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Outline 



Coronal Mass Ejection (CME) 
Coronal Mass Ejection is an 
observable change in coronal 
structure that occurs on time 
scales between a few minutes 
to several hours and involves 
the appearance and outward 
propagation of new, discrete 
and bright white-light features 
in the coronagraph field of 
view. (Hundhausen A J et.al 
1984) 

CME seen in LASCO C3 
Credit: NASA 



The Sun Watcher using Active Pixel System 
detector and Image Processing (SWAP) 

* Field of View: upto 1.7Rʘ 
* Wavelength: 17.4nm 
* Pixel scale: 3.2”/pixel 
*  Image size: 1024x1024 
* Cadence: 1-2 minutes 

Credit: Royal Observatory of Belgium 





Automated CME detection algorithms 
On Ground: 
❏ CACTus- It uses Hough transform and detect CME bright structure motion 

(Robbrecht and Berghmans, 2004; Pant et al., 2016). 
❏  SEEDS- It isolates leading edge of CMEs by intensity thresholding thereby 

tracking CMEs in subsequent images (Olmedo et al. 2008). 
❏ ARTEMIS- It detects CMEs from the synoptic Carrington maps (Boursier et 

al. 2009) 
❏ CORIMP- It employs a dynamic CME separation technique followed by 

multi-scale edge detection technique to identify the CME (Morgan, Byrne, 
and Habbal, 2012; Byrne et al., 2012). 

On Board: 
*  Onboard automated CME detection logic for Multi Element Telescope for 

Imaging and Spectroscopy (METIS ) is proposed (Bemporad et al. 2014).  





CACTus 
*  It uses linear Hough transform to detect CMEs in polar 

transformed running difference coronagraph images (Robbrecht 
and Berghmans, 2004; Pant et al., 2016) 

Implementation of Hough transform to detect line in image. 



CACTus 
*  CACTus was initially implemented in LASCO-C2 and C3 images 

and was later extended to STEREO/COR2 and Heliospheric 
Imager images. 

Top: example of a (time, height) slice through the datacube at a given angle. Bottom: the 
corresponding ridges (set upside down) detected in this slice using the Hough transform. 
The horizontal range runs from 9 to 14 November 2003. In both panels the vertical range 
corresponds to the combined C2/C3 field of view (FOV). The inclination angle of the 
ridges corresponds to the propagation velocity. 

Courtesy : Robbrecht and Berghmans, 2004 
	



Inner-corona CACTus 
 

iCACTus 
 



SWAP image 



Uniform Background 

Uniform background prepared by using the radial profile 
Pixels	

Pi
xe

ls
	



Radial filter and disk masking 

SWAP image after radial filtering 
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CME observed by SWAP on 2013-05-01 
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* The motion filtering technique using Fourier 
Transform has been used by DeForest et al (2014) in 
order to separate the inbound waves in solar corona 
using STEREO COR-2A data.  
* The coronagraph images were converted from 

Cartesian (x, y, t) to polar (r, ɵ, t) coordinates such 
that the radial motion is in vertical direction. Fourier 
Transform of distance-time (r-t) map at each ɵ, will 
generate a k-ω map i.e. wavenumber v/s frequency 
map.  

Motion Filtering 



Motion Filtering 

SWAP image in polar coordinates 



Motion Filtering 

Height-time plot at 76 degree 
Fourier Transform of the height-time plot 
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Motion Filtering 
(=	2π/T)	

(=	2π/X)	



Motion Filtering 

After application of motion filter 
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Motion Filtering 

After application of motion filter 
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Reducing to 1-D 
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Creating CME map 

CME map created from 1-D curves 



Creating CME map 

CME map after intensity threshold of mean(cme_map)+3.25*stdev(cme_map) 



Creating CME map 

CME map after ignoring the top and bottom 10 images 



Creating CME map 

Labelled regions in CME map 



Height-time plot with intensity 
summed along width of CME 

Motion filtered image 
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•  Detect parabola of the form: 
 (y-y0) = S*(x-x0)2 

•  Parameters: y0, x0, S and θ 
(Ballard 1980). 

•  CMEs are accelerated in inner 
corona, so θ is fixed. 

•  y0 is set at 1Rʘ. 
•  x0=x-√[(1/S)*(y-y0)] 
•  Thus, a 4-D problem can be 

reduced to 2-D problem. 
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Parabolic Hough Transform 

Parameter (Hough) space for the parabolic Hough transform 



Parabolic Hough Transform 

Parameter (Hough) space after applying 0.9*maximum intensity threshold 



Parabolic Hough Transform 

Parameter (Hough) space after applying 0.9*maximum intensity threshold and morph_close 



Height-time plot Detected parabolas 

• 	Average	velocity	=	321	km/s	
• 	Average	acceleration	=	326	m/s2	
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Test Cases 



* An automated method (iCACTus) has been developed 
to detect and track CMEs in SWAP images. 
* First time use of parabolic Hough transform to derive 

the kinematics of CMEs has been demonstrated. 
* This algorithm is missing faint CMEs in its current 

form but can be further improved. 
* A catalogue of CMEs in EUV images can be 

developed after reducing the fraction of false 
detections which will be the first of its kind. 

Summary 
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