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Outline of the talk
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m Introduction
m Researches about the Algorithm
m Test results of the system

m \What's Next?



Origin of the system —— Z¢jid
Solar Magnetism and Activity Telescope (SMAT)
K FARE Y 550 B e ) B2 e 5
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SMAT comprises two telescopes, one is for the measurements of full disk video
vector magnetic field and the other is for full disk Ha observations. SMAT began
to work with the first light at the end of 2005. In order to investigate the global
magnetic configuration and the relationship with solar activities synchronously,
we put two telescopes on the same mounting. (X4 &%)



Origin of the system-Z§itt
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m Problem (LA WIS A7 7E 11 1] i)
Routine Ha data miss the key period of a flare----the
rising phase CHIB#EE)
Data overflow blured the structure of kernel of a flare.
CEE R YD
Frame rate is too slow (i &)
= How to ......2 CHfA A7 1) i )
Detect the onset of the flare automatically

Change the parameters of the CCD and grabber
Intelligently



Grab fine structure of the flare kernel
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Aim of the system ( H#Fr)

1) High speed grab and store, with the function of Real Time
Flare on-set detecting and Exposure time controll.so as to catch
the fine structure of the flare kernel.(Fid KA. 74k, HahET
WL Z40)

2) No manual intervention, the observing software could be
more robust and effecient. (oA N L+, Haifaf#iz1r)

VEERIHE=9'®

Catch more fine features of the flare kernel, this is
Important for solar physics and space weather

forecast. (i s RBEBEAZ LA T AL RFAE, FR Sl A IR
=)



High speed solar flare
observing systems
-

m 1986, Hida grab a data set, 1 f/s
m 1989, Goddard Space Flight Center, 10 f/s

m 2000, Big Bear,30f/s, with 15s interval for every
group of data. CCD: 512X512X10

m 2003, Poland astronmer,20f/s,Ha data record
system. CCD: 512 X512X10

m 2004, Purple mountain,25 f/s,local Ha data record
system. CCD: 659 X494

m 2006, Huairou Solar Observatory,48 f/s full disk Ha
data record system, with GPS stamp. CCD: 992X 1004



Our 1deas Combination
—I— B e el L 5 = Be A VA

m Higher speed hardware (s )

= Intelligent algorithm (B REML L)

Region-based feature recognition?
Neutral Network Learning algorithms?
Support Vector Machine



Main feature of the Ha flare

—|- Hai B ) I ARk
The density of the

flare rise several or
dozens of times
rapidly in a time from
dozens to hunderds
of seconds. the
desecending is slowly.

CHe85%)




Statistical Results

060705 Class: B 3.5~7.0 060706 MEPESEZ: M 2.5, time interval: 10
inteval :1 minute, sec, rising time:300sec

07050 ass: ! Ime Iinterval : 070604 : | :10sec,
rising time :400sec rising time :300sec



Simplify the principle
S -4k 5
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m few error and never miss

m best VS reliabe




Real time flare onset detecting algorithm
SIS v X M I SRV
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m Adaptive Threshold Segmentation

Algorithm (i W [&/ 4

434D

m The optical flare classification

Mean * 2.5

15X15=225 pixels (C 5.0 above)

m X-ray flare classification

200 C class flare



High speed Hardwares

CCD  (48ii/Fh)

Imperx 1M48, 1004X992X12, 48 f/s

data pipe: 1004X992 X 2X48x96MB/S

GPS time stamp

PCI-1751 & GPS module

Graber, (& 1k528 MB/s)

XL64-Dual, PCI-64,

Max speed: 528MBytes/S

Computer, (12#%CPU, 12GWNTE, 15.7KWiZLES))
T7400 (12 core CPU, 12G memory)

RAID 0 (500G X2, 15K7 high speed data disk) ,

Record speed
NET test program: 6G Bytes/ minute, about 100MB/S



Flow chart
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High speed grab
and record. {EECCDI KR

Flare on-set
detecting and
alarm.

Exposure time “SaEE REH 2 RAA I
controll and
Cycling record Flow chart of the program



System | User interface

I Level Dark level Grab Stop

Hardware init

Flare monitor
window

Fits header




Experiment to test the Algorithm
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The lightness of the lamp Is increased from dark to
bright, and the process is recorded by two program,
one adopted the algorithm, the other not. Their results
are compared

m Process time: 16sec

m Frame rate of the CCD:

m Work mode: all data recoreded
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Test result
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Flare detecting algorithm and exp time contrl



How to controll the exposure time?

| VG B[] 25 | WA Ao 5 YR B AT 2

m Constant minus? CEEEETD

m Half? CGZRIE)
m Exponent? (F8%0%)

m Any other better?



Flare and Space weather

m How often does the flare happen?
Multiple ones a day around the solar maximum.

m How do the flares affect us?----Space weather

The energy that's released by a flare heats up and accelerates
charged particles i.e. electrons, protons and nuclei. These energetic
particles produce the X-ray, gamma-ray and radio emission that we
see during the flare

m Researches had revealed that big flares are closely related to the
geo-storms. (HIF 50 KK FHRR B AR B 25 DR O, BT DA WG IR 3T
PR AR B )



Current monitor or forecast systems

WA B B I/ TR 2R S

m  There are many Flare/CME forecast methods and system. (Jiilz
gt ik, REL ATER)

m The Air Force Weather Agency (AFWA) has begun the process of
upgrading the Solar Observing Optical Network (SOON) with an
Improved-SOON (ISOON). The H-alpha instruments at the GONG
sites have been in operation collectively since the beginning of 2011,
providing one to three H-alpha images per minute Cross-site
comparison and calibration of flare detection has begun using an
image analysis tool called SWIFT (SWFL/ISOON Flare-cast Tool). (
I E 201 1FE T4 106 R RH R I 2%, 45 il S X6k Haie i Hes il
KT R G- 2 GHaZm 5 2 XIS IE R A 45 52D



The Real Time Flare Monitor System

m The recognition algorithm Is ready
m The telescope Is operated dalily

m Embedded to the routine observation

m BAREN AU ECE + Email 457



System ||
Real Time Flare Monitor

<" £HME Ha WMFER [ Pixel data not available |




Algorithm and Conditions

+

m Primary parameters set and bad weather
judgments iz, sosdg)

m Auto Threshold segmentation «gasimssan

m Detect the flare onset and Send alert
Email creseimn, misme



Feature of the current system

m All Functions for the routine observation
CHEA % A O SR, RESE 0+ 57 P IR 4%

m Real time (seconds level) Flare onset
Detection omsmisssemtinsl, waksmEE)

m Email Alert combining Goes X- Ray CHIB 4%
EIhEe, WRAUEDT ARG EAGoes X-RayZ: 4 {5 B



Events 2012-11-21. 27
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» Xray Flux (3 minute data) Begin: 2013 May 12 0000 UTC
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Results Summary

—li 2 frames/s, Recognition Algorithm realizec

INn real

time. In the test period all the Flares above C5.0

were detected. CiiiEZR21Mi/F>, SEEFAIH .

O

N P B 18] B PN 2 & B PR {X Goes X-Ray C5.02% 1) A

EHIRE DI IR . )

m The robust of the Algorithm, to avoid error

N

cloudy weather and detect the smaller flares. (

N s G R IeA ) T

e




What’s next? F—%
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Photospheric image and chromosphere image



Sunspot monitor Z-7 15l

1) Sun spot area and position, &AL ] G FHBORDE, 7] LASE ALl Dy e ;
2) Flare area and position, KEPEAEAE R H RIESNIX, $EMBBEIR A fRE R ME.



Magnetic Field Parameters
IR ZHTH R




Magnetic Field Parameter
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HERBEH SR

The maximum area of the sunspot group indicates the size of the
sunspot group. The larger a sunspot group area is, the more likely
the group is to have a complex magnetic field and produce major
flares and other solar activities (Sammis et al. 2000) (2 FH)

The sunspot dynamics, e.g., fast rotation, and strong magnetic shear
in the related AR are of course important factors that determine the
productivity of major flares (Yan et al. 2009) (P jigh% . 5RETH) .
Hri-p )

High-gradient polarity-separation lines; the total unsigned flux.
(Schrijver,2007) (5T, ik, S i)

Helicity? CHZFE)
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Filament Monitor

1. 55 (56%) of 98 events were associated with CMEs. 94% fraction
reported by Gilbert et al. (2000) and the 84% fraction by
Gopalswamy et al.(2003) (i 2% 4% K 5 CME A4 A7 AR BORMER 1
FEAERKR)

2. Active region filament eruptions have a considerably higher flare
association (95%) than quiescent filament eruptions with only 27%
association. On the other hand, quiescent filament eruptions (85
events) are more likely to be accompanied by CMEs than flares. (JL

T T A (035 0 [X i 4% B R A5 A CME S (P

Monitor the big/Active region filaments is meaningful. C(SZES I K
I 2 BV B X I 2R AR AL, X 28 [RER A2 A 2SI



Original Data
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Recognition Data




Filament Extraction
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Summary

m With the simplified algorithm and parameters, the
real time flare monitor could detect any flare above
C5.0 on the front side of the sun in good weather.

CRAMERIRIZEE T, i EC5.04% 71 LA 15 5 AR
Al AR BRI 21D

m Sunspots and Filaments monitor function is
meaningful for space weather and will be added to
current system in future. (-7 FIRE 2% W I 2 GEK+

GREIIPN)



THANKS!
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