
Abstract
Coronal mass ejections (CMEs) are dynamic events that eject 
magnetized plasma from the Sun’s corona into interplanetary space. 
CMEs are a major driver of solar energetic particle (SEP) events and 
geomagnetic storms. SEP events and geomagnetic storms pose 
hazards to astronauts, satellites, communication systems, and power 
grids. Understanding CME formation and predicting their impacts at 
Earth are primary goals of the National Space Weather program. St. 
Cyr et al. (2017) reported on the use of near real-time white light 
observations of the low corona from the COSMO K-Coronagraph (K-
Cor) to provide an early warning of possible SEP events driven by 
fast CMEs. Following that work, one of us (Thompson) created a new 
CME detection algorithm adapted from the Solar Eruptive Event 
Detection System (SEEDS) code for use with K-Cor observations 
from the Mauna Loa Solar Observatory (MLSO) in Hawaii. We 
develop performance metrics and report on the success of the 
algorithm to detect CMEs in the 2017 K-Cor observations. Measures 
of success include the ability of the algorithm to detect an event and 
the amount of time between the event onset and its detection. The 
algorithm successfully detected 20 of the 35 CMEs identified 
between 1 Jan and 31 August, 2017 in the K-Cor data. There were 10 
false positive events during this time period. The threshold for CME 
detection is discussed as a function of CME visibility, instrument 
background, and sky noise. The code has been modified to run in an 
automated mode and is in the process of being integrated into the 
real-time data processing pipeline at Mauna Loa. We report on current 
status, real-time alerts, and future upgrades.

Method
The CME detection program of [Thompson] uses the standard level 1 
polarization brightness images (pB) produced by the K-Cor near real-
time pipeline. Every 5 seconds it checks for new images and runs 
through the steps of the method described below. We use a CME 
detected on 27 March 2017 as an example throughout this 
explanation of the method.

1. First, remap any new images to helioprojective-radial polar 
(HPR) coordinates and create 5 minute running difference 
images.

2. Next, collapse the HPR difference map in the radial direction to 
look for position angles of interest.

3. Track position angle regions to determine if they persist.
4. If so, look for strong gradients in radial direction to find CME 

leading edge.

5. Lastly, the algorithm looks for evidence of upward motion by 
fitting leading edge measurements over the last 5 minutes using a 
simple linear fit that uses statistics to remove anomolies. A fit is 
considered successful and generates an alert if all of the below 
conditions are met:

1. At least 5 points are given to the fit.
2. Most of the points considered are used (more than half and 

at least 5).
3. The used points cover at least 2 minutes.
4. Time gaps between used points must be less than 2 

minutes.
5. Speed inferred from fit must be greater than 20 km/s.
6. The standard deviation of the fit must be less than 0.05 R☉.

Results
There were 35 CMEs detected by MLSO staff in K-Cor images, 
allowing the use of Normalized Radially Graded Filter (NRGF) 
images, from 1 January to 31 August 2017.

Results from the 9 CMEs from June through August are improved.

Misclassifications

Several cases for the 10 false positives were seen in the 2017 data:

• Same CME can be found multiple times, e.g., wide CME (2)
• Bright rising AR (2)
• Surge (2)
• Pointing change (2)
• Aerosols (1)
• Fringing (1)

There were also several cases for the 15 false negatives seen in the 
2017 data:

• Simultaneous, close CMEs (2)
• Jets (1)
• Possible CMEs (7)
• Slow CMEs (4)
• Bad skies (1)

Fortunately, of these cases, only simultaneous, close CMEs are likely 
to be geoeffective, e.g., if a fast CME began shortly after another 
slower CME near the same position angle.

Conclusion	and	future	work
The CME detection code found all modest to fast CMEs during 2017 
through the end of August, except for simultaneous CMEs which had 
already sent an alert. Fine-tuning thresholds for speed, width, and 
intensity should improve results.

The two main areas of further work will focus on the ability to track 
and differentiate simultaneous CMEs and implementation of an 
automated real-time mode capable of running without observer 
interaction. We can produce multiple difference movies to aid in 
detection of CMEs of different speeds. We intend to provide NOAA 
Space Weather Prediction Center (SWPC) with automated alerts 
along with GIF and FITS images within 15 minutes of real-time.

K-Cor data is accessible from the MLSO website at:
https://www2.hao.ucar.edu/mlso/mlso-home-page
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(Left) Original image L1 pB from the time the CME was detected 
mapped to HPR coordinates. (Right) 5 minute difference image.

K-Cor level 1 pB image from 
the time the alert was originated 
at 17:30:30 UT on 27 March 
2017. The CME is not easily 
seen in this image, but becomes 
apparent in the steps that follow.

Difference images of the 27 March  2017 event at 17:32:33, 17:40:08, 17:46:42, 17:50:30, 18:07:26, 18:19:35, and 18:41:34 with original image at 17:31:02.

Difference images of a false negative event on 24 January 2017. The top 
rows are differences from a fixed image (top-left), while the bottom row 
are formed from a 5 minute running difference. Different speed CMEs are 
more easily found in appropriate difference images.

Original correct detection (left) and two false positives detected 1 April 
2017. The original CME was detected correctly, but two more CMEs were 
found because different structures outside the 20° position angle threshold 
are later found.

False negatives 15 Precision 0.67
False positives 10 Recall 0.57
True positives 20 f1-score 0.62

False negatives 0 Precision 0.82
False positives 2 Recall 1.00
True positives 9 f1-score 0.90


