SS90l 10-2009460

O (19) HEINZESH(KR)
(12) 55533 X (B

(45) FTYA 201930809
(11) SE¥3E  10-2009460
(24) T4 2019908905

(51) = A58 &F(Int. Cl.)

GOIF 1/16 (2006.01) GOIF 1/08 (2006.01)
GOIW 1/10 (2006.01) GO6T 7/60 (2017.01)
CPCE 3] &+

GOIW 1/16 (2013.01)

GOIF 1/08 (2013.01)

Ea Lk 10-2018-0086362

=ddA 2018'307¥25¥

A TFAA 20181307925

Ay 7eAHEA

M.G. Bobra, et al., ‘Solar Flare Prediction
Using SDO/HMI Vector Magnetic Field Data with
a Machine-Learning Algorithm’ , Solar and
Stellar Astrophysics, 2014.11,
arXiv:1411.1405v1.*

K.J. Lee, et al., ‘Solar Flare Occurrence
Rate and Probability in Terms of the Sunspot
Classification Supplemented with Sunspot Area
and Its Changes’ , Solar Physics, Vol.281,
2012.11, pp.639-650.*

sz Al olshe] Q1gW

(52)

(21)
(22)

(56)

3

il

M

(73) S31a4
738 st Aty
A7 % g9l 7|5 da 1732 (HNA%, 4
3 thstn <A 7R 2))
ke 2p
E&A
7% &RIAl FAT 4]
Ate]
B7N% &N 71T
(74) B2

%4

(72)

B22 72, 209% 1404%

gguE 1732

AA Freg 0 F 12 g AARE EaE
(54) ¥l WA SDO/HMI HE A7) 714ty gg o 24 4F FX € Wy

(57) & ¢<F

Zdo] B o= FA7F AR, AV ZHo] A o A= 29 dolHE FAlsa, H % o
(active region)o|Ae] Aol &lv}e] 2}7] wi7f¥<=(magnetic parameter)® %S &= dHoly 4 &
9 37 A7) wpslERe] g o] gste] Y] Y EF FGelA Bl Edol(solar flare)7} #AS 5SS A

Foe 38 4E BES EI

o F & - =2
100—1—— OIOoI" £4 2=
300 — gs d=s Bs
500—1— == =98 P=




SS=50dl 10-2009460

(52) CPCES|EF
GOIW 1/10 (2013.01)
GO6T 7/60 (2013.01)

FATZHFHE  2018-0-01422

v 387 & BEA R

AT el A1 3 0B 7 FAE (11TP)
AFAAY  AsAde] BEH Fu SNy A
ATRAY  AFTHEL B A% /)% AT
7 o] & 1/2

Fe71 8 ()21 22 0] 2=

A7 7k 2018.07.01 ~ 2021.12.31

o] M-S X hgt FrtAF ALY
FALFHSE NRF-2016R1A2B4013131

Sk o7 A L E AN

AT AR B 3571 4] B (KNRF)

AT AAAFAAAY (FADT)

AFIAY  mRUEPPEY 3 AF % WA/ dF AT
7ol & 1/2

F 379 EEELEICE FEPS

A7 7k 2016.06.01 ~ 2019.05.31

FANNHE : US




S=50dl 10-2009460

g Al Al

FrHY
ATE 1

2R "olHE FAsta, HY FE J9(active region)dlAe Holw svte] =7 wisR¥ESE(magnetic
parameter)®] #& &¥sh= oy 4 BE; 4

A7) A7) iR ghE ol 8stel A7) B R dGelA B Zelol(solar flare)7t AL FES AE

= B E BES XTE

471 A7) wiiSE F dd AF A X(total unsigned current helicity), & A7) Af odux Ux
(total photospheric magnetic free energy density), ¥ Al 4% HF Tx(total unsigned vertical
current), & Ao AF A=< Hgk(absolute value of the net current helicity), Aol W& A A
F Wxo] gH(sum of the net current emanating from each polarity), ¥ & ZHdl A7]Z2 A (total unsigned

magnetic flux) & A% shfo]ar,

A7) BE AE RES F84 13} S84 28 o]gdte] 4] HF Seloirt 2R FE( L)
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ay log(x) + by, for x < C

as log(x) + b, for x > C

131

)

g O ) @2 o) 1wy D2 mpa) gepa Aoy m,

A7) 27 2] dlolE]+ SHARPs(Space-weather HMI Active Region Patches) H]o]Ejo]ar,

A REe 7] SHARPs ElolH2R-E 7] B dE el 7] A wiidse gs 5
| 271 vz ghs ¥ ek,

>,
2,
N



S=50l 10-2009460

2ES Nelntosh 54 LFHN I N-Febso] BF Felojsh X-Fehnol B Felolsh wy

XAT% 6

A5l 1A,

2

71 A7) i 7] & Ad AF YA Z(total unsigned current helicity)o]az,

7] 1o 9 90)31, 237 bl% -8.30]3, A7) @2= 0 .20)31, 47] bQ—E -0.70]aL, A7) C—E 3.7¢l

A5l o)A,

A7 A7) wilS= A7l F A7l A olvA] "WX=(total photospheric magnetic free energy
density)o]aL,

7] iy o 1.401a1, A7) bl—&— -34.60)a1, A7) 2= .60l A7 b2—t— -14.20]31, A7) C—t— 24.291,

)

A3 8
A5&kel] QlojA,
A7) A7) il eE A7) & Ad =2 AF Ui(total unsigned vertical current)o]il,

7] Q1o 9 go)3, A7) bl% -28.80]3L, A7) @2x= 0. 40)31, #37) b2—5 -6.40]3, A7) C—E 13.9¢1,

A5l LA,
A71 A7) Wi A7) F A A5 A= Aigk(absolute value of the net current helicity)o]al,

A7) Al e 1 30)31, A7 bl—&— —4.10]3, A7) @2= 0 .6o)a, 47 b2—t— -1.90]1, A7) C—t— 2.891,

)
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A3 10
A5l 9Jej A,

A7] &7 wpfESEE Ay FAlC wE Al AF UE9 SH(sum of the net current emanating from each

polarity)o]al

7] A1 e 1 golm

o

o

1 Ve aggelm, ) @2 07013, 491 P2 10,0003, ) O 13201,

o] A o5 A

AT 11
A5l loj A,
A71 A7) Wi A7) F A A7]1E 3 2 (total unsigned magnetic flux)e]il

71 A1 o 1 gol31, A7) bl—&- —41.00)a1, A7) 2= 0.60)a, A7 bZ—t— -15.00]3, A7) C—t— 22.8¢91,

Edo] A 5 A,

o] BA o5 ZANA FRH= S B AF Wl SlolA,
71 2del B oS FAel 2= wlolH 4l BEol Al HolHE sk @Al
3

& &5 d9(Active Region)lAe Hojx shtel zb7] w74 (magnetic

Bgo] 7] A7) wipiae] e olgste] 7] B 2

i

=
)

A7) A7) wiEaesE F HAd AF YA E(total unsigned current helicity), & A7) AF dyux T=
(total photospheric magnetic free energy density), & Al 4% dHF Wx(total unsigned vertical
current), & AW AF Y=o dizk(absolute value of the net current helicity), =Alol w& Hj A

F Wxo] $H(sum of the net current emanating from each polarity), & & Zth A7]Z8 ~(total unsigned

magnetic flux) & A% shfolH,

4] e et WAT FEES WEHE WAL £ 1% £ 28 olgdtel 47 B Helolst By

ay log(x) + by, for x < C
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ojaL,

2AHA]
A3 17
A 158l Ao]A],

A7) A7) wiEesE F 2d AF YA E(total unsigned current helicity), & A7) AF oA T=

(total photospheric magnetic free energy density), & ZAd 42 HAF "= (total unsigned vertical
current), & AW AF Y=o dizk(absolute value of the net current helicity), =Alol w& Hrf A

=
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magnetic flux) & A% <,

o] A o5 A

HYE Zdo] 34 dF GAd #A Aor, 53] WYy Ar|FomiyH FEH Hok s 2]
vl 7} ¥ 5= (magnetic parameter)E ©| = =, DO/HMI WE 27|17 7]k
B Zdo] B4 oF 4 L Wl 3k Flot),

g7 e

B Z#of(solar flare)—E B ol A Ay s} WE ddor FE HEY &5 dd(active
region)oll Al s ojuol] Ao EZsle] thekgt HSE BAAL 5 dvk. BF = !
WHoZ A4 1) X}ﬂﬂ | L?ﬂ' 2 g5 99 5% E4J (morphological characteristics)<
A 2) &5 JA 27| B o2 RY 3 AAE o] &3 mdo] ).
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et EAS o] &3 ZYo] o= WHS AA uFe|Ydthr]=(National Oceanic and Atmospheric
Administration, NOAA)o|A A}-g-3} L=} 5} 7] W = kel Mclntosh EHHS o] &3t =
do] S oSt AT, ¥ i Aol AA sk Aola AA AU e ol y] "] &

A7} e,

g H
10
_Pi

AdAFEEH A & F AE #AF A ASE Al W (line of sight) A7 A&7 wiidl ofF&
olge Al Whek 27| HAEOEEH I AU AAE o] &3 ZElo] o mdo] MAHTE. T, Al
A e A1 AR A WE A7) (vector magnetic field)o] ofH”7] witel] xp7F WA 4= ).

201019l Solar Dynamics Observatory(SDO)El= flAdo] @AlE o #lE 2p7|de] M AES ZF & & = &
= ARE &8 5 g HAAY. o] ARE AA 27T P fAgE Alselng ) B b= WE 217
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gomyE Qe Zdol WA APdon R ANE ol gl Telo] €F WAL AHSuA B,

AHoz, ALY glo] w2 &5 JH9S 100 Mo ZFo R v, ZF 59 A ZEe #A SS5FE A
At Z7] AAbel mE Zo] HAES ALSIT. oju ABAFS BAKNOR A3 o] BAAS o]&dt
ZHo] TS BT & Qrh. 7|E FEEY ERH, A W ) JROZEE de QAE o] &3 o
B wdEze] vu HES Fe A7, £ Uy mE or nde] ool JEn Fo] AHE AS AT
AR, HEY A7 IS5 Ame ALY AN R #ASHI o] & = 7] wiFe] & Ao AdstE R
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o, ¥ WM PE EWES Fxse] ¥ wne] U4 5L 448 ARAY. 1o, S0 W
7k olelg Al gl s ARHAL BRHE AL ol 7 mRe] AAE FAF Fx TEE FA

HFAE HERdT

B odlgo] o]sk 7 9- SDO(Solar Dynamics Observatory)/HMI(Helioseismic and Magnetic Imager)ell <3 2010
d 59RE 20173 4¥71A ¢ WE A7) (vector magnetic fields)ol 71%3te] 73t Z#o(major flares)<]
A WAl BE(daily probability)ol #+3 o+ HA|7F o5 Rd(near-real time forecast model)& A|FE 4
Atk A7IA, gk E#ole Melntosh 7 MN-Sek29t X-Sgt 2 dldste Y SddE I 5
o
2

g = 1) & dAd AF YA =(total unsigned current helicity, TOTUSIH), 2) & A7] A olyA
WX (total photospheric magnetic free energy density, TOTPOT), 3) & Ao 4% AF YX(total unsigned
vertical current, TOTUSJZ), 4) & Ao AF =] ddigk(absolute value of the net current helicity,
ABSNJZH), 5) SA4el we Aol AF Wxe] 3 (sum of the net current emanating from each polarity,
SAVNCPP), # 6) & Ht) A7]1Z8 ~(total unsigned magnetic flux, USFLUX)S Egste= oAl 71x|2] A7) of
N (six magnetic parameters)E ©] 83l th. & ool A= (chronologically) HolHE F o1
w, & dE 2o FHE(EE gF)S A 70%9 vloly et dr rHle] HAEE 913 30%9] HolHE s}
Ak, d-gste Edo] WA E(flare occurrence rates)s H7Fsl7] {1t ZF mi/lge] BE FHES 100 7
o] aFor BT, Zdolel ¥ (flare identifications), & Zdlo]e] AAl LA oFi= GOES X-A =
o] 9 X](Geostationary Operational Environmental Satellites X-ray flare locations)& o]&3le] A3}
o] o3t A9-9] Fo Ade oS grh. AR, Ae Fdo] HAES A7) M 7EH Z7] wil

S AREAE et B4, Zdo] 2AE 21 F(logarithmic values) A Z T 7187
(slopes)& zte= F 7ho] ¥ WA om FFatA 2AMEAJT. =, 2 A7) i 22 g5 & 71

AL, 2 HES FL VEVE Ze Ay WA AT AA, F A
A "= (total photospheric magnetic free energy density, TOTPOT)7} #&5%H Zdlo] HAEI dH
DA E Alolol M 7MY 2 FH Al 22H(root mean square error)E HAFTH YA, F Ay
Z(total unsigned current helicity, TOTUSJH)¢} & Ad] &2 HF PDXE(total unsigned vertical
current, TOTUSJZ)7} 7F& £ TSS(true skill statistic) #(0.89) RHoF¢om, o8 TSS 2 F
g5 o E 2de] TSS gholl wla] w38 /e FXo|th. o]¢} e Aie E#o] dEE 3 ¥ FAFA
271 E4d (non-potential magnetic properties)® T84S T3 A2 & 4 ST},

2 o
T

Tk, 2 dwe d ] oA dd Atk divjEk. AA, wl A9 SDO/HMT B %17]7F dHlelHE o]

o] vpde] sk E9oj(daily major falres)ol tigt &54 odH(EE oF) 7IHE AT, &4, & 2

o o3 dr rde 73 Zgo] WAE(major flare occurrence rates)¥ WE 27 (vector magnetic
3

&

= 3
)

fields)ell 719kt SHARP #7174 v}2}v|Ef (magnetic parameters) Aol ®WH = A (power law relationship
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GOES:= 1 - 8 ArJr 0.5 -4 Agl 23 t)9(passbands) W] Bl X-AE& A&t sitd. Bl X-A Zof

(solar X-ray flares)® 1 -8 AQ] 94 )9 (wavelength bands)S zt:= X-X9 93 A< (peak flux)ell whaf
BEHET. 2 ool 20100 5YHE 20179 4974419 GOES 43 X-A Z#o} dlolE (major (M- and X-
class) X-ray flare data)E AF&3l3tt. <3k do]E+= LMSAL(the Lockheed Martin Solar and Astrophysics
Laboratory, https://www.lmsal.com/solarsoft/latest_events_archive.html)Z%E 35 7}530. & w@yo
A o] gEE dolHelE 423 Ao M-Fekx ZYlojel 24 7je] X-Fgx Zelojrt E£8E o] k. oA, N-F
gh2=9) X-Z gk~ Edo]= Mclntosh &HHe 93] #7/E Zdole S8 9vd = 3l

2) SDO/HMI<} #F7] wi7H¥A<4=(SDO/HMI and magnetic parameters)

SDOE= 20108 2AE 1AL, SDOel EAl® W] 5 HMI= full-disk Dopplergrams¥ ¥ A7) X %Z(vector
magnetograms)2 A 3-3Hc}.

HMI ®© -2 SHARP(Space-weather HMI Active Region Patches) Hlo|EE} &= A dHolg AS /L3t
SHARP dle]Eloll &= 2bsA o2 A% = HARPs(HMI Active Region Patches)®t &7 F7](el7id], 1289 F7])
= zte= ZF HARP W9 WE] A7) H¥E(distribution)®t ®] FAIA] (non-potentiality) S LoFstE 7] j
W <=E (magnetic parameters)o] E3txo] T},

N

2 2ol A= SHARP HlolH&24%E F57bed oA 7k 7] miziis, 5 1) & dd dF A =(total

unsigned current helicity) C’tOtal, 2) &= A7) A YA HEx(total photospheric magnetic free

) N : : J: .
energy density) Ptot | 3) % Au 4% AF Wi(total unsigned vertical current) Ztotal 1y % 5

) AF JAEe Ajgk(absolute value of the net current helicity) HC,ab%. 5 A & Ao AF

W9 F(sum of the net current emanating from each polarity) JZ’SUH} 6) & Hdl A7]&¢ ~(total
unsigned magnetic flux) P& w3, A7) 94 7HA 9 27 wApARe] BE A Awa Fekae of

W 19 2

1
Keyword Description Formula
TOTUSJH Total unsigned current helicity Higwear = 30| Bedil
TOTPOT  Total photospheric magnetic free energy density prot = 3 (Bobs~Bpot)? dA
TOTUSJZ Total unsigned vertical current Iy rotal = 3 | 2| dA
ABSNJZH Absolute value of the net current helicity He s = |2 Be-J5|

SAVNCPP Sum of the net current emanating from each polarity .J. sum = |ZH;r J;d.A\—HZB"‘_ JdA|

USFLUX  Total unsigned magnetic flux & =3 |B:|dA

NoTE—Constant terms are omitted.

B %22ke M (central meridian) ©ZHE A% £60% el v AzHE HF Q) HARPsS 1L

AA 7EAe] 2] uisfE4ELS JSOC(the Joint Science Operations Center,
http://jsoc.stanford.edu/)EFE =538 4= 9Jt}. Hoeksema ol o8 AS, ExaAeoMozRE HAE +60
5 dolAs 49 SHARP dlo]EoA =2 AFEE zH= I A (high-confidence pixels)e] 7M57F @A SA
A3}7] wjEo]th(Hoeksema, J. T., Liu, Y., Hayashi, K., et al. 2014, Soph, 289, 3483). T3l X A A
Al HARP= Edlol& BN 7= 9] @9 (unit) o2 IFE).
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[0055]
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olslol A=, H dhgol o AA] oo o3k (F3h) ok Zd o] ox Ed(Solar Major Flare forecasting
Model)ell #3te] “FMsHA A3t}

B Edlo] 2 gE dn 2dS JfEety] i, A Edlo] 2AET AR TEH 9] A vz Abol
o] g wAE ook At ol A BAES FHAsHy] f&l, 2 HARPel i g Edlo] A o] H(major

flare occurrence history)ell Z+a A1 e} o]0 )23t oAAl 7Fx9] x}7] w7/l G] e sk A7 2

1) Zg o] 218 (Flare identification)

Ejoke] Aroldlk b H]&(differential rotation rates)® 18] wAH Zof
ato] sholl shut o de] e AUdS wASd vl AIZRE HARPE ER1E
event)7} HARP ¥h2= o]l 91x]8k wf, 7] Zdlo] o|HlEx: A7) HARPEN-H
g, 2 ageA] BE Fdo] oWIEES AR HYPHYE 7M.

2) 8F<53 A% (Training and test)

B odgeA ARgE delH AlE ddiow 2 9] el Al(Edeld HeolH A3 H2E ey A)ow
aaigitt. &, dlolEl Aol 70%(2010d 5YH-E 2015 297X 2] HARPs)+= Zelo] o mElo] Ego]ds
3 AbgEar, dolg Mol 30%(2015d 3EHE 2017 497kA9] HARPs)E HIAEZ 9] AREH AT
welay, Egolyd "ol 251,077 e HARPs® TAE a1, HAE doEl: 108,111 712 HARPsZ TAE 4

o]
AR

T
4

) Z#o] oJi 2 e (Flare forecasting models)

WAL Zze] o R A A7) WAME F o= shtE olgdtt 6 Ao Belo] o RUES 44
stelth. 2F A7) wiwgel thstel, HARPsE Feldel BAS A Z7tol FUW Age] HRPsE 2 100
A wgew RaHvh 2 0Fe oF 2,500 ) HARPsE EgelH, ol A EARS Frld Es

lm

1
2 FAga B ¢ gk i H1A J%(G’i Yol it 73t Zdlo] WA E(mean major flare occurrence rate,

_ 7t of major flares of G;
4 of HARPs of G;

ay log(x) + by, for x < C

as log(x) + b, for x > C

kAl 2= 5 7l A AFES(fitting coefficients)S EF3T), R e 533 Zogo] wyss ousm, T

gl BE A7) e e dmad. =@, e Ao T ga WuE 7127 (lov L-value

rr
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power law slope)oli, @2 = T zre] th3k W 7197](high T -value power law slope)©]il, blTJr b2

rr

A8 A4 E(fitting constants)©] C’—‘E T o] Agk(break ¥ -value)S one = Aok, HHH =9

a,
o] 7hx o] SHARP wi7j 5ol thdh Wigsh= Alees & 20 =415

Parameter CC a by as by C RMSE

Hogotat 096 2.2 —83 02 —0.7 37 0.3
Pt 095 1.4 —346 0.6 —14.2 242 0.14
Jototal 095 2.0 —288 04 —6.4 139 0.15
Heans 094 1.3 —41 06 —1.9 28  0.10
Josum 097 1.8 —248 0.7 —10.0 13.2 0.06
® 094 1.8 —41.0 0.6 —15.0 228 0.18

NoTE—The uncertainties of all fitting coefficients are lower than 0.001.

2= A% Zo SAEY AR JHAY 2] wiARSE Alel9] (Cs(correlation coefficients, &
, A% AFE(fitting coefficients), ¥ Z#o] DA EI AT ME(fitting lines) AFo]e] RMSEs
Ak, Folx Lo s, A35A<l A3 S (empirical fitting functions)ZFE et Zdof
AEo] d=d F o). o9} T oS5 WAEZHE, Fold HFE(the Poisson distribution)E ©]-&3}4

E(flare probabilities)o] Axkd F Avt. aF &< Aol shte] Zdojrt 2y &5

(s

FAHQA o=, 20179 9€ 69 00:00r]o] F A AF YA=(total unsigned current helicity) HC"tOtal
. R |
4 6.68x10° G o) Rp(HARP 7115)7F ZAISGITE. o] HARPO] tidF Fa Sedlole] A WA HE

ly probability of major flares for this HARP) <F 64%% oS ¥ v}, wjrjs He totaly 7]z 510
A5H e Zdol BA /A o] 5SS vttt AR 20179 92 6 < HARP 7115258 WHA)
gk 73ek E@oj= 53lolth. ol9f e o Fw &E-2 SWPC(Space Weather Prediction Center)e] o & (M-
33}1\— Zdlofol ik 55% -d%_rhl X- %E]ri Zd ool g 25% SE)RT =55 & T Urk. AF, A 7HA
HARP A}7] w7l gho] SARTIA, & drd ot 6 /] ol EAZRE A 27| 24 &8 o

SH
(= )T 5 ek,

4) A7] wisfH=e] stae2 Aol 73k Zdo] WAE (Major flare occurrence rate as a function of magnetic

parameter)

23-271 ~AY(log-log scale)ol A ZF SHARP wi7R¥iS=9o] 73 Zgo] WS o) 1]
A HFSo tate] WAFLS 0.0015E oF 1707 9] HY el &3] v, 3T 204, Zdo]
o] SHARP w7l 4=E A}ole]l A# Al4=E(correlation coefficients, CCs)S 0.94HT} H11, o]

A AT Avke AE gt Eole EAE ukel o], oA 7iA Y] wisiRsEY &9 101 A& Alo]

= Woi ATh BE
g |
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dEe Yo BF dE 2 Hss A

F37] Sk, dSE HAE g dSH =5

(reliability plots)o 2 F=3art. dHe orR7F P A9, e ZF Yo RE INEEL 7

(diagonal line)ol Fo|A HUt. = 4% EE A7) wiZldGFEd digte] dizhade A b ¥RJAEES &

Alstar gk, 2 EHeA ARgE A WiAMSTES AS, BFE dZ(overprediction)ott HA o F
5

H
(underprediction)©] Ho]7l dox EFsla, 43 AFES BT g,

T3, o S5E IAEN @59 HAE Alo]d] RMSEsE ARt E o] A R=E HSe
e A5, 4 A7) v E RMSE e 3 30l AjE o] 2l

¥ 3

Parameter RMSE ROC Area (perfect = 1)

He total 0.19 0.97
Prot 0.17 0.96

§ - .22 0.97

Hc abs 0.44 0.93
olla g 627 0.93

P 0.21 0.96

1}71 wjA e SEtE 6 e dr mE F Ptot 2 o]gd dr mdo] BEy Zeo] WMAEI o3
AE Atolo| A 7 A2 RMSEE HoFRlt). o|2HE 27| A YA (magnetic free energy)7} &

uk
=
EE A Ede)E 2= H T8 AFS due AS & 5 AU

g2 F odr 2dEL o (binary) & @A <A(categorical) R EAE& 3173} x
(contingency tables)ZF-E <] thekst AT HHS AAETr. B do o3 FEX s o#d AF W
e Ao Abgete] the oi Rl vlud 4= glvk. Bloomfield 52 &% o Ais F¥xEw W
skaly] 93t AAGS A A EAT(Bloomfield, D. S., Higgins, P. A., McAteer, R. T. J., & Gallagher, P.
T. 2012, ApJL, 747, L41). ¥ &XE = FE 4o Hol= Hle} #o], TP(flare event predicted and occurred),
FN(no flare event predicted and flare occurred), FP(flare event predicted and did not occur), = TN(no
flare event predicted and did not occur)®] 7N& X&3= 4 719 Q4 (components)Z T4 = o] AT},

£ 4

Forecast

Flare Observed Flare No flare

Yes TP FN

/\o]'%% -E,—QEQ] 4 7H° J‘li% 7;:3@'—5']'0:] Q—E,—E]-‘E-y C):]]E /Ké%:_% %xé—a—]_}‘__j I‘—/l_oe]gl 5’:5(]% o ?_)‘}-95\ ' O]%— _ﬂ
3 Bloonfield 5o ANE A7NGE olgoto] HaAEE WS, ¥ ol o|F ojn wHli} b on W
B 37 A% 6 /M4 AF e AN
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PC(the proportion correct), POD(the probability of detection), FAR(the false alarm ratio), HSS(the
Heidke skill score), TSS(the true skill statistic), & SEDI(the symmetric extremal dependence index)Z
EEeE AT s 2#sIGltE. SEDIE AL 57k AT e Edlo] dEE Hrisly] fa dE ARE
o glow, SEDIE EEA ARSHARE ek Fdoj9k 2 =i o|MlE(rare events)9] RE ST 9
g zZter olek ZE 6 HA 9 AT HUF S X 59 EAIEo] gl

x5
Measure Equation Perfect
TP+TN
PC TP+FN+FP+TN 1
TP
P TP+FN 1
FP
POFD TRNIED 0
FP
TSS POD - POFD 1
9[(TPxTN)—(FNxFP)]
HSS (TP+FN)(FN+TN)+(TP+FP)(FP+TN) 1
SEDI (log(POFD)—log(POD)—log(1—POFD)+log(1-POD) 1

(Tog(POFD)+log(POD)+log(1—POFD)+log(1—POD)

F P on Aud dele sk ooz e dole A9 dele A o] AT, Feol
i mde] e delHE % delds) AT HolH® R@sE A 4TT £ Utk weA, $9%

dlele] A2 ol gate] cln mas Hlm} Aol Fasth vag A, ddeon dua doly ANHe
A7k ol dHlolE st ASS A% A< vlol¥)S |83 Bloonfield ‘s(Bloomfield, D. S

, Higgins, P. A.,
McAteer, R. T. J., & Gallagher, P. T. 2012, ApJL, 747, L41)¥} Shin %(Shin, S., Lee, J.-Y., Moon, Y

J., Chu, H., & Park, J. 2016, SoPh, 291, 897)°l 2|3 2 7l 4 o1 A3}(24 hr forecast results)S L
#atdet. o]59 oB RAEL Mclntosh /%X Mount Wilson &% EFH(sunspot classifications)ol 7]
%3}, Bloomfield & Edlo] 2 HEA v & o&E3A] Fe TFI AT FUUA ISSE Attt
olel uwhel, HA TSS #h(optimum TSS values)¥} tl-&3te JAFS F4At. A=, & Lo 9 oxn

Eg]_té_ %_ OBJEI_Tj[‘ g_ ﬂ@ﬁ]—% TSSE 71_\__ 4 7H‘4 Gﬂi UH]\’:(H total: ptOt Jz,total; alld ®)%

o ot vjaskglar, Hla Ak i 60 =AEC 8

X6

Reference Forecast Training Test PC POD FAR HSS TSS

Bloomfield et al. (2012) Probability 1988 Dec ~ 1996 Jun 1996 Aug ~ 2010 Dec 0.83 0.7 0.85 0.19 0.54

Shin et al. (2016) Flare Flux 1996 Jan ~ 2004 Dec 2005 Jan ~ 2013 Nov 0.78 0.62 0.78 022 0.37
This Work  He ot Probability 2010 May ~ 2015 Feb 2015 Mar ~ 2017 Apr  0.93 0.96 090 0.17 0.89
Phot 0092 096 091 015 088
/- 003 096 090 017 0.89

M 091 096 091 014 0.88

HC,total and Jz,total =

I 69 EAHE upe} o], 7B =& PC, POD 2 TSSE F w74 ( o] g3 &
e o8] AU, 53], B A TSS a2 T o B vl w9 HS8 & 5 . o= ¥H
Z71%H(vector magnetic fields)oll 7]Wksh ¥ dbo] 53 H-F(sunspot classifications)ell 7]Wksh Fg v
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HC,total and Jz,total SRS

=

Hoh ofg E& ATS BHAEE vt = du wmde] USS g
Bloomfield 9] ox Xl v]a] k7t ywit}. Shin 59 dr RAE 7 o FARS dA e G A vk, POD Bt}
=0 FARS HojFErh(o]o] whele], E whgeo] FAR #He POD Bul vt}). ¥ 55 3 B9 SEDIE =8 =4

of olEd FgHuR, R He total and I otal =

= wde] SEDIE H7lekqitt.
o] SEDI #& 0.960.2 F 7]

H

=59 HF m$ =2 #FE RoFddd.
T OE SHES Ut FuoeR, POD(probability of detection)”} POFD(probability of false detection)<2}
ROC 9 (ROC area)?] =X Z3F¥ ROC ZX(relative operating characteristic curve)o] AT, o 7]A
ROC 492 ROC FH41¢] 3}4- °§°ﬁﬂ§ ouste;, 4Hs orRI} o]Foj A, ROC FAL HS5 H]'Dl(bottom
left) o2 5E #A5 W $(top left)=2 o]&s & = M 9 (top right)= o]&3}A #Hrt. o] S, ROC 99

HC’,total and Jz,total oy )

23k = ]
Zdo] vlE] £& ROC F9S RojFrh., T3k, B do] o3 ojn mdl FE o
C

ER

R B

—

BT

o
H
()]
J}L
=8|
w
Ky
H
>
et
=
i)
Y
o

2 X rlo
2 B

X O

ox
)y
o

o,
= ol
B

mv)

rlo

r

.

ol

o

o

o

B FEdol u$ =2 s HAAFHY. 2 Wgo) ot or mde] A
3], HARP 71159} o]o] t-8-3}+= & A A|ZH(near-real time, NRT) do]H

N
N
olr

s

5 4] s HCwotal g lag au v ejspel 2017 9
5L PGrsldrt. © 6 GOES X-A Z8 ~(GOES X-ray fluxes)<}

AATE SN, F ool A7 g2 doly e o]8d FEL A AXHAT. o )
—z_— Zyloj7} wAYE FFS Ao 00]

. Zao] w353 X-A
MI. Fa Zeo7k wAlE . 99 5
ggo 7u 60%1 3, 519 B9 Bdolsh wARAG. ol o
oOAARE 7Nk B Zeo] BF dHe FEF HSAS B

2 o ol 32 ri £ me

>
2
fetl
N
N,
e
i
o,
o r

ol [‘lr wi
i3
ox
o
2
5

oft ﬂ
©
= e
w
9
I
_W‘_
©
m*a
g
e
LN
X
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N

N ri
offl
2

o] ol A Aw= Zo]’i]E St=do] A 84, AZE] A 24, E/EE =] A4 24 H AXEY
of 74 849 For Fdd F Uk, dE Eol, AA dECA AHE FA 2 A4 84, dE 5
IEAMAM, EEEY, ALU(Arlthmetic Logic Unit), X" 1% T =2ZAMA(Digital Signal Processor), w}o]
2758, FPA(Field Programmable array), PLU(Programmable Logic Unit), "lo|IZZZAA, T= H
(instruction)& APt FFE ¢ Ue thE owd FXof o], vt o4 HE HAFH Ee 5+ &
AFHE ol&3te] 784 + 3l D}. X%ﬂ ZPX]E 9 ZﬂXﬂ(Ol:)eratlon System, 0S) 2 471 &9 AA el
TR = Pt o] AZEY ATk EZH, AE A= AZES] A
Fete], HelHE A<, A%, =4, ﬂi] e *g*oﬁéf "FE Atk ol HYE s, A FA= ot
S Aoz Add AFE AT, ;T 7E Lokl T4 AAE 7H Ae, A" A7 55 09
gl 84 (Processing Element) R/HE B §39 Ao 845 238 & d&& & F Avh. dE =91, A
FAE B Y ZEAM e sue] ZEAAN Z st FEEHE X ¢ k. E3, WY ZEAA
(Parallel Processor)®} 72, th& 2] 4 (Processing Configuration)® 7}s3}tt.

_>ﬂﬁ>:01o_>.:_1ﬁoi‘im,

Tl

AT EY o= AFH ZE W (Computer Program), FE=(Code), B# (Instruction), EE ol F 3l o]ite]
%S XIFL ¢ dorn, dite uE sAstEF Ay AXE AU SHAeR e ZAYFH o=
(Collectively) A F2& WHT + Uvh. RZEo] BW/w= dHolHE, A FAo o] A=A A
g FX ol HE e volHE AFstr] flated, oW FFY 7|A, 74 84 (Component), EEF X, 7H
2 (Virtual Equipment), FFFE A7 wjA & 4%, &+ dAE5H= ASE 3H(Signal Wave)ol FT3Ao=,

E QAHoR PASKEbedy)E F ATh. AZEdE UEAL AP AFE AxY o] BabsolA,
A e ARAY 498 SR Ao 2zZEsle @ delgi sht ol AFE 5 s /1% 0
Aol A 5 gk

AA dlo] e wge vd AFE SO sl £3d 4 b ZRad 9y gu Fdnel AFE @
% b5 Al 7150 5 vk A7) AR 5 ks s Z2ad g, deld 3, ey Tx 5
UEos mt Fudtel 2FT 4+ Uk A7) A SHE 2209 9ye A4 dF skl 5us A
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4>

a1 FAE ABolAY HFE AZEo] FAA A FAH AHE JHEd Y FE A HFEH #E5 U}
T 715 mAe deds = gad, Z22y gad 2 2] gol=Zeh e #7] A (Magnetic Media), CD-
ROM, DVD®} #& 337]= w4 (Optical Media), Z&ElZ t]2==(Floptical Dlsk)gr e A= A
(Magneto-optical Media), & (ROM), M (RAM), ZA wxdg 53 2 L2a3 HHS AFsia FPees
5838 749 st=do] X7 23R, T2 HHe] dole Hadele] o “}qul% A 22 7]
of Rk ofyg} QIHZEY & AREEA HFE O osiA AddE ¢ e g do] Z=EE X

st=do] A= AA 4 $&E T S s o] AXEYY RERA AFiEF 74

71

qow, 1 dx mpzrpA ot}

e Ede TAE A dF FaE AEEHAoU o= oAAARD Ao Exsi, 7 Ve fofo] B4
A28 7hz Aehd o] ZE-E theFdt Wy 2 i 5E g AA «7) shssite HS <>1<>H?fL Aolth. & B,
AWE Vlese] AW By e SAR FYHAY, 9/Ee AWE AR, FxR, AR, 2 5o A
S50l Ady WY e Yu2 23 e 2FYAY, B A 84 EE FEEY 9dte] gAY
2] k=] % Ak, wEkA, 2 dgel AAS Ve BE Hee dEE 55AHH

100 : dlo]E 4 EE
300 : &E E EE
=]

500 @ & &
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