624 F6i N = S Vol.62 No.6
20214F11 1 ACTA ASTRONOMICA SINICA Nov., 2021

doi: 10.15940/j.cnki.0001-5245.2021.06.001

ET =0 B2 1Ea0 H E Y B

AL MiRET BRTE FEED gAHR! ZEER!
(1 BHEIA¥ERIEZS Bs1¥IK B¥ 650500)
2 HEMLA¥HEEE R IEF IR B 650224)

HE B RYMFHH (Coronal Mass Ejection, CME) & —FFIZIN K HIERILR, ©2
WHAT B RS (A3 ™ ELEN, #Emsm AR A BN ETCMEM K = R, %8
AT 7 vE SN BICMER I b, R 45/ AL HEFE 23 fESOHO (Solar and Heliospheric
Observatory) oK A i H %ﬁ((Large Angle and Spectrometric Coronagraph Ex-
periment, LASCO) C2# [H B RG0S BL K RFERERE, Mo Pk 52 H i 5070 3R 19 58 2 i 55
SR )5 % R CMEIZ B 7 AR (W I ) 2 3 1, AT 25 BR IECMEZE #4) (W1 B2 01), 19 2 8 28 ar il
g seIG R, DL T B YR EE 4 47 0 (Coordinated Data Analysis Workshop,
CDAW)F il 25 S B Uk i, Fr4 75 vE A AE R I CMES & b be vH 501 4 Bh BR R 3 1
£l (Computer Aided CME Tracking Software package, CACTus) 1A BH#% & H 4R &R
%i(Solar Eruptive Event Detection System, SEEDS)A 34, i&7E CME 10> /1 FE F1 7K £
T SR E A EE S 40 B 1 L CAC Tus MISEEDS B 52 CDAW H 5t 5 % {.

KR KFE: AEYIEMS, KR BGLE, Bk =ENEFHHME
FESES: P182; SCEIFIAM: A

1 5|5
H %4 ii#il 5+ (Coronal Mass Ejection, CME) A& X FHTE JL2 80 2 JL/NsF P 1A T 2 B
AR RE R ) — PR R BRI G, 7 23 8] 9 55 R R EE KB /1. CMES| E H 58 F
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RN, BRE [ 2K 5 5 RO R BHAT H 3R JZ R S & (Solar and Heliospheric Observatory,
SOHO), HHh3 &KL & (Solar Terrestrial Relations Observatory, STEREO)PI 254
B H B A TE X CMEZEAT KU, AR, 35 5 R0 FH O BH R8I0 T 2 5 1 R 3 B
R & (Advanced Space-based Solar Observatory, ASO-S)45bE K B 72, sl 3 E oK
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WANIA FICMERL I A E R 73 RS — 2R BT N T Fahn i 77 v,
WA 43 M7 0 (Coordinated Data Analysis Workshop, CDAW)) (61515 [# 77 22 5256 =
(Naval Research Laboratory, NRL') H 3, CDAWHINRLI) & B WM 5% H Z A% 1
H % R AT A B, @k N TF s, il iCME B 5%, A TFahbr i 7 v 3 %
WEEH AN A H F T CMEE &, &K I7E 5 2 WIN 5 EW g H T/EEE 2
FERS. R E R ER T EAL A S, 2R IEE— e R E LR R A L
TR 2= B2, R B 1T 29 N T BIRRCA. PRk, R TR B B A B ) 5 VB
A 26 0 Jo s ik ke ) B B

BT ENL A B A B 7 RSO LAy R BA AR BT OIRERRAE 1 T 1A &
T QLR AE 1) 7 v BT R IR VE RO T 2 ) (9 U7 V5. 20044FERobbrecht 558 gy I 42
vk EAL B B 5 v h BN B BR ER K A 4 (Computer Aided CME Track-
ing Software package, CACTus), 1% /7 ¥2: Fl| F CME# Jx B (1) 9 22 2 B0 20 1 R ik B s
g F Ak, 38 B R AR 4 52 ICMERS M5 20064EQuiE M B 1% 48 T8 45 2 F1 AR 4L
WA 1) 7 VR AE B A AL BR R R R MICME; ColaninnoZF10ia i % it v2: 52 B X5 CMERY
A6 I AN BR B 20085 Olmedo%5 MU H K BH 4% & F 45 I & 4t (Solar Eruptive Even-
t Detection System, SEEDS), % % 4t Fl F &4 43 #1 52 KR 78 ) A4 br o SEILCMERS
;20095 BoursierZ: 124 H (Automatic Recognition of Transient Events and Mar-
seille from Synoptic maps, ARTEMIS) /2%, 1% /712 SOHO #4530 1) K A kit H %
{¥(Large Angle and Spectrometric Coronagraph Experiment, LASCO) C2H % &% 2% #
F274 B (Synoptic Maps), MZEA B FF H 3 B & LUG M CME; 20104 GoussiesZE 1314
P e T K B L AR AR R ) AE S HUE B I CME 43 #1777 (CORonal Segmentation Tech-
nique, CORSET). B J&, X H L — 257 (ICMER I J5 7%, w3 T /K 1 5 F1 35 4 [X 35
9 7 v AL B 3 B A B A O vEDOLL TR A m HniEDS T 38 B3R (Adaptive
Boosting, AdaBoost) 1] R FELT 18 BT MBR 2% SIHLI T L0 BT BRI M 4%
(1153 2R T735: 2022 DL K 1 38 B Y 5 2 2] 7 8 4

FIREE TR A B AL B 7 VR 2 B AR AR — g ). B, B TR FERFAE T
1%L CACTusMISEEDS S #K I 52 B 39 5 1) 77 2ok R th H % R 1 SELCMEX $5%, B3
FRCME H AR X 35, t38 5 JECME X 301 5 B2, HL PRS0 FR0E AT DA U o] {32k BCAN [R]
ERF, FEIHFOTIEER ISR FAETERKZE R ShimEELO AT DU H 2 EUG 51
TR R E R R, BB REiEah), feffieiash ] B8R X, HEXTHz3)
AUFRERIGHCME, HATM R ERRCRE 2. ok, Yemivhih FR 2%, FERTEK, Joikin
JE SRS TR SR T4 2] BRI 5 vk R0 i B A I L AR I 08 AR N
42022026 Z ATk TR A B 1 7 302 S) OMESRHE, R 7 22K N TARE M
H % BHR B a4, 1K E N ThRyE i B % BUR B A v B B AN T ERRA R, 7
BT I B T7 AU = — s B2 UL, SOEAS I 45 2R 1 S O H B 22

CMEF Z ML AMRERHE, 5 R ANWISZ, Mo Buzs). S0 S 1) 55
ghp A, fEEMG ) b, CMEA H 2 BEH S SRR, SO R R840, BF
Tl EYE. AN, FERE4ERE -, CME 2L H 4 8k ris stk as, B i e 52 .

!NRL: http://lasco-www.nrl.navy.mil/index.php?p=content/cmelist
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FER RS R, ARSOR B F AT A S AN BICMER I, $ H —Fh s & 2 i) 2%
RV H B BTSSRI V5. AR (M 4R b SR 3 1 S5 R A B RS 1 F 25 1
FUBRASIN 7 325, ook SRl 1] B8 PRIG AT 2 1) 2 2 R ALE SR B, 4538 H 28 PR 0 2 (] S 25 1 A
I [ ZE JBE b, R P = 22 70 3R B[] 28 1 R iRIECME R IZ s Re i, i [, 42
(AR 25 PEEAT Bl A, A H BB . A SO R IIELER. ASCOHE R EA L
F%ﬁﬂ)ﬂﬁmmmﬁ“a FVE, BERS AN B N T H SCDAW i i I CME, A5l
HeE A (2)X CMEREE BN CAFIH], BB R S 055 T2, Rl e A
few; (3 RMCMEJT 3, EmESIESE, LN BHERA.
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Fig.1 Flow chart of the method in this paper
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AKICHEILASCO C2MIA 1512 x 51245 2 EIUGAE Ny Sz it s uﬁ&ﬂﬂﬁ%ﬂ
B E] 43 $82% 812 min, B TSOHO TLE#EEINLASCO H ZAXAE BUE I 22 3 E A
Eﬁkﬁ$ﬁiﬂki%fﬂﬁﬁ%ﬂﬁhﬂ%?ﬁm.@IA&KHHE@MMW@
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TR BH A& —Fh B X FR 544, CMERT & it 72 K 2 i 2 shifs & el A8 3, T
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Fig.2 Examples of LASCO C2 corona image (left) and corresponding polar coordinate image (right)

TEAR 22 FE B 53 i 7 15, G5 R A B 43 AR 28 (Structured Matrix Decomposition,
SMD) 26 (i Fil W 72 46 ¥ 240 SRR b G 3, 51 N A 3z 4 1E DU 00886 K 55 5 A S 2 IR 1) 22 5
FREEERSESRERS X, HizoBEmr. wHZEGEPHWNHERE AR, W
T2 B F AT B ARCRR AR B LANRR B B S . 1 Jext H %6 BUR PEAT RPAE SR X, 3715
NSO, IKJE AGRHESE, 205 ] B A Mk AR I8 504 (Simple Linear Iterative
Clustering, SLIC)PT B 513 2| G R ep,, i NG RIMmS. SE0E. KE. &
SRR E IR AR PSR R G, SSMDBLRIHT SR, B AT B VA U1 )
K. Horr, SMD#&ERL N (1) A fs:
ming, g V(L) + aQ(S) + BO(L, S), )

st. F=L+ S,

KH, U(L) R AR, H AR TUAR TS Sc i [ A7 Rk 125 (6], Q(S) Fon T 45
MM LRI, 3= EEAE F A& MR B A6 B P e v T i 2 18l 5 R-IER R, ©(L, S)FRR AL
FIEIE, PSR RARRREE B ARG B 50 MR S P8 5 1 7 2 [ A B BE S, o BN ALHE
Z ¥, FIFASE )5 1A% (Alternating Direction Method, ADM)ZU5 (1) 20K Ak, 752108
KEREFXS N LR LS. B3 A8 H SMD & 7 CME 2 1) 5. 2 KR g i FE .
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AT RFERAERLIN, I B S SRAUK B 5 25 M A B PR e DR AR N 1 B I
BPRFERR AN LT 501,
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Fig.3 The flow chart of solving the CME space saliency map with the SMD algorithm. The tree
structure in the figure is an index tree. Node G represents the image block obtained by image
segmentation, d represents the depth of the index tree, j represents the j-th node of the current layer,

and ng4 represents the total number of nodes in the current layer.

K4 SHRRTIRERRE, ERHEX IR R .

Fig.4 A schematic diagram of coronal streamers interference, and the area enclosed by a rectangular

frame represents coronal streamers.

RIECME 5 Z I BT 23032 3 J8 M0 22 5, I FH I 1) 3 285 1 v DAHERR R i 4,
T SE A HE R HBAS I HH CME. SKEUZ 3 B brig s J& s 107536 a Wi 22 ik, =iz
MRS SWIZEAE R S, W S AR AN URE, T N R AR A & T
H % B, A SR Sengars BU Bt il = i 22 405 R Bl & 55 HLZ%L% a5 FIH H 2K
G IHT— M5 J5 — MIFE B TR 4 B = AR 1S B 22 57, BEAR 20 2 EUCME fr B [ J 35

P =i 2243 Bl CMEZS I .35 M 7] R 9

Dt = ’S&lt — Salt_lf y
-Dt+1 = |Sa1t — Salt+1| s
SalT = Dt N Dt+1 s (3)
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Hrbr, Dy5 Dy 73 3R BB ol H 5 MR B35 K Sal, A3t — 10 2 18 Sal,_ H 2270 45 R
DA St iSal, M55t + 1MiSal, 2 73 45 R, Salp R A~ 2 o WG T i B 5 15
FIMEIR, HRrSaly 2t BI{E 7 F1 )5 13 2= 1 2 25 K BSal

1, if Salp > T,
BSaly = Hor (4)
0, others,

Hep, TRRDEIRE, SLRPIT = 0.7. H(4)zNAT 50, H4BSalr KIME N1, A4
ZWHICME, *4BSaly HIE NOK, FRi 5, HITECME.

2.4 FAIE

I =it 22 3 v H 2 BG4 T 25 i) B2 YRl G 5, A H SR CME H A5 7] BEAF
TEH A 2 DA, XA HE FICME X 384T I A S A3 it — DA A il 45 51

F fb G s i 2B 1 H g RS IN HE I CMEE X 3B Sal i3 47 T2 22 AL PR

Sw = (BSalr e se) ose, (5)

SwRNGE R A EE S 2 e R H R ER X, <o N SRIEEHET S, <" A8
BARBERT S, seRRBUATA AR R0 H AR X387 A2 I, B (5) 30k
TR, AR RIBON BRI CME X 3.

3 SLWHERSHR

ASCHISLI AT R : CPU: Intel Xeon E3-1245 v5 3.5 GHz, RAM 32G, #:/E £ 4;
AWindows 10 644067 TR, dFEia T8 AMatlab R2017a. A< DL AL [F] I B A4
) H 8 B FIE s B B, DAXT S A CDAW A T H S8 v R uE, 5 FE R a3
K 75 :CACTus. SEEDSZE 5 £ 3047 Xt bt SRIGIEAS S 71 A 2.

3.1 CMERENEE S

CMER R A5t b J& T — A 73 24155, O 1 5 n 4 i hoxd B A R R 7 v A 25,
FEIX B85 & T PAN T H SR CDAW Ny ZE #E I CMERS AT 55 Hh 5 FH B 2 4 DL S PAN 4
br. EEAH: EPHME(True Positive, TP)tLEFCDAWKS I £ CME [ [7] o 048 %5 b 77 46
W2 R PH M (False Positive, FP)tRICDAW A A I 2 CME ) [R] B AE bE 7 v E s I 2]
T YIE (False Negative, FN) 1 EICDAW A I 2 CME ¥ [R] i E X bb 77 72 3 AR AR I 21
FLEA T (True Negative, TN)X BANE ], T 285,

I bR 2 AT DTS 23 2R AT 55 v R AT A 8] 28 (Recall)s H 15 % (Precision )
F1{H (F1-score) S AN faAx. LA T J5VECDAW K EHERT, 74 [a] 5 sz Huft H AH xof 22 v 5 v
(ARSI &5 5L, T Lo 77 vEAS tH I CMERT o5 LU, B Ar 4 28 5 28 S i HA X6 LG 7 6 i ke H
FICMEH, HSLCMERT & Lo, RIS AEZR; FUEZ X A B2 58 i 2 B APy, oK
N F0-12218). CMER P bR R 1.

FMRJEIR T AL T7 155 N T J7CDAW K H il )7 7:SEEDS.  CACTus?E
P9 BCI 1) H 22 G 51 v ks il ) CMEES 5 DA SAH B ) 2 SRAs i . b B 4

59-6
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B TR bR AR, A SN2 (Total number of detected )7y Al J& AN [F) 5 V278 S50 £ 4 vF
Xof ISR 1) B AR e 0 S CMEE 4.

*1 CMEMMNTEM R EiER

Table 1 Performance evaluation indexes of CME detection method

Assessment index Formula
Recall TP/(TP + FN)
Precision TP/(TP + FP)
Fl-score 2 X Precision x Recall/(Precision + Recall)

2 TERERIF ARG ESEINGE R (LLICDAW A EE)

Table 2 Comparison of results obtained by different detection methods in time
period I (based on CDAW)
Detecting algorithm CDAW SEEDS CACTus Ours

Total number of detected 44 118 34 50
TP / 11 9 19
FP / 107 25 31
FN / 33 35 25
Precision / 0.0932 0.2647 0.3800
Recall / 0.2500 0.2045  0.4318
F1-score / 0.1358 0.2307  0.4042

3 TERTEIERITF A RN 5 A BRI RS RITEL (LLICDAW R EE)

Table 3 Comparison of results obtained by different detection methods in time
period II (based on CDAW)
Detecting algorithm CDAW SEEDS CACTus Ours

Total number of detected 25 33 11 35
TP / 7 5 15
FP / 26 6 20
FN / 18 20 10
Precision / 0.2121 0.4546 0.4286
Recall / 0.2800 0.2000  0.6000
F1l-score / 0.2413 0.2777  0.5003

MU T HZCDAW RN HES % H ), it L2 R 3 CME > K8 I $i5 b 7]
PLAE H, AR S0 VA AE 5 BE [R) Y B9 CMIEAG I HE A 26 (8 BD A [81 25) 88 i T HoAh % b
i, K REF LA B T ik, MR TICMES & FF, MR T HAh XS b5k, A
TrEBAS T BRI CMER M 43 28 R . 7E R3] LLE 2], CACTusk: B K BRI =, H
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FOAT I AE T 2R B, RO IR AT A 22, T AR SOV 1) A Bl ZRAH X SEED A CACTus
H0.3210.4, MEEARIEAN 8 ARF VR B vl AR BLA S i AR 4. hah, KRR R3IE fE
F A IEERNCME S AN 407 TH Z8E 2 T A\ T H X CDAW, X Al gg il T A Tid 3%
CDAW H FEH B A7 75 Ny 32 00 PR 25 B0 W s v 72 67 1 R A TR AR S5 . AR 2T
DA B 7E I (8] BEOY (8] & A= 1 H %8 BUE T 51, SEEDS 732 i il 21 (1) CMEA £ i %2
M CACTus TR 2 ) CMEAE0R X 458/

7E [ — A CMEBE & F2H, CMERS R ()75 AR A R A8 4k. BAT % T SEEDS H
SEHERE, KIMEXTFR—ANCMEIN 5, JH G5 aHE sl EA — 5 &R A7
A KIELRZER, SEEDSS KA % 5 10 5 i Al sk — NCME, M S 8RR, X
FESEEDSHT K 2] () CME /M %2 T-CDAW M CACTus H ¥ HAH 1 — > HE JF A

A3 7 R AE I 1) BT 2014-01-19UT01: 361 ZI 46 1] — /> vhoes /1 S9181°, £ 58 )&
N36°[ICME. SEEDS H 3% 7 1% i ZI| fff i & il 5 CMEK £, {HSEEDSH H 1= 1 8
AMCME. SEEDSTE2014-01-19UTO01:368F ZI A Il th — 4> oh O 3 1710, ff1 %8 FE N6°1
CME, H 41w} 7] £2014-01-19UT02:00, 7£2014-01-19UTO1:48%5 I H — A4S0 F1 N
180°, £f T8 J& N25° ICME, . FF 42 7] £2014-01-19UT02:36. 38 i W % 73 B 7] 1, 2
52 FSEEDSHT E i #5 N CME N [H—ANCME, BT CMERfR [ 4S, A kA1,
K 7 SEEDS R 5 AT 78 ASEEDSTE R (8] B HF AR CME & A = K6 1 il 1%, 1%
K HSEEDSE M2, B 72 F A NCMESI &S E: % 40 (8] (Time_Diff ). 78
fA(PAs). =% (Height, HAHRsAE KPR HAE). Bl6 Ay &l 2% CMELE
HALNR TS HEEG TR ERE, B AR EE XS ACME.

K 5 SEEDS#R]. & EASEEDSE2014-01-19UTO1: 36K i Hh L1 BE M 171°, 1965 H6° ICME; £ E
NSEEDS#£2014-01-19UTO1: 48K A0 f1 5 N 180°, A1 %6 B N25° FICME. B, 4060 «47 Z/RSEEDSIANZIX
BN R CMERHMER X, Kt “+” FRSEEDSIANIZ XA AT fE £ CME [ X 5.

Fig.5 An example of SEEDS misdetection. Left: a CME with a center angle of 171° and an angular
width of 6° detected by SEEDS at 2014-01-19UT01:36; right: a CME with a center angle of 180° and an
angular width of 25° detected by SEEDS at 2014-01-19UT01:48. In the figure, red “4” indicates that
SEEDS considers this area to be an area with obvious CME characteristics, and purple “+” indicates
that SEEDS considers this area to be an area that may be CME.

W 30T %0, 76 B A BOIF, CDAW H S48 I #1257 CMEDSE 4, A< 3¢ J7 3246 1l
FI35ANMCMEZF A, A7 7EK M 154 5CDAW H s E —F I CMES4F, LA T H
SECDAW NFEUERF, A5 IR i $0% T SEEDSMICACTus.
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2014/01/19 02:12 2014/01/19 02:48

6 A EE2014-01-19UT01:36 ZIHHLA N K CMER /3 B1G F51m & B, B A 5 T X808 A ST 3460
HICME.

Fig.6 A schematic diagram of the partial image sequence of the CME detected with our method near
2014-01-19UT01:36, where the white fan-shaped areas represent the CME.

thAh, NFR3IEREHR HTECDAW H 53 4 10N CME S A 4 AL SC 7 ke il 21, fif ic
NEBLL, A7 RN 2 I CMEH A 20 3 A # CDAW H SAa Il 21, faic i i2.
s, BRI PR BT AT . IR ARTR, 2R R. b, vk
TRASITT R B CME, “X7 Rkl 77 i3 A K I F| CME.
x4 BEREMERITEE

Table 4 Comparison of test results in case 1
No. Date and time CDAW SEEDS CACTus No. Date and time CDAW SEEDS CACTus

1 2018-05-19UT19:00
2018-05-21UT09:06
2018-05-23UT10:00
2018-05-25UT13:25

6 2018-05-27UT01:25
7 2018-05-27UT06:12
8 2018-05-27UT22:00
9 2018-05-28UT11:24
10 2018-05-28UT12:48

ANENENENEN
X X X N X
X X X NN
ANANENENEN
X X X X X
X X X X X

2018-05-26UT05:18

t

=5 (HRMLEERITEL
Table 5 Comparison of test results in case 2
No. Date and time Ours SEEDS CACTus No. Date and time Ours SEEDS CACTus

1 2018-05-15UT02:36 v X X 11 2018-05-20UT09:12 v/ v v
2 2018-05-16UT01:13 v/ X X 12 2018-05-20UT13:25 v/ v v
3 2018-05-17UT01:36 v/ X X 13 2018-05-20UT15:37 v v v
4 2018-05-17UT21:12 v/ X X 14 2018-05-21UT04:36 v/ X X
5  2018-05-18UT07:12 v/ v v 15 2018-05-21UT17:48 v X X
6  2018-05-18UT13:36 v/ X X 16 2018-05-22UT00:12 v/ X X
7 2018-05-18UT23:48 v X X 17 2018-05-23UT10:12 v/ X X
8  2018-05-19UT10:48 v/ v v 18 2018-05-27UT11:36 v/ v X
9  2018-05-19UT17:36 v/ X X 19 2018-05-20UT02:12 v/ X X
10 2018-05-19UT21:24 v/ X X 20 2018-05-31UT21:12 vV v 4

FERG MY, 46K ZHE A AR IS I CMES A, AL 717 15 1 1 AR 28 TRAS 1)
T, a5 82 5. THRICMESAF. @ity AN B 5% H E R, BATKICDAW
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Rl 25 AR — L4, WF 5 N3MISIICME S R AR A &, ik eHE N
CME. b4k, WTREH T H @ URG & &R, SECDAWE H 2 EIMG 588 B A Bk
X454 52 NCME, WiF5 N4R16, 31 S ECDAW H LR

e 2, B X N W CDAW,. SEEDS. CACTus H 3% H & B2 AE N5 B4t
BAMVR A ST IEAFAE — RO, WF 589, 100 14, 150 16, 19fCMEZ: {4,
AT EK X e AECME S A2 A8 I CMEFHA%:, X 37 57 X 580 0 I 4 S5 R AR i il
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Fig.7 The CME evolution detected by the method in this paper at 2018-05-31UT21:12, solid line is the
detection result of this paper, dashed line is the SEEDS catalog detection result, and dotted line is the
CACTus detection result.
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Fig.8 Left panel shows the statistical error of the CME center angle detected by this method and the
CDAW catalog in time period I; right panel shows the statistical error of the CME center angle detected
by this method and the CDAW catalog in time period II.
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Fig.9 Left panel is a comparison of the center angles of 5 CMEs detected by this method and other

methods in time period I; right panel is a comparison of the center angles of 5 CMEs detected by this
method and other methods in time period II.

%+ 6 AXF5ESSEEDS, CACTusfEMELRTEINHERE#MEICMEFR LA E FHRERIRERAE
=(ICDAWEB R AEE)

Table 6 The average error and standard deviation of the center angles of the CMEs
detected by the method in this paper, SEEDS and CACTus in two periods of time
(based on the CDAW catalog)

Detecting algorithm  The average error/°  The error of standard deviation/®

SEEDS 6.4 4.1
CACTus 4.2 2.3
Ours 4.1 2.1
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Fig. 10 Left panel is a comparison of 5 CMEs angular widths detected by this method and other methods
in time period I; Right panel is a comparison of 5 CMEs angular widths detected by this method and

other methods in time period II.
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Table 7 The average error and standard deviation of the angular widths of the
CMEs detected by the method in this paper, SEEDS and CACTus in two periods of
time (based on the CDAW catalog)

Detecting algorithm  The average error/°  The error of standard deviation/®

SEEDS 11.7 8.6
CACTus 13.7 9.7
Ours 5.9 4.1

4 RBHESRE

ARICIEHGHR4SOHO LASCO C2H % EE k47 /b3, LA T H X CDAW U Hy
ek, HEATCMEREI. &5 B A I 7 V4 K 28 CME I (R 3 (5 5., S80I 45 A7
fE—E Mm%, H59¥ R MEIECMEZ M\ A2 CMESE il @, 2 SCA 56 1 45 0 4 5
I3 A ) 2 1) S S5 PR ARG I 5 VR D20 45 31 R BRI S5 3 R B, 3 F =il 2 v CMEE R
I ) 25 1 5 s () 2 PR A, DERRE A I T, SEIG gk R, 5 DU RS I
AR, MU T HFRCDAW NS HI, RS EAMUAER IS G A — 2 T 5,
i B ARSI CMERFE IS4 B — @ i ss. ok, AR SOk R BB % 105
3, 1 FE R LBk g I B 7 RS RN T AR 22, fof A3 A 0 235 SR o i 2 W

AR TARERA CAR O R S — 2 B MR I 7 vk 51 NCMERI, T W58 7 20
TANLHIERERERG. B CMERE S a1 B CUR T, B R R 28R

59-13



62 & X X %= K 6

B, AR SC TAE R B E ASO-SUPIHH G 7t TAEIRHE— 2 2%, CMEMR IR R
FLOMERS K IR L i, fEARK, AT B T 0 S CMERNAT &£ bR 2% [8]32 30 4k 17 T %
17 B B H 2 5 Y5 (Interplanetary Coronal Mass Ejection, ICME) & AL ML, F
325 M ER 1) IR 1) 25 038) ) Jok e 0K 2 S ST 9T 1) L A, X T S ) R AR K 8K A o
=X

£ E X

Bhifg, FEIT, WREAR, & RBlEmik, 2017, 62: 2680

Domingo V, Fleck B, Poland A I. SoPh, 1995, 162: 1

Howard R A, Moses J D, Vourlidas A, et al. SSRv, 2008, 136: 67
Gan W Q, Zhu C, Deng Y Y, et al. RAA, 2019, 19: 156

W, BRISE, HOBE. ROC4R, 2020, 61: 1

Yashiro S, Gopalswamy N, Michalek G, et al. JGR, 2004, 109: A07105
W, MIRE, BIRT, & KRR SRR, 2020, 17: 39

Robbrecht E, Berghmans D. A&A, 2004, 425: 1097

Qu M, Shih F Y, Jing J, et al. SoPh, 2006, 237: 419

Colaninno R C, Vourlidas A. ApJ, 2006, 652: 1747

Olmedo O, Zhang J, Wechsler H, et al. SoPh, 2008, 248: 485
Boursier Y, Lamy P, Llebaria A, et al. SoPh, 2009, 257: 125
Goussies N, Stenborg G, Vourlidas A, et al. SoPh, 2010, 262: 481
Goussies N A, Mejail M E, Jacobo J, et al. PaReL, 2010, 31: 496
MIFAZE, xRk, BUHER]. B RO ER (AR RHAR), 2012, 40: 379
MY, A%, MIRT, . RBlFER, 2016, 61: 1255

Yin J Q, Yao H, Lin J B, et al. Neurocomputing, 2017, 244: 123
Zhang L, Yin J Q, Lin J B, et al. NewA, 2016, 48: 49

Zhang L, Yin J Q, Lin J B, et al. SoPh, 2017, 292: 91

Wang P Y, Zhang Y, Feng L, et al. ApJS, 2019, 244: 9

BRI, BIF, I, S RICFR, 2020, 61: 45

Shan J H, Feng L, Yuan H Q, et al. ChA&A, 2020, 44: 507
Qiang Z P, Bai X Y, Zhang Q H, et al. AdAst, 2019, 2019: 6582104
Hundhausen A J. JGRA, 1993, 98: 13177

Liu L, Gao B, Wu S C, et al. InPhT, 2020, 107: 103288

Peng H W, Li B, Ling H B, et al. ITPAM, 2017, 39: 818
Achanta R, Shaji A, Smith K, et al. ITPAM, 2012, 34: 2274
Chen J Z, Chen J, Ling H F, et al. JVCIR, 2018, 50: 270

Lin Z C, Liu R S, Su Z X. arXiv: 1109.0367, 2018

Miao Y, Liu Y, Li H B, et al. ApJ, 2018, 869: 39

Sengar S S, Mukhopadhyay S. Arabian Journal for Science and Engineering, 2017, 42: 3621
R, R, RO, 2008, 26: 115

Wang Y M, Liu J J, Jiang Y, et al. ApJ, 2019, 881: 15

=W N

D e e T S R
o oA W N PO ©m %

Www e Yy M N YN N YN NN YN E
B e = e =2 L S S SO e == R AR == S Y B e B == = R A =C A S S e

59-14



62 & PG4 BT R 2 A H S D A 6 39

Detection of Coronal Mass Ejection Based on
Spatial-temporal Saliency

YANG Zhi-peng? SHANG Zhen-hong! QIANG Zhen-ping? XIN Ze-huan'
XIAN Xiang-gui'  XIA Guo-qgiang!
(1 Faculty of Information Engineering and Automation, Kunming University of Science and

Technology, Kunming 650500)
(2 College of Big Data and Intelligent Engineering, Southwest Forestry University, Kunming 650224)

AsstracTt Coronal Mass Ejections (CMEs) are one of the most severe solar eruptive
phenomena, which could introduce significant disturbances to the interplanetary space
and further affect human production and life. Here in this paper, we introduce the
saliency detection method into the CME detection based on their spatial-temporal
saliency, which uses a structured matrix to decompose the feature matrix corresponding
to SOHO (Solar and Heliospheric Observatory) LASCO (Large Angle and Spectrometric
Coronagraph Experiment) C2 corona images and restores the sparse part to obtain a
salient foreground. We then consider the temporal saliency generated by the motion
of CMEs to remove non-CME structures such as coronal streamers, and finally give
the detection results. Experiments further show that, based on detection results from
the Coordinated Data Analysis Workshop (CDAW), the proposed method is not only
superior to the Computer Aided Tracking CME Software package (CACTus) and the
Solar Eruptive Event Detection System (SEEDS) in the number of CMEs successfully
detected, but also closer to the CDAW catalog reference values than CACTus and
SEEDS in measuring the characteristic physical parameters of CMEs including their
center angles and angular widths.

Key words Sun: coronal mass ejections (CMEs), techniques: image processing, meth-
ods: spatial-temporal saliency fusion
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