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Abstract—In the present work, computer detection code is introduced to isolate CME from SOHO/LASCO C3 images utilizing a Matlab 
code. The detection program, cmeDetect, contained various functions with detection method based on bulk detection of CMEs. 
Measurements included height, speed, acceleration, area, masse, and direction. This paper is dedicated to outline the cmeDetect code 
with its initial results. The code has many subfunctions one of which is that used for corrections of the solar size from LASCO C3 images. 
The first results showed that most height results were satisfactory but their differences, which were used in speed and acceleration, were 
fluctuating.  
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1    INTRODUCTION  

ORONAL Mass Ejection (CME) is an interesting 
phenomenon in both scientific and technological 
areas since it reveals an important solar activity. In 
particular it is thought to remove built-up magnetic 

energy and plasma from the solar corona[1]. It is defined 
as a large eruption of a hot plasma mass confined with 
magnetic field from the corona of the Sun. Various 
shapes are found for CMEs while they emerge as dense 
objects leaving the Sun. The mass can reach 1015 to 1016 
gm with speed that can reach up to 3000 km/sec [2]. 
Earlier work of Mc Queen et.al. [3,4] and later Harrison 
[5] discussed CME transients and the availability to 
distinguish transient driving mechanisms, and the urgent 
need to develop CME detection and analysis supported 
by theoretical models. Gosling [6] pointed out variety of 
solar wind observations are consistent with the concept 
of sustained 3-dimensional reconnection within the 
magnetic legs of CMEs close to the Sun. Then in 2000, 
David [7] reviewed some of the well-determined coronal 
properties of CMEs, what we know about their source 
regions, and what their manifestations are in the solar 
wind. One exciting new type of observation is of halo-like 
CMEs, which suggest the launch of a geo-effective 
disturbance toward earth. Andrews and Howard [8] 
pointed out that the causes and origins of CMEs remain 
among the outstanding questions in space physics. 
Developments of CME detection and origin continued by 
Wu  et al. [9], and Webb et al. [10-12] and others [13,14] 
using various techniques that extended from MHD 
simulation models to analyzing coronagraph data only or 
utilizing other SOHO detectors—see ref. [1] for the full 
survey.  

There is an evident relation of CME to the important 
solar magnetic field development mechanism since it is 
the dominating factor in their shape. For example, a 
recent study of the solar magnetic field showed that at 

regions about 5 Rs the poloidal component of the solar 
magnetic field decreases to about 50% [15].  

In such studies, the use of near real-time data has a 
significance. SOHO is ideal for this task since it holds 12 
functional detectors some of which have more than a 
single band of solar activity detection. The Large Angle 
Spectrometric Coronagraph (LASCO) is a wide-field 
white light and spectrometric coronagraph consisting of 
three optical systems having nested fields of view (FOV) 
[2]. The three optical systems are named C1 (FOV 1.1 to 
3.0 solar radius, Rs), C2 (2.0 to 6.0 Rs) and C3 (3.7 to 
32 Rs), with C1 being the smallest-although this 
particular detector stopped functioning since 1998. 
LASCO C3 instrument was the main source of data in 
the present work.  
 
2   AIM  
In this paper, the aim was to write a computer code that 
automatically detects CMEs from SOHO/LASCO C3, 
5122 pixel jpeg images, using Matlab. After detection 
was made, the required code must be able to measure 
the basic properties of these CMEs, namely: their height, 
time of evolution, speed, acceleration, total area and 
direction. The results are then to be compared with the 
well-known CME catalog library [16]. 
 
3    NUMERICAL METHOD 
Few image processing techniques were used in the 
cmeDetect code. The code cmeDetect, written using 
Matlab program ver. 7.8 (R 2009 a). It uses many 
subroutines and makes use of few Matlab built-in 
commands such as cell data type, region properties 
function (regionprops) and black-white boundary trace 
function (bwtraceboundary), among other functions.  See 
the next paragraph for details of this code and the 
flowchart.  
 
4  OUTLINE, RESULTS AND DISCUSSIONS OF 
CMEDETECT  
 In general, this code uses colored images as its input, 
provided from the library of SOHO/LASCO C3 
coronagraph with resolution 512 x 512 pixels.  Then the 
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program performs the process of image conversion to 
grayscale utilizing an automatic thresholding procedure 
that is based on the information obtained from the same 
image. This conversion with thresholding is performed 
using the Matlab function (rgb2gray). The conformation 
results give indication about image quality and file 
arrangement, and the preparation task provides 
determining actual solar position and size. After that, 
another conversion is made from grayscale to logic 
(black-white) scale using (im2bw) function.     
In order to grip and maintain as much useful information, 
black-white images are converted first to grayscale 
images. The threshold value was computed from a 
global level in each image. The global level is assumed 
as a normalized intensity value that lies within the range 
(0, 1). This was the only normalization made in this work. 

It should be mentioned here that the present work is 
based on a code that does not perform image 
normalization based on accumulation time (which is 
calculated from the shutter speed of the camera of C3 
coronagraph). This is mainly because the images were 
collected from the SOHO/LASCO's website image library 
in the form of (jpg) format, rather than from the raw 
images one.  
Beside this, a reference image was chosen from the 
LASCO C3 library (with the same size as mentioned 
above). This reference image was chosen such that it 
contains no CME and the minimal possible background 
noise. Such a reference image is to be used for two 
reasons in the main calculating code: 
1-To detect the actual size of the Sun.    
2-To be considered as a reference for background initial 
elimination in other images when a CME is detected.  

In the present work the CME was determined from its 
main bulk mass region as appeared in LASCO images 
and its properties were measured from the motion of its 
center of mass, as described below. Although the 
present method may bring considerable error in few 
cases, it is an method that can be programmed with 
relative ease. Error generates mainly due to the 
inhomogeneous nature of CMEs. The main body of the 
CME may become more dense than its boundaries 
because CMEs usually hover out of the Sun as a plasma 
with large mass and turbulent density. Thus, CME main 
body usually becomes more dense than its leading and 
following boundaries. Detecting the CME based on its 
main bulk mass may lead to ignoring the leading 
boundary edge and this may accumulate the error of 
calculations. This problem was approximately corrected 
in the present code by detecting the major axis length—
see below.  

Any detected bulk is assumed as a region of interest 
for the code (ROI).  Then ROI that represents the 
possible CME event is traced, and its various properties 
are calculated. Calculations include height-time profile 
for each CME, speed, acceleration, main position angle 
and mean area. In order to perform these measurements 
from each image, few parameters must be found first 

such as the time of each image and the solar size. Solar 
size is measured first in pixels and the height-time profile 
is compared with the solar size which was previously 
determined in the same code. The code flowchart is 
given in Figure (1).  
 
4.1  Measuring the Solar Radius  
Since used images were with resolution (512 x 512), 
then it would be expected that the center of the Sun lies 
at the center of the image, i.e. at pixel (256,256). 
However, this was not the case. From careful inspection 
of any image from LASCO of the year 2002 using the 
Matlab image tool (imtool) it was found that the center of 
the Sun lies exactly at x=247, y=260 pixels; with intrinsic 
(measuring) error of ± 1 pixels for both dimensions as 
given in  Figure (2). In this figure, the center of any 
image from LASCO is magnified by the ratio 1600%.  
The green semi-circle is the detected boarder of the 
white one. This shape was detected using the main 
program using the boundary trace function 
(bwtraceboundary) as described below. This time the 
radius of the detected (green) circle is calculated from 
the previous step as well as the center of the green 
circle (xc, yc), then data were regenerated using the 
equation of the circle: 
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Figure (1). The flowchart of the code cmeDetect. 

 
 (x+xc)2+(y+yc)2=r2, where r is the radius. The red 
crossed lines are the lines representing the center of the 
Sun, found at xc=247, yc=260 pixels. The yellow 
crossed lines are the lines plotted exactly at the center of 
the image, x=256, y=256 pixels. Only the white circle 
exists in LASCO images, while all other (colored) shapes 
were plotted using the Matlab code.The detection of the 
white circle shape was made by detecting any 
continuous shape near the center of the image, i.e., 
around the pixel point (256,256). After the program 
senses this shape it starts to trace the outer boundaries 
of it. Here, the main program uses a function found in 
Matlab called the boundary trace function 
(bwtraceboundary). This function is able to determine 
the geometrical properties of any continuously 
connected bulk shape in a black-white image. In the 
case when this shape is a rough circle, this function 
calculates the circle's center and radius. These 
information were not directly used in the program, but 
they were used to perform a simple curve fit to find the 
parameters of a smooth circle that is concentric with the 
original white circle and with the same radius. The fitted 

circle is shown in Figure (4-1) as the thin red circle laying 
at about the boarders of the original white circle.  

The error (err) in determining the position (xc, yc) is 
obvious from the difference between the yellow dot at 
the center and the point of the red-crossed lines. That is 
~ 1 pixel, and it exists due to the fact that points must 
occupy at least a single pixel, and during the calculation 
the center (yellow dot) is at (xc, yc) while the lines cross 
at (xc+err, yc+err). Although the error seen in this is 
apparently less than 1 pixel, but it is assumed as (1 
pixel) since this is the least possible error value in 
determining a single point in an image.  

The solar radius is measured from the reference 
image and it can be assumed that its size does not 
change in other images-see the next paragraph. The 
solar radius is an important parameter used during the 
calculations performed by the code, since this code aims 
to detect CME different spatial features based on their 
distances and sizes compared to the solar size. Thus, 
the solar size is first detected in the code to find its value 
in pixels. Then, since the solar diameter is previously 
well known, one can calculate the conversion 
parameters from pixels to kilometers (or to meters, or 
even solar radii). After this any measurement that is 
made by the code is easily converted into distance units 
as required. This is shown in the example of Figure (3-a 
and b). 

Regarding the pervious assumption about fixed 
measured solar radius, however, it was found that 
selecting other reference images resulted in values that 
were as large as 9.9707 pixels. Selecting few images for 
this procedure showed that no radius values were less 
than 9.6700 pixels, and no values were higher than 
9.9707 pixels. Therefore, the error assumed in this part 
is between  3.11 % to 3.02 %. The mean value is 
assumed as 9.8204 pixels, and it is the value used in the 
rest of this work. This value comes with a round-off error 
1.53% from both maximum and minimum detected solar 
radius values. This error value is small enough to be 
neglected, therefore in practical applications the 
previous assumption about fixed measured radius can 
be considered. However, in this work, this error will not 
be neglected, and the mean value of 9.8204 pixels will 
be used to represent the solar radius with error ±1.53%. 
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Figure (2). The center of any image from LASCO, magnified 1600%. 
The white circle exists originally in all LASCO images and this 
represents the actual circumference of the Sun.  The green semi-circle 
is the detected boarder of the white one from the main program. The 
thin red circle is the perfect circle plotted from the green semi-circle 
smoothed points. The red crossed lines are the lines representing the 
center of the Sun, found at x=247, y=260 pixels. The yellow crossed 
lines are the lines plotted exactly at the center of the image, x=256, 
y=256 pixels. Only the white circle exists in LASCO images, while all 
other (colored) shapes were plotted using the Matlab code. 
Furthermore, the diameter of this circle was also roughly measured 
using the Matlab's (imtool), as seen in Figure (3-c). The shown value of 
the diameter was 18.91 pixels, indicating that the radius is 9.4550 
pixels, which is less than the minimum detected value from the code. 
 
Since are images are treated as matrices in Matlab, then 
it should be kept in mind that the entire program uses 
integer pixel values. In fact any image processing 
technique takes this as granted fact. This means that 
practically there is no value of 9.8204 pixels in the 
image, but this value is assumed for length conversion 
because it reflects the program ability to define lengths 
in meters rather than in pixels. This assumption is 
considered in order to minimize the error that associates 
with the program. 
 
4.2   Filtering the Images 
A CME is recognized as a distinguished, large and bright 
object leaving the Sun. Thus in order to develop a 
computer program that is able to detect a CME event it 
must be able to isolate any large and bright objects 
leaving the Sun. The isolated object must be recognized 
from the background found in the image. Therefore, 
careful isolation of the region of interest should be made 
by removing any unneeded details in each image. This 
task is made in four steps in the present program as 
described below: 
 

 

 

Figure (3-a). The image 20130114_0706_c3_512.jpg. This is assumed 
as a reference image to detect the solar radius.  
 

 

Figure (3-b). The estimated solar radius is 9.670 (in pixels) from the 
same image 20130114_0706_c3_512.jpg. This value corresponds to 
the solar radius 6.958x108 m. However, the value 9.8204 pixels is 
used-see below. The solar measured radius from the reference image 
was 9.6700 pixels.  
 
First: Erasing of Descriptive Information Areas  
Each C3 image has descriptive information such as the 
location of the Sun and the date of the image. The solar 
position is annotated by a circle at the center and the 
date at the lower left side of each image. Both of these 
areas are completely erased in the grayscale image of 
C3. The circle at center of the image by (248,230) , 
(280,230), (280,260) and (240,260). The region of date 
at the lower left side of the images by (1,480), (512,480), 
(512,512), (1,512). 
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Figure (3-c). Visually-measured solar diameter using imtool of Matlab 
indicated that it is 18.91 (in pixels) from the same image used in 
Figures (3-a and b).  
 
Second: Images Main Cleaning  
A cleaning procedure is performed for all the images. In 
this step, each one of the images is subtracted from a 
reference image as mentioned in the aforementioned 
paragraph. This reference image is chosen previously 
for when there are no significant CME events.  

It should be mentioned here that in this work it was 
found that the current method of choosing a reference 
image to subtract the selected images from is better than 
the method of running difference for selected regions 
around the occulting disk, as described elsewhere [17]. 
The present method performs faster and more 
accurately, and it assumes equal weight for the entire 
image since it is assumed that the whole image 
represents an area of interest. The examples illustrated 
in Figures (4) below show the results of cleaning 
procedure from this work. In order to achieve fast 
performance, the code was written such that it uses an 
initial background subtraction from as clean as possible 
reference image from LASCO C3. Any extra noise in the 
targeted image is compared with that noise in the 
reference image, if there is a difference and if this 
difference was large, the noise is assumed as a useful 
data and left out in the targeted image. See more details 
below. However, if the noise existed and it was not large 
it is then deleted from the targeted image before filtering 
the image. Such a process guarantees fast removing of 
fixed points in the background (far stars) and eases the 
removal of the occulting disk in the center of the image 
and date in the bottom left side.  

The example given in Figure (4-a) shows how an 
image is easily and quickly cleaned up after subtracting 
it from a reference image. An important thing to be 
careful about is that after this process, all pixels are 
logically tested such that any pixel with a value not in the 
(0,1) category is rounded to the zero level. By this it can 

be ensured that the resultant image will still has a logical 
format consisting of (0,1) values only.  
 

 

Figure (4-a). The resultant image from the cleaning procedure used in 
the present work for the image 20130110_0054_c3_512.jpg. No 
filtering nor thresholding were performed yet, but the middle circle and 
date were erased. 
 

 

Figure (4-b). The resultant from the treating the same image using run 
difference for selected areas around the occulting disk. No filtering nor 
thresholding were performed yet, but the middle circle and date were 
erased.   
 
Third: Spatial Filter Application  
The resultant image is then filtered using spatial filter, 
then eroded to clean up small isolated objects. The filter 
used in the present code was an average filter. The 
resultant image from the previous step is stored in a 
matrix K. This is first tested, pixel by pixel, to detect any 
possible value of (-1). This worked if K(row,col)==1 and 
tested as if they are (-1), if so the pixel value is reset to 
zero. The result is stored in a vector, e.g., 
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B1(imgNumber, row, col) of the binary image. This is the 
vector which holds the pixels of difference for each 
image, considering the entire image sequence. This 
matrix is made using a matrix concatenation. After this 
the basic filter procedure is made. This is achieved by 
detecting where (1) is present, then test if the following 
six pixels (up and down) are (0)'s. If so, then the code 
replaces the (1) with a (0) in the matrix K, otherwise it 
aborts because it may mean that this block of pixels is a 
large block which might be a CME.  

After this the code uses STREL and IMERODE 
functions with specified square shape, (2x2) pixels. The 
STERL function of Matlab creates a morphological 
structuring element that is proper for image erosion. The 
selected vector was chosen as a square one. This vector 
is made to put a small square of zeros centered at the 
remaining pixels of value (1). When experimenting few 
other procedure, it was seen that this method works 
smoothly with the best final results. Although Matlab 
comes  with a verity of filters, the present method 
showed much better results than the pre-programmed 
Matlab filters.  

 
Fourth: Fast Normalization  
A simple normalization procedure was finally made for 
each image in the sequence. The resultant image was 
ran through a thresholding procedure and tested for 
isolated objects. This step is described before with 
enough details.  
 

 

Figure (5-a). Image 20021202_1818_c3_512.jpg after black-white 
conversion only. No other treatment was applied to this image. 
 
4.3  CME Detection  
This is the key aim of the cmeDetect code. Each one of 
the image files is now assumed to be sorted in 
ascending manner, has its time stored, properly filtered 
and clean of unnecessary details, and has a proper 
(normalized black-white) format. Then each of these 

images are being input to the main procedure of the 
code where the CME is to be detected. 
 

 

Figure (5-b) Same 20021202_1818_c3_512.jpg after black-white 
conversion and subtraction from the reference image. The middle circle 
and date were erased. 

 

 

Figure (6-a). One of LASCO C3 images of the event of early day 13-7-
2012. This is the 6th image in the sequence. 

 
Detecting CME from LASCO images is an operation 

that requires special attention. For example, Vršnak et 
al. [18] discussed that white-light emissions that appear 
in coronagraph images might have a blob-like shape 
with speed range 102-103 km/sec; yet they may not be 
always generated from CME events. Thus the present 
code used a selection criterion from which the user can 
determine what size of the feature is considered and 
which one is ignored.  
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Figure (6-b). The same image after filtering and preparation. 
  

As mentioned before, the detection is made from the 
isolation and tracking of bulk mass areas in the image. In 
Figure (6-a) the event started in the early day of 13-7-
2012 is shown, and the image after processing and 
preparation is shown in Figure (6-b). In this example it is 
seen how the program focused on the only bright objects 
representing a possible CME event. The detection of the 
present code is sensitive to few parameters as the size 
of the strel vector, the horizontal and dimension of the 
object and thresholding of the image.  

Once each of these images is fed to the main 
procedure of the code, any possible CME is detected. If 
any image contains such an object, the program starts to 
follow its time development and measures 
simultaneously the following parameters. The following 
parameters are measured from each image for the entire 
filenames of a single CME event: 
1. Time development of each image. Time is stored in 
minutes. Difference time ∆t is calculated as ∆t  =  ti+1 – ti 
was also calculated and stored, where ti is the ith time of 
each image obtained as described before. The 
maximum value of i represents the number of CME 
event images. 
2. The height of the CME edge from the solar center. 
These values are corrected by subtracting one solar 
radius value in order to obtain the height from the solar 
surface rather than the solar center. The height 
measured in the present code, H, is assumed as H = 
Hc.m. + C/2, where Hc.m. is the center of mass height of 
the detected object and C is the length of the semi-major 
axis of the detected object. The value of Hc.m. alone, 
apparently, contains a considerable error in height 
determination because the wanted value must be from 
the outer (leading) edge of the detected CME to the 
solar surface (or center). Therefore, the object semi-
major axis, C, is also measured in the main code for the 
detected object and half its value is added with Hc.m. See 
the Figure (7).   

 

Figure (7). Any detected object in the LASCO C3 images is assumed 
to have semi-major and semi-minor axes, C and B respectively. The 
distance of the leading CME edge is approximated by adding C/2 to 
the center of mass height.  
 
3. The direction of the line between center of mass of 
the detected CME and solar center point is 
calculated. This angle is then transformed such that it is 
being measured from the solar north and with direction 
of counter clockwise. This transformation is made in 
order to obtain comparable results with the CDAW catalog 
[45].  
4. The area of each CME is measured. The value of 
this parameter is measured with (pixels2) and then 
converted into (kilometers2) using the same conversion 
parameter mentioned before.  
After these steps, the main code directs the results into 
subfunctions to calculate the following parameters:  
5. Speed. The speed is calculated from dividing the 
matrix containing CME heights by the matrix containing 
time difference. The resultant speed would also be 
stored in a matrix form. CME speed is calculated as 
km/sec. 
6. Acceleration. The speed matrix goes through a 
difference procedure by the time difference matrix and 
the result is stored into the acceleration matrix. CME 
acceleration is calculated as km2/sec2. 
 
Next, the numerical results of the code are presented for 
a single example and discussed with a comparison to 
CDWA catalog.  
 
5 CME EVENT OF 04/12/2002 AT TIME 1:33:00 
The results are shown in the Figures (8-a to d). The 
figures are arranged as before. In Figure (8-a), it can be 
seen that after about 3 hours the CME height raised 
suddenly from 7Rs to about 9 Rs. CME height linearity 
this time is less dependent on time specially at high 
altitudes where from the present results it is shown that 
speed decreased at about this point of time as shown in 
Figure (8-b).  

Another remark is that te height of CME resulted in 
decreased values at about the end of the calculations, 
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which obviously declares that there is an inconsistent 
results. This behavior is due to the nature of the present 
code which, as described before, depends on 
determining the bulk mass of the CME as a detection 
method.  

In this case it can be noticed that CME height 
developped almost linearly with time till time ~ 150 
minutes then almost constant value was reached at time 
between 150 to 250 minutes, followed by a sudden 
acceleration that took place till time of about 300 
minutes. This remark, combined with the results of the 
date 01-12-2002 given above, indicates that the region 
that lays at about 5 to 15 Rs acts as an acceleration 
region for CME.  This effect was suggested earlier [14] 
where the reason was suspected to be either due to 
solar flare associated with CME eruptions or with 
interplanetary medium. Alsawad [14] mentioned that "if 
the bulk of acceleration takes place in interplanetary 
medium, then the interplanetary shock driven ahead of 
the CME is the major accelerator and hence the flare 
part in acceleration will be a minor or even not at all an 
accelerator, according to some studies."  

The persent height values were, in general, much 
higher than correspondent CDAW values till about time ~ 
300 minutes, then dropped below that value as seen in 
Figure (8-e). From this figure a linear fitting  showed that 
the speed value was calculated as 262 km/sec while 
CDAW value was 301 km/sec, giving an error value to 
present result of about 13%. This was by no means 
better than the mean average value of CME speed taken 
from Figure (8-b) which was 140 km/sec and error 53%. 
Acceleration results also indicated this generally, as 
shown in Figure (8-c). The mean average value of 
calculated acceleration was about 2.1 m/sec2, and that 
from CDAW was 2.65 m/sec2; thus the present 
calculation was in general agreement with the standard 
catalog value within an error about 20%. The mean 
position angle measured in this example was 315 
degrees and that of the CDAW catalog was 339 
degrees, which means that the error in the present 
calculations was about 5% only.  

 

 

Figure (8-a).The present results of CME height of the event 04/12/2002 
at time 1:33:00. 

 

 

Figure (8-b).The present results of CME speed of the event 04/12/2002 
at time 1:33:00. 

 

Figure (8-c).The present results of CME acceleration of the event 
04/12/2002 at time 1:33:00. 
 

 

Figure (8-d). Height and its derivative from CDAW [16]. 
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Figure (8-d). Height and its derivative results of the event 04/12/2002 
at time 1:33:00 compared with CDAW results. 
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