WP2 Update: automatic CME
identification



T2.2 - Automatic cataloguing of
STEREO/HI CMEs [Months: 1-36]

Investigate the possibility of the automatic detection of CMEs in the
heliosphere from STEREO/HI-1 images.

Never been tried before.
ROB has experience (CACTus) in doing this with LASCO and COR.

Parameters of the automatically-detected CMEs will be catalogued in an
analogous manner to those detected manually.

T2.3: comparison of both catalogues.



Application of CACTus on STEREO/HI1

%



Preprocessing

L2 images After some cleaning
(1-day backgrounds removed) (sigma_filter + filling black strips)
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Conversion to polar
coordinates

1. Conversion of HPC
longitudes and latitudes into
HPR position angle and
elongation with
wcs_conv_hpc_hpr.

2. Conversion of the elongation
into projected distance
r=DSUN_OBS * tan(elong)

Projected distance from Sun (100,000 km/px)

>

2010—04-05T14:49:01.002

Angle from solar north



Difference images

Remove noise by median filtering
in time in the datacube.

Creation of the difference images
(running difference).

Projected distance from Sun (100,000 km/px)

2010—04-02T14:08:01.003

Angle from solar north



[0, r] for each t r't S|IC€S

Extraction of r — t slices for each
angle (in reality, slices are 2
degrees wide).

[r, t] for each 6




Original data

CME extraction (1)

CMEs are seen in r-t slices as bright ridges. From the Hough transform, we keep only
the brightest points; this yields a t-v map for each angle.

Detected ridges

Hough transform
(considering speeds € [100,2100] km/s)

Filtered data



CME extraction (2)

The t-v maps for all angles are then summed along the v dimension to provide a
time—angle map which contains all the information about detected CMEs.




CACTus output

V

After some thresholding and

clustering in the previous time-
angle map, we obtain the final

detection map in which each

color

indicates a different CME.




CACTus output: CME Parameters

* Time of first apparition in HI1 images

* Propagation angle — angular width
* Median velocity
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CACTus output: Speed profile of a cme

# CME | t0 | pa | da | NoPA| SuPA| v | dv | minv| maxv
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Velocity distribution
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CACTus for STEREO/HI-1

A software package for 'Computer Aided CME Tracking' @sapted from cactus)

I h e ( :i lt; l | Og CMEs detected by CAC Tus - /A/2010/04/

Show comparison with the Manual catalog and other level images

:Issued: Fri Mar 28 @@:19:87 2015
:Product: CACTus catalogue for HI
strument: SECCHI-A Detector: hi_1
Minimal CME width: eela@

first hi_1: 2010-23-31T@@:02:01.208 20120331_000921_24hl1A_brel.fts
last hi_1: 2016-84-30T23:29:01.805 2e10e43@_2329a1_24hlA_brel.fts

#

#

# Output: Detected cmemap with the following characteristics:

#

# : CME number

# Flow number. Flows are suspicious detections,

# their color in the detectionmap is dark blue

# te: first apparition in field of view

# pa: principal angle, counterclockwise from North (degrees)

# da: angular width (degrees),

# NPA: Northernmost propagation angle (degrees),

# SPA: Southernmost propagation angle (degrees),

# w: median (projected) velocity (km/s)

# dv: variation (1 sigma) of velecity over the width of the CME

# minv: lowest velocity detected within the CME

# maxv: highest velocity detected within the CME

#
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€4 CACTus for STEREO/HI-1
A software package for 'Computer Aided CME Tracking' @sapted from cactus)

I h e ( :a l a | O CMEs detected by CAC Tus - /A/2010/04/
Show comparison with the Manual catalog and other level images
:Issued: Fri Mar 28 @@:19:87 2015
:Product: CACTus catalogue for HI
B o e m e m
# Instrument: SECCHI-A | Detector: hi_1l
# Minimal CME width: eela
#

first hi_1: 2010-23-31T@@:02:01.208 20120331_000921_24hl1A_brel.fts
last hi_1: 2010-84-30T23:29:01.805 2e10e43@_2329a1_24hlA_brel.fts

Output: Detected cmemap with the following characteristics:

CME: CME number
Flow: Flow number. Flows are suspicicus detections,
their color in the detectionmap is dark blue
te: first apparition in field of view
pa: principal angle, counterclockwise from North (degrees)
da: angular width (degrees),
NPA: Northernmost propagation angle (degrees),
SPA: Southernmost propagation angle (degrees),
v: median (preojected) velocity (km/s)
dv: variation (1 sigma) of velecity over the width of the CME
minv: lowest velocity detected within the CME
maxv: highest velecity detected within the CME
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How well does it work ?

A quick comparison of the results for 2010 STEREO-A/HI1 with the manual catalogue
shows that we were able to find more than 80% of the CMEs listed in the manual
catalogue.

However, we do have quite a lot of additional detections, which have not been
investigated yet.

And for STEREO-B ?

Much more false detections. Seems to be due to bright & dark alternations in the

images. We haven’t found a way yet to either correct the images or discard those
bad detections.

24h1B_br01.fts 24h1B_br01.fts 2L 4h1B_br01.fts 129 24h1B_br01.fts



Other issues

CME width is sometime underestimated, maybe because the CME becomes
larger while propagating in the HI1 field of view.

Merging / Splitting of CMEs

To avoid too much false detections, we have to discard detections for which
the computed width is below 10 degrees, we thus miss the narrow CMEs.



Deliverables

D2.1: Catalogue of observational parameters of HI-1 manually
identified CMEs (month 36, but 15t release month 9)

D2.2: Report on the feasibility of automatic identification of
CMEs in HI-1 data (month 12)

D2.3: Report on the inter-comparison of the manual and
automated CME catalogues (month 18)

D2.4: Report in which the manual and automated HI CME
catalogues are compared to pre-existing coronagraph CME
catalogues (month 24)




