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Space Weather Precursor Services Operations (SN-IV 2)
Ground-based H-alpha Solar Monitoring Service
(ESA SSA - SWE SN V-2 activity)

Tasks

1. Provide near real-time H-alpha images and movies on the
SWE sub-portal

2. Automatic Flare detection

3. Automatic Filament eruption detection

4. Alerting of Events / Update sub-portal

W. Potzi, University of Graz, Kanzelhohe Observato
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Observing the Sun for Space Weather prediction

® Active regions containing sunspots are centers of solar activity

® Solar flares and coronal mass ejections (CMEs) are the main sources of severe space
weather disturbances. Both are rooted in the strong magnetic fields of sunspots.

® CMEs often occur in association with erupting filaments (~70%).
® Flares and Filaments are well observed by ground-based H-alpha telescopes.

Kanzelhdhe Observatory WL ) | Kanzelhéhe Observatory Ha LASCO/SOHO C2
UNI Graz UNI Graz
(Austria) (Austria)

2003/10/28 12:35:51 UT 2003/10/28 11:40:45 UT 2003/10/28 11:30

One of the most intense flare-CME events ever observed. a) White-light, b) Halpha image from Kanzelhohe
Observatory, c) LASCO/SOHO C2 image.

W. Potzi, University of Graz, Kanzelhohe Observato
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The Patrol
Instrument at KSO

1.Drawing Device

2.Ha Telescope
3.Whitelight Telescope
4.CallK Telescope
5.Ha Eyepiece

6.Guiding Telescope

W. Potzi, University of Graz, Kanzelhohe Observato
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H-Alpha Telescope

KANZELHOEHE SOLAR OBSERVATORY (A
Ha 2012-07-05T06:56:22Z

Focal length: 2000 mm
Diameter: 100 mm

Zeiss-Lyot Filter: FWHM 0.7 A

4 MegaPixel 12 bit (patrol)
Frame selection
10 images/minute

[1 MegaPixel 10 bit (guiding),
1 Eyepiece]

W. Po6tzi, University of Graz, Kanzelhohe Observato 5/32
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Processing steps for feature recognition and alerting

Check image size and quality.
Postprocessing of the image.
Store processed image as FITS file.

Convert processed image to JPEG file.

Task 1

Send JPEG image to the web server.
Create/update a log file with H-alpha image observation time and publishing time.

Create/update javascript movie and GIF movie.

11.

12.

Tasks 2-4

13.

W. Potzi, University of Graz, Kanzelhohe Observato 6/32
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Task 1: Near real-time H-alpha images and movies

Ground-based H-Alpha Solar Monitoring Service
Kanzelhdhe Observatory

Click on window for full size display BBty o o Type S Y
and hourly images — J (Austria) Flare 1034 1039  N14E21 SF
' Flare 0908 0308  N11ESS SF Info BUtton_ for
Flare 0624 0625 N10E6O SF table entries
Flare 0521 0522  S25E32 SF

Flare and filament eruption information
Updates every minute, ongoing events
are in red color

H-Alpha Movie popup-Window

B\

» H-alpha Movie...

Weather information — updated
every 10 minutes

Clicko =le i
ih I e, o SO, O NI
- , e A~
page refresh each 80 seconds

http:\\swe.ssa.esa.int/web/guest/kso-federated

W. Potzi, University of Graz, Kanzelhohe Observato
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Processing steps for feature recognition and alerting

Check image size and quality.
Postprocessing of the image.
Store processed image as FITS file.

Convert processed image to JPEG file.

Task 1

1.

2.

3

4

5. Send JPEG image to the web server.

6. Create/update a log file with H-alpha image observation time and publishing time.
7. Create/update javascript movie and GIF movie.

8. Write input information for the image recognition algorithm to file list.

9

Analyse the incoming images with the image recognition algorithm and save the relevant information on
the detected features to flare and filament log files. Save results to summary output log file.

10. Analyse the flare and filament log files to identify flares and filament eruptions.

11. If either a flare and/or a filament is detected, save/update the calculated parameters to a file which
contains for each time step (among other supporting information): heliographic position, size, brightness
(in case of flares); heliographic position and length (in case of erupting filaments).

12. If a flare identified exceeds the given threshold and/or if filament erupts, issue/update an alert message
on the SWE H-alpha subportal. Send email alert message to predefined users.

Tasks 2-4

13. For each flare and filament alert that is provided create/update a log file which includes all the
characteristic parameters determined (position, size, importance classification, brightness classification,
start and peak time).

W. Potzi, University of Graz, Kanzelhohe Observato
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Feature recognition

1) Preprocessing: Different intensity distributions caused by varying seeing conditions are
addressed. A structural bandpass filter, which suppresses additive noise in the images on
small scales but also filters large-scale intensity variations caused by clouds and the center-
to-limb variation is applied.

2) Feature selection: a) What are the characteristic attributes of filaments and of flares,
i.e. what discriminates them from quiet solar regions (“background”)?
b) How can we efficiently model these attributes?

3) Multi-label segmentation: Assign a class/label to each pixel. Make the result
smooth.

4) Postprocessing: Every object is identified with an ID. In the time sequence of the H-
alpha images, the ID of each flare and filament identified has to remain the same.
Characteristic properties of the filaments and flares are derived to categorize them.

W. Potzi, University of Graz, Kanzelhohe Observato
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Feature recognition

Input
(raw image)

W. Potzi, University of Graz, Kanzelhohe Observato
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Feature recognition

Bandpass filter

W. Potzi, University of Graz, Kanzelhohe Observato
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Feature recognition

Large scale image
background

W. Potzi, University of Graz, Kanzelhohe Observato
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Feature recognition

Filtered image

W. Potzi, University of Graz, Kanzelhohe Observato
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Feature recognition

Assign properties

Filaments
Spots
Background
Flares

0,025

0,02 -

0,015 -

0.0l

0,005 -

University of Graz, Kanzelhohe Observato
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Feature recognition

Feature selection .
before postprocessing : :

Filaments
Spots

Background "
Flares

— cleaning, labelling and
logging

W. Potzi, University of Graz, Kanzelhohe Observato 17/32
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Feature recognition

20130818

10:2z01=213

Sample result on filament recognition on KSO H-alpha image sequence: Right:
raw image. Left: the detected filaments are outlined in color. Each filament has
an ID assigned, which is annotated in the image. Too small detections (L < 150
arcsec) and regions >60° from Suns center are not yet excluded.

W. Potzi, University of Graz, Kanzelhohe Observato
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Feature recognition — Output Log Files

Flare log file

Date Time Sun_x Sun_y Radius Id Flare x Flare y  Area Mean I rms Min I Max I Max x Max vy
20130526 071809 1046.61 1040.98 933.07 3 930.89 735.40 53 2.2507 0.1134 2.0214 2.5127 931.00 736.00
20130526 071809 1046.61 1040.98 933.07 4 1246.71 958.29 48 1.8623 0.0680 1.7507 2.0114 1248.00 956.00
20130526 071945 1046.61 1040.98 932.98 3 931.59 734.37 51 2.2550 0.1385 1.9282 2.5993 931.00 735.00
20130526 071945 1046.61 1040.98 932.98 4 1248.00 959.29 41 1.8796 0.0966 1.6860 2.1466 1250.00 958.00
20130526 072040 1046.61 1040.98 932.51 3 932.21 735.17 29 2.2318 0.1058 1.9452 2.3990 932.00 736.00
20130526 072059 1046.61 1040.98 932.82 3 933.40 734.55 58 2.2384 0.1332 1.9272 2.6114 934.00 734.00
20130526 072059 1046.61 1040.98 932.82 4 1248.76 959.26 50 1.8666 0.0776 1.6910 1.9924 1247.00 960.00
20130526 072111 1046.61 1040.98 932.53 3 933.65 735.78 54 2.2175 0.0986 2.0740 2.4530 933.00 737.00
20130526 072124 1046.61 1040.98 932.53 3 934.23 733.70 70 2.2612 0.1339 2.0473 2.6575 934.00 734.00

Filament log file

Date Time Sun_x Sun_y  Radius Id Fil x Fil y Length
20130526 063701 1046.61 1040.98 932.58 37 850.43 411.27 22
20130526 063701 1046.61 1040.98 932.58 60 931.38 531.87 31
20130526 063701 1046.61 1040.98 932.58 67 613.03 450.21 435
20130526 063701 1046.61 1040.98 932.58 82 980.89 588.05 78
20130526 063701 1046.61 1040.98 932.58 122 1480.43 672.58 91
20130526 063701 1046.61 1040.98 932.58 123 213.92 682.42 55
20130526 063701 1046.61 1040.98 932.58 145 785.22 713.16 133
20130526 063701 1046.61 1040.98 932.58 168 892.14 782.97 102
20130526 063701 1046.61 1040.98 932.58 182 675.34 826.42 102
20130526 063701 1046.61 1040.98 932.58 209 1116.57 901.65 163

W. Potzi, University of Graz, Kanzelhohe Observato
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Flare Alerts — Data processing

1. Conversion of the image recognition flare log file
) i H-alpha flare Flare area

2. Flare event extraction from converted flare log file  ELiunsziiNe in solar micro-hemispheres
3. Update information on SWE portal STubflaresl <100
4. Flare aIertlr?g 1 100 — 250
5. Alert updating

2 250 — 600

3 600 — 1200

4 > 1200
Flare areas:
Are converted to microhemispheres. | |
Correction for foreshortening and filter E;ﬁ}gﬁgare %&%‘;ﬁ'ﬁfﬁ;ldlfﬁzgﬁc)e
Brightness values: No Flare -] <0.85
after the file conversion, the brightness values for the Flaintl 0.85-2.5
different brilliance levels had to be compared with Nlormall 25_4
visually detected flares (2012-06 to 2012-08 and 2013- B[rilliant] ~ 4.0

03 to 2013-06)

W. Potzi, University of Graz, Kanzelhohe Observato
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20130501 07350

Area and brightness
evolution of a 1N flare

White Box:
Output on SWE portal

Area

Original data

Output of segmentation
algorithm overlaid on
original data

W. Po6tzi, University of Graz, Kanzelhohe Observato 22/32
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, 20130411 070511
Area and brightness
evolution of a 3N flare
Brightness

Output on SWE portal /

Original data

Output of segmentation
algorithm overlaid on
original data

W. Potzi, University of Graz, Kanzelhohe Observato 23/32
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Firefox v

ESA

About SWE

Whatis Space Weather

S5A Space Weather Activities
Current Space Weather
Service Metwork

Data Centre

Service Centre

User Domains

Spacecraft Design

Spacecraft Operation

Human Space Flight

Launch Gperation
Transionaspheric Radin Link
Space Surveillance and Tracking
Men Space Systems Operation
General Data Service

Expert Service Centres
Solar Weather

Space Radiation
Tonospheric Weather
Geamagnetic Canditions
My Applications @
SWENET

SPEMWVIS

SEISOP

SEDAT

IOHMON

EDID

Documents
SWEN MewslLettar

Coming Events

Summer School Alpbach 20132
European Space Weather Week
Site Information

Helpdesk

Contact

You are not signed in.
Sign In
Register

bsemvatorium Kanzelhihe (%) ESA - Space Situational Awaren... @ .

This service is federated via ESA by Kanzelhéhe Observatory

Bad Weather Conditions - Dome

page refresh each 60 saconds

Ground-based H-Alpha Solar Monitoring Service

Click on images for full size

Kanzelhdhe Observatory

Bagin  Max Peeition Siza

w2 1o cuents detected today (20130227)

Not enough data for movie

bl L IR e

Last update: 20130227 07:21UT

W. Potzi, University of Graz, Kanzelhohe Observato 4/32
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Flare Alerts

Flare alerts are issued when one of the following criteria is fulfilled:

1.The flare detected is of importance class 1 or higher or a subflare with an area
exceeding a threshold of 50 micro-hemispheres, or

2.the flare importance class reaches a higher class level (e.g., a flare of importance
1 evolves further to a flare of importance 2).

Yon aleti@kso.ac.at

st
Eetreff Kanzelhoehe Ohservatory flare alert 1=t Alert message

An ohsernven@kso. ac at

kanzelhoehe Observatory solar flare alert
2013-08-12T10:31Z, Flare of importance SF at S21E20

Von alert@kso.ac.at

Eetrefl Kanzelhoehe Observatory flare alert

Alert update

An ohserver@kso. ac. at

Kanzelhoehe Observatory solar flare alert
2013-08-12T10:41Z, Flare of importance 1N at S21E18

W. Potzi, University of Graz, Kanzelhohe Observato
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Filament Eruption Alerts - Data processing

1. Conversion of the image recognition filament log file
2. Filament eruption extraction from the converted filament log file
3. Update information on SWE H-alpha subportal
4. Filament eruption alerting
Date Time Lenath Position Id
20130722 061233 59 W35 N6D 4 * All pixel coordinates have to be converted into
20130722 061239 65 W35 N60 4 . . .
20130722 061244 66 W35 N60 4 heliographic coordinates.
20130722 061257 60 W35 N60 4 . .
20130722 061303 55 W35 N5 4 * The filament length has to be converted into arcseconds.
connoTEz gRlanE o eR e T : No correction for foreshortening is applied in the length
20130722 061321 67 W35 N59 4
20130722 061328 58 W35 N60 4 calculation.
20130722 061333 65 W35 N60 4
20130722 061340 63 W35 N6O 4 * Very short filaments (<30 arcsec) and filaments outside
20130722 061346 66 W35 N60 4 ° . .
0130725 061355 65 was Neo . 60° from disc centre are removed from the list. Very
PO130722 DOTA0% 62 W35 A0 ) short filaments are not of interest at all as only filaments
20130722 061411 61 W35 N59 4
20130722 061422 58 W35 N6O 4 >150 arcsec are taken into account for alerting.
20130722 061429 66 W35 N60 4 . . .
20130722 061435 68 W35 N59 4 * Filaments are sorted accordlng to their IDs.
20130722 061441 62 W35 N59 4
20130722 061453 57 W35 N59 4

W. Potzi, University of Graz, Kanzelhohe Observato
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Filament eruption

The filament with the label
L 91 disappears from the
sequence.

| _BE30 =
131617 1 325040 133545 133602
L_31 L3

This event was detected on a4
2013 March 16.

During the validation phase T

there was no eventl ﬂﬂ

- #f : _:-.' ?l‘f

L':fr @. i P e : ¥,
131817 (186" 139500 (238") 133245 (183" {33602 [ 751"

W. Potzi, University of Graz, Kanzelhohe Observato 27/32
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Filament eruption

The filament with the label
L_91 disappears from the
sequence.

L_105

This event was detected on L_10707

2013 March 16.

Plot shows the length of the
filament.

150

o
21{313-()3-161 =4
13:00:09 UT

50

W. Potzi, University of Graz, Kanzelhohe Observato 28/32
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Filament Alerts- Portal Integration

Type Begin Max  Position Size

Flare 14459 1454 19W53 F H H

1 Erapton 1352 ewer 190 Qn the SWE-Por.tfaI information about start

Flare 1353 1355 05W31  F time, mean position and average length before
Flare 1351 1353 18W5a4 ) . .

Flare 1340 1341 18W53  F eruption are dlsplayed.

Flare 0704 0830 18W50 F

Filament Alerts

Alerts are issued when the following criteria are fulfilled:
1.The filament length before the eruption is on average >150 arcsec.
2.The filament position before the eruption is within 60° from solar disc centre.

Won aleti@kso.ac. at
Eetreff Kanzelhoehe Observatory filament eruption alert

An ohservengikso. ac. at

Kanzelhoehe Observatory filament eruption alert
2013-08-19T06: 062, Filament eruption at SO8W34

W. Potzi, University of Graz, Kanzelhohe Observato 29/32
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Validation — Data Availability

June 2013 July 2013

120 : : g : : "1 120¢F ' : : : : e
D 100X %% % %% % % KK KKK KKK KKKXKER XXX KKK — (0% % X X X X %X X X KX KKK KKKKKKXKEXXX XX X %]
o e o o oot =
E 80F 7 8¢ E
g 605- — 60 -
§ 40F Total: 100% q 40F Total: 100% E
R 20F 3 20F E
Ot i - 2 : i = OE 3

0 5 10 15 20 25 30 0 5 10 15 20 25 30
2 L 5 1 o total images (10711) 9 §
o 600 [ < totalimages (7092) ] ] 600 [ © online images (10713) S 7]
“EJ O online images (7092) o ® - " oo .0 " 5 o ]
= - o 1 - .
5 400[ . g " - 400 fo o I
8 B oo ] B . 15 ° o o ]
— [+ — L —
g 200 : o g © ) " a 200 : & 8 0o i .
S | i B e : o il A 08 : : k

0 5 10 15 20 25 30 0 5 10 15 20 25 30

day of month (Jun 2013) day of month (Jul 2013)

H-alpha services are available for >90% of KSO observing time.
Starting with February 2013 almost 100%!

W. Potzi, University of Graz, Kanzelhohe Observato



KARL-FRANZENS-UNIVERSITAT GRAZ
UNIVERSITY OF GRAZ
Observatory Kanzelhohe

Validation — Data Latency

3000 £ Tl ]
E average time difference: 3.7
6 E standard deviation: 0.6 S Ap ril 2013:
max time difference: 8.0 3 .
: fgma ARz — total number of images: 5179
1000 - F
o . Apr 2013‘
2500 ¢ o 1
2000 & average time difference: 3.7
standard deviation: 0.6
1500 [ max time difference: 8.0 7 M ay 2013:
1000 E min time difference: 2.0 E .
: — total number of images: 3913
500 May 2013
ot [ ) . i
5000 : ;
4000 - average time difference: 3.7 3
standard deviation: 0.6 .
3000 ¢ max time difference: 6.0 June 2013:
— min time difference: 20 2 — total number of images: 7092
1000 Jun 2013 E
0 1 . p
8000 | ]
L average time difference: 3.7
6000 I~ ] standard deviation: 0.6 ] Ju |y 2013:
[ max time difference: 24.0 ] .
4000 | min time difference: 20 — total number of images: 10702
2000 - .
[ Jul 2013 ]
°0 ? " . ,, Forthe overall data set, the mean time difference between

time difference between observation and online provision [s] |mage Observat|0n and onllne prOViSIOn |S 4.2 i 1.3
seconds.

W. Potzi, University of Graz, Kanzelhohe Observato
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27/06
30/06
04/07

05/07

09/07

10/07

16/07

21/07

SURYA

09:38
09:11

09:21

04:26
06:57

07:38

08:327

13:27
06:20

07:07
10:11
06:41
08:25
12:16
14:13
06:05

12:07

Start time
NOAA
B09:38

09:14

B05:25

06:58

13:26
06:21

10:12
06:43
08:25
12:17

06:05

12:05

KSOv
09:38

05:01
06:57

07:38E

13:27
06:20U

10:10
06:41
08:25
12:17

14:11
06:05E
12:05

SURYA
09:41
09:33

09:22
05:16

06:59
07:40
08:36
13:31
06:32

07:08
10:20
06:44
08:30
12:19
14:13
06:08

12:23

Validation

Peak time
NOAA
u09:42
09:16

U05:34
07:03

13:31
06:43

10:16
06:44
08:41
12:18

06:07

12:23

KSOv
09:41

05:16
06:59D

07:40U

13:32
06:31D

10:20
06:45
08:31
12:18

14:14
06:08

12:22

SURYA
S16E23
S15W20

S11E45
SO8E30

SO9E30
S08wW23
S08wW24
S10w21
S14W13

S13W15
S12E03

N22W07
SO7E30

N22W09
N23W11
S06W20

S11W59

Position
NOAA
S16E25
S16W19

SO6E38
SO9E33

S12W21
S15wW13

S12E04
N23W07

SO6E31
N22W09

S08W22
S13wWe60

KSOv
S16E23

SO8E30
SO09E29

S13W18
S10w21

S14W13

S12E03
N22WO08

SO7E31
N22W09

N24W11
S06W20
S11W59

Type
SURYA NOAA
SF SF
SF SF
SF -
SF SF
SF SF
1F -
SF -
SN IN
1F N
SF -
SF SF
SF SF
1F 1F
SN SF
SF -
SN SF
SF SF

KSOv

SF

SF
SF

1F
SN
1IN

SF
SF
1F
SN

SF
SN
SF

Area
SURYA
60
74

50
87

60
156
115

82
177

72
96
61
151
51
65
59

70

W. Potzi, University of Graz, Kanzelhohe Observato 32/32
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Flare start time difference . Flare peak time difference

B NOAA EKSOv B NOAA mKSOv

o B N W B U N 0 W

| 1

0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
time difference of peak time [min]

time difference of start time [min]

The median of the start time The median of the peak time
difference when compared to NOAA is 1 difference when compared to NOAA is
min, to KSOv is 0 min. For 92% of the 2.5 min to KSOv is 1 min. For 100%
flares detected, the derived flare start times (67%) of the events the flare peak time
lie within 5 min with respect to the NOAA differences are <5 min with respect to the
and KSOv reports. reports by KSOv (NOAA).

W. Potzi, University of Graz, Kanzelhohe Observato 33/32
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