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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.

We have modified (CACTus) to work on HI data.

A full CME catalogue has been created for the whole mission and both
spacecraft.

We are comparing manual and automatic catalogues.



Application of CACTus on STEREO/HI1
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Preprocessing

L2 images After some cleaning

(1-day backgrounds removed)
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Conversion to polar coordinates

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

Angle from solar north



[0, r] for each t r't S|IC€S

Extraction of r —t slices for each
angle.

[r, t] for each 6




Original data

CME extraction

CMEs are seen in r-t slices as bright ridges by using the Hough transform.

Detected ridges

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

Filtered data



V

After some thresholding and

clustering we obtain the final
detection map in which each

color indicates a different CME.




CACTus output: CME Parameters

e Time of first apparition in HI1 images

* Propagation angle

* Angular width

e 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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CACTus for STEREO/HI-1

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

CMEs detected by CACTus - /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
istrumen SECCHI-A Detector: hi_1
Minimal CME width: eela

R

first hi_1: 2019-23-31T@@:0%:01.208 29102331_022921_24h1A_bral.fts

ast 2818-84-3a8T23:29:01.865 29108430_232981_24h1A_bral.fts

#

B o o

# Output: Detected cmemap with the following characteristics:

#

# E: CME number

# Flow number. Flows are suspicious detections,

# their color in the detectionmap is dark blue

# t@: first apparition in field of wview

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

# da: angular width (degrees),

# NPA: MNorthernmost propagation angle (degrees),

# SPA: Southernmost propagation angle (degrees),

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

# dv: wvariation (1 sigma) of velocity over the width of the CME

# minv: lowest velocity detected within the CME

# maxv: highest velocity detected within the CME

#

# CME te pa da MNoPA| SuPA v dv minv| maxv
@925|20le/e94/29 13:29| ells| ele| elle| elze| e283| eel7| ezes| @313
0824 |2018/04/25 16:49| @e9s5| 818| ea%a| elee| e272| eels| 8252| 83es
0023|2010/04/24 @5:29| elel| o14| @294| eles| e213| ee37| ezes| @295
©022|2010/94/22 23:29| @les8| @32| ©@92| ©124| e350| eez29| @3ee| 8397
0021|2010/94/22 @5:2%| eles| @43| eos2| el3e| e397| eese| @343| es2l
002a|201e/04/20 29:29| @e53| @le| o248| eess| 2389 eel?| @3s51| e4le
©e19|201e/04/20 @2:0%| @876| ©76| ©038| ©114| e416| ee37| @334 49l
0018|2010/94/19 @6:4%| @296 ©34| 0054| ©135| 2448| ee7s| @34e| esvl
8017 |2018/094/15 22:49| @e78| @16| 0062| ©878| ©330| ee47| 8239 8368
0016|201@/94/15 @8:4%| @0se| @12| ©a74| ees6| 2437 ee3l| @368 8454
0915|281e/84/13 1e:49| @28l| o54| @234| ©128| @345| @255| @21%| @983
0014 | 2018/04/12 @88:09| @lel 22| ea%a| 8112 8351 eed3| 831e| 8454
©813|201e/04/10 20:4%| @093| ©38| o9se| el18| e312| ee34| e239| e3s4
©912|2010/94/08 18:09| 9284| ©48| 0064| ©104| £249| eece| @lo9s| e4e2
0011|2010/94/08 @6:4%| @293| @58| 0064| ©122| e544| ees3| e454| @essd
@ola|2e1e/04/06 208:49| ee94| @12| o288| elee| e283| ells| e268| es2e
2009 | 201e/04/06 @4:0%| @097| ©46| ©074| el2e| es582| ez278| e416| 1264
0008|2010/04/05 12:0%| eese| o28| eo7a| oe%e| e2e8| eeeg| @25s| @285
0067 |201e/04/04 @4:09| el24| 824| ell2| el3s| e397| eesd4| e357| @562
0086| 201e/94/03 12:0%| ele2| e72| @266| ©138| ©823| elle| &571| 1le4l
@oe5|2ele/e4/02 18:0%| eled| ole| 0a96| ©112| e276| ee75| @195| @397
0004 | 2010/04/02 14:09| @883| 918| 6078| ©088| £487| ee33| 8351| 8454
0063 |201e/04/02 11:2%| el21| ele| elle| el2e| e4e9| elel| @327 62l
0202|2010/94/02 85:29| @lle| @12| elle| el22| e459| ee73| @31e| eses
000l|2010/94/01 14:4%| e11s5| @le| ella| el2a| e427| eess| @372| es44
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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 I a I 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 oo e m e m
# Instrument: SECCHI-A | Detector: hi_1l
# Minimal CME width: eela
#

first hi_1: 2010-23-31T@@:02:81.208 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 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),
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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Manual vs. Automatic

Manual A Manual B Automatic A Automatic B
Date 17.04.2007 - 15.04.2007 - 13.01.2007 - 20.01.2007 -
29.12.2013 31.12.2013 18.08.2014 28.08.2014
Total events 856 817 1501 1794
Date 15.04.2007 - 15.04.2007 - 15.04.2007 - 15.04.2007 -
31.12.2013 31.12.2013 31.12.2013 31.12.2013
Total events 856 817 1308 1556

Table 2. Events begccn 15.04.2007 and }1.12.2013. Commor| events (starttime diEers by le 2 hours, overlap

ge 60% of the miningum width).

Manual A Manual B Automatic A Automatic B
Total number 856 817 1308 1556
width >= 20 855 813 “884 1290
(width < 20) m (4) [E9E)) (266)
Poor events 144 179 - -
Events out fov 361 317 - -
Poor and out fov | 490 458 . -
events
Common events 499 404 499 404
with speed 425 328 |(425)* (328)*
estimations

*CACTus gives a speed estimation for all its detections but obviously for speed comparisons we only consider
the events for which we have an estimation in the manual catalogue.



Position angle

4949 cammon evenis considered.
(H11/A from 2007-04-15 00:00 te 2014—01-01 00:00; min width: 20; min overlop: 80; starting time tolerance: 2 hours
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Fig. 1 & 2 PA of the common CMEs (499) observed by HI1-A



Angular width

499 cormmeon events considered,
(HI1/A from 2007—04—15 00:00 te 2014-01-01 00:00; min width: 20; min overlap: 60; starting time tolerance: 2 hours
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499 common events considered.
(HI1/A frem 2007-04—15 00:00 to 2014—01-01 00:00; min width: 20; min cverlap: 80; starting time tolerance: 2 hours)
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Fig. 3&4 Width of the common CMEs (499) observed by HI1-A
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Fig 9&10 (FP) Speed estimation distribution of the common detections with a speed estimate (425)
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Fig 11&12 (SSE) Speed estimation distribution of the common detections with a speed estimate (425)
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Work on progress and future

Comparison of manual and automatic
catalogues

Initial statistical analysys
Visual inspection of events
Analysis of individual cases
Fine-tuning of the algorithm

Comparison with other catalogues
ESWW



Extra material



Deliverables

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