https://casaguides.nrao.edu/index.php/CASA_Region_Format
https://casaguides.nrao.edu/index.php/CASA_Region_Format
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Two Dimensional Gaussian Fit
Task—imfit

• box (or region)—Region included in 
fitting

• For box, give pixel coordinates of 

bottom left and top right corners

• logfile—Name of log file. 

Recommended to give, otherwise no log 
will be saved.


• residual, model—Names of residual 
and model images if they need to be 
saved


• estimates—Initial guess of parameters. 
Must be provided if multi-Gaussian 
components fitting



Two Dimensional Gaussian Fit—Results

Continuum (TW Hya) Gaussian Model Residual



Two Dimensional Gaussian Fit—Results
Log file
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Moment Maps
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• 0th moment:

• Nth moment:

• Usually integration is along velocity axis


• 1st moment:


• 2nd moment:
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Moment Maps

Examples—moment 0 (integrated intensity)

• imagename—Input image


• moments—i of i-th moment 
to be computed. Multiple 
moments can be calculated 
at once: moments=[0,1].


• chans—Channels over which 
moment maps are computed


• outfile—Output image 
name

Or

Velocity range Rest frequency; use imhead to know

Task—immoments



Moment Maps

Examples—moment 1 (mean velocity)

• includepix/excludepix
—Pixel values included in/
excluded from computing of 
moment maps

Task—immoments



Moment Maps

Moment 0 Moment 1



More Moments…

From CASA docs

Refer to CASA docs for 
more details



Position-velocity (PV) Diagrams

• imagename—Input image

• mode—“coords” or “length”. If 

“coords”, use start and end 
values. If “length”, use center, 
length, and pa values.


• center, length, pa—
Center, length and position 
angle of PV cut


• width—Width of PV cut

• outfile—Output image name

From imfit to continuum

Task—impv



Position-velocity (PV) Diagrams

From imfit to continuum

• imagename—Input image

• mode—“coords” or “length”. If 

“coords”, use start and end 
values. If “length”, use center, 
length, and pa values.


• center, length, pa—
Center, length and position 
angle of PV cut


• width—Width of PV cut

• outfile—Output image name



Exporting/Importing

• velocity—If true, output fits file has velocity axis instead of frequency axis

• dropdeg—If true, drop degenerated axes (stokes and/or frequency)

• overwrite—If true, overwrite output file when same file already exists

Some more optional and useful bool parameters

Task—exportfits/importfits



Any Questions?

Thank you!


