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Abstract

Abstract

The solar filament is a kind of plasma structure with low temperature and high
density. When it appears at the edge of the solar surface, it can also be called a promi-
nence. Under the observation of chromospheric telescope, because of its projection on
the solar surface, it usually presents a dark black irregular strip, which usually appears
along the reversal line of magnetic polarity. It is generally believed that the formation,
development and evolution of filaments are closely related to the changes of the solar
magnetic field, and the breakout of filaments is also potentially related to the generation
of other solar activities (such as flares and coronal mass ejections). Therefore, the case
study and statistical analysis of the filament have important practical significance.How
to get the information that researchers are interested in quickly and effectively from the
massive astronomical observation data is an urgent problem to be solved in astronomical

data processing.

This research project is based on the basic data of a century’s full-disk Ha solar
images, which can provide a more universal, efficient and convenient method for solar
filament feature recognition and parameter extraction of big data as far as possible,
and can automatically process the full-disk Ha data of big data automatically. When
processing massive historical data, the problems encountered are: due to the influence
of the visual tranquility, various scattered light, high-altitude clouds, etc. in the process
of ground observation, even some inaccurate flat field correction or image contrast,
saturation, etc., will have an impact on the quality of the observed image, and some
practical factors will cause various anomalies in the image. This paper proposes a
complete algorithm process, which can automatically screen out the high-quality Ha
data, and then identify the solar filaments and extract the parameters.

In view of the historical Ha solar chromosphere data with multiple stations, long
period and large quantities, we propose a systematic method to obtain the coordinates,
radius and filaments of the solar disk. This method can extract the sun disk from the

historical big data automatically, and can accurately calculate its center coordinates and

I
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radius, which plays an important role in the subsequent limb darkening removal and the
extraction of parameters such as the longitude and latitude of the solar filaments. The
method can also be used in the massive historical data with automatic method, which
can be realized efficiently and conveniently The identification of solar filaments and the
calculation of parameters play a key role in the subsequent statistical analysis of long

period solar filaments.

Due to the limitations of traditional methods, especially for historical data, there
are a variety of image quality problems, so we have to set a series of algorithm steps
according to the characteristics of the solar disk to deal with the image quality problems.
Therefore, we propose a new method based on convolution neural network, which can
automatically learn the characteristics of the solar disk and regression The numerical
data of the solar disk, i.e. the coordinates and radius of the circle center. Through the
use of deep learning, we can directly retrieve the numerical information from the Ha

image, and we can do more research in the field of astronomy.

Since the traditional method will bring a lot of noise in the preliminary recognition
results, we have to eliminate the noise according to the area, aspect ratio and other
conditions, which may lead to the exclusion of the small solar filaments around the
large one. Therefore, we propose a new method based on the fully convolution neural
network, which can directly identify the small solar filaments from the He image. It
will not bring in a lot of noise. Further improvement of this method will have a good

prospect.

Keywords: solar filaments, solar disk, historical big data, convolution neural network,

fully convolution neural network, deep learning
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Figure 1.1 Schematic diagram of the structure of the sun.
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1.2 LMBEBAKAES. @FEEREEXEETF; O2KFAENH; =HEEL;
(R FEREH¥EHIE. ERKIR: NASA
Figure 1.2 Several typical solar activities. (a) the sunspot; (b) the solar flare; (c) the prominence

burst; (d) the prominence with obvious twisting motion. Source:NASA
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F3KiE: solarmonitor.org

Figure 1.3 Several solar observations. (a) full-disk magnetic map; (b) full-disk Ha solar image;

(c) 131 fﬁ image; (c) 335 ‘Z‘ image; source: solarmonitor.org
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1.2 XKPHRES
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PANSRAFAEAR 2 AN BRI 7, (E R BEE DI FE AN I R R, NATT T b g
HIA T HRFERA

R BH B 2% 2 HIE7E H I 305 ) 2R 2B R, M H IR e H
AL, IR ARIZ5H, B1.2(e)(d). BT HIER —A3IABR I
T, TEINHRMESIEFHZREME S, WERENAFEME RN E, &
AT RE 2 I LA RHE. WS TE T 5 B 2 Aoy 280, S48
FERMNEZ A LRSS R EoRay . WAEZIAE, FES AR
KAFEIAR RS WS EhRet ks, EES G X & 7 X 26
[A]28(Engvold, 1998). 3l X K of— M EA sii Yy, & rARARR 2, 1E4E



B R B K PRI 2% B SR B 5 07T

PEBEEREBE R A IR, HAEAF R TR X IR S — OB SR, B
HA— MK H AR AT 208 o ) SRS 4 — MR 1l T35 2 X R 2 ik 1) A [X 22
[BI(FEET, 2015). TC1RRRMF 732677 20, X ESRHIEAS BT DU S AR 11K
BH 2 2% (1 B R B2 B At
O BFT I 2 e — o v 2 FEEARRIRL RS PR A5 B T4, e A R K B s SR 7E 8 I it

Ferh, BRI I BN F=AER .. B — L 7 (Kippenhahn 1 Schliiter
1957, Kuperus 1 Raadu 1974)¥5 A7 7E 7] EIREAR 2% 7 5 8008 2648 R ik 1) 72
ARAFOENG, I B RR NG B (dip) . 1 LI i K & B A 7T (Colloquium 25
1998, Martin 55 1994), KPHEESFRHER SIS 0. B2k X WEakiEE, DA
N 5 WA FE AR G IS 2 FAEME, B Mg 5% b7 LRI i i 7 1Ay, AT ER
Tk, BRI ARE RNV A . B — M7 E BB I ] i) 75 1 7
R R, B KA, B TERERE R0 CWIEE” (Maunder
1913, KE1.4), WisAEHT LA, MARIX 27518 i #G 7T Re A 1 2% 1)
FATE, RS KIS TE R W . thsh, B0 R4, &
FNFAEPE S5 A7 7 — %€ B9 3 M (Heinzel 25 2007, Hundhausen %5 1981, Lin %
2008). ARG 2% B B B AN AL B 2y A B A B AL ERAS K FRPE(Newton F1 Milsom
1955). M Hk 2 it LR B RBHIE 2% 55T . CMESE MR AEAEHIRZ AR
P, — OREBE A1 R 2 51 S G BN (X 1A 1S 2% A Rl R 37 5 4 R AR 24K, AT 530

% 2% & A2 AH N ) B 48 (Martin 25 1972, Tang 1986). CME) 1 & FlS 4% th R BEAF
EIE 2 (Munro 2 1979, Webb A1 Hundhausen 1987, Gilbert £ 2000, Gopalswamy
£52003), A A REEA A EILF IS .
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Figure 1.4 The sunspot activity has obvious periodicity. Source: NASA

1.3 IREE5EX

A SR 00 A B 4% 3 Rk 1 4 H T Ho oA PH MG, 2 2 280 A B ek
SIS E], A AT Ho WS 2R (K 6562, 8 A) E A ke, Ok 2820 55
—HEH0.25 ~ 0.75A. HRT At FAH JEH £ (0% S0 & B € BR H3T BE 0 A
HEAT O, P4 1-Smin— SR BH G BRIEHR, T LARR S KPR b i3 3h B
%,

FoAT AT B T % WL 1 4 H T He A B EHR SR R AIiE 3.1), 3
cPRATTIEER T 5 € 3 B P TR BHIS SR B R TR 5, A1 R R W
M35 (HSOS), A&z (BBSO), Kanzelhdhe K FH KX EKSO, 2 [H [FH A7 A
BEALI(NSO), & Kodaikanal K 3 £ (KODA) . I [ B5 EIA TR 2 A, KUdiA7
fig A BT TR, SCHBCR 20T T3k B . 30 FRL T 2 00 2 30 3o A G
Fr 557 A s 75 1 2 A & 70 AR (COD) A SRR AR ) . i T S gL g
fHe A H I RROR, R G . SR 7B R i, IF
FLAE O R L S LA TR, 7F A PR T Sh ROE VR R, e T
TR R S . O s m R, B R X b
S LI PR R S, LA % R 2 S P e R B, SR S 2
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i e 3100 B s At B AL B AR, B DARE ZE5E 28 B Sl A Sk DA 2 K
M VE R, AR Sl Rt — S5 K 5 9 w] AR DA BE D R 52 e 25 Ak 2 4R
.

1.4 XPEEZF/EZBENRRE AR

K BE 530 28 P ) o A A AN A2 PR 2 S A B B2 HOGS IR D R, BTN
YR 2 R S5 2 R R 26 S8 B, L B G 25 Bk IS 2 B A5
BEE . T KRH B IR A R B B O AR BRI AR, R R LR IEIEL,
Denker % (1999) M BEIMEIIX . Y7 ) 41448 3 H I W] 2 5 T AR AL i it 77, sdad
Xof FLAH B2 A b Al ] Iz SR SR XA 77 V25 1) JR) PR A4 2 188 81 P4 v A7 7 e 75 B
HINGAFAE H AR & i s A HERf . Joshi 55 (2010) B 7E EUE A A B =
ANTT IR E = AR RAF R A, ARYE = AR B S e — AN |, XA TR
FEWAALERTE — AR B IR M. Yuan 25 (2011)5] N\ T Z¢HkHough & £ ] (cascading
Hough circle detector)i v+ 5K BH 5 8% ¥ [5] O AR FR 42, B B e/, AT
FHough”B A8 M 15, 44 5 FK5 A I 1R 45 JROK . 3 R 07 25 mT DUAR 4 1) 5 A P&
14 AP AE S 1), H2 FH T Hough B4 BORMTHE &, BT DA 245/ NEME F%
TR, XS — e MR R . Hao 25 (2015)45 & fic /N 3 [ 40 &
% kHough 5 K I T K BH B A #EATHREC, MR vE i Ba R R A A
7 RAE— B MG R B N RIVC R A A& 1, X BT A7 TE — SeRU 1 1) 8, 2
SeHough W #e it S8R, FMGBR/Nd R, (HRRSRE S IRAC: 4k, Uiy
V2 LU IR BRI AR K, B — M B IR 45 R — AN s T =
FeAUE X M UK, FHEFHLER AT I EEGZ. Prbx TR
RO ERHE, Wi AN A BB R R PH (R R 1 SR R
WL,

TEVFENED R LA, X TR ZR 0, FERRAALR IR
BEAT IR BRI . Wang £ (1998)73 47 T 1991-19944FE 31 K s 4%, I T AN St
o, BTG T R S F A R R RN TR A . B E T
BRI RN AW R, A T BB 2 B, i HL G102 I R] 43 H R 0E 2
2 (8] 3 HE AR AR B TAR KIS, 1202 A6 v B KBRS 3 B 3R
AR Gao %5 (2002)K F 45 & 1B AN X 38 A K 1 07 SRR BRI 2%, S 42
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F1=E 5l

B B — R E N2 RBRME, RGP EI A EE, R R XA K
(R 7 92065 3 2 45 1F B X 38 bR i S 2% - Shih AT Kowalski (2003)3 Hi J& &8 A1 4 J)
BRE PR 2, P R S R R A R AT IS 2, (R AR AN R IR B AR,
It LASCAR H — P — Se Pl Ak 3 2 J5 A — [l 5 42 ) A I8 T35 22 8
AT IS 2 1R A . Bernasconi 25 (2005)3% FShih #1 Kowalski (2003) 55 —Fh
77 AT FIFER AR . Fuller 55 (2005)2 7£K H B 5t 2 J5, A8 X gt
AT SR AR A, I HLASE A o - i #8485 (HitOrMaiss transform) iR 5 I8 2% (14 3
. Qu 5§ (2005)K H HIE M RME 77 5, Jo ANOF 4 B R B AR R 5 — A4 )
BRIAEL, AR FH J) 3 B R S B 2% (19 73 % . Zharkova 1 Schetinin (2005)2K F I
A2 FH P A BROBA 28 T8 A0 — AN H A 2 0 24 RN T A48 X 2% (artificial neural net-
work, ANN)X 4% ©L 40 M4 H T AR DD 3] H K 1 K BH RS 2% £ 4T O 78 . Joshi
S5 (2010)K F 2 L IE B SR BB 7 vk, LR ki X g i 5w B 1 b
BRAEF N BRAE LA, A AL AT AR (R BRI, AR5 X MG R I R P S5 T AR
B EE IR 2% . Yuan 55 (201 DF&H—FhEF XS 2 Gl i) B & N BE 5%, il
AL PG I BT A A 8 R, R AN R AN SR K 4 R B RIS 2% . Hao
5 (2013). Hao 45 (2015) A48 4 FH AA) i1 5 18R] 1 380 Ji 1 R FH 22 - et i K B
2(0TSU; Otsu 1979)BEAT I 25 S0, B I A0 2 id o A 250 ok UG A L 0 i 8
FH. Chatterjee 55 (2017)1ELE G B BEAT K JE I G 25 AHOC S K gi v, R
AT, RN LSS B b A7 a5, AR5 A X0 K 7
SIS SR 1R

L5 BARFENSH

I TSR, SR RO AR AR AN AR IR A B BB 2 i SR BR A
AN KA 1 P AR - 1T 391R Y A Hough 2 e Al e /s — 3Ll & [
I o6 P A A LR AU I AL, oy AT 4 Jo 300 ) s R AT T B A B2 1 2 e 6 45
EPIRIERAE S AN E SRS, B 4 H T He K B B & 1 2% 1R
BIBET, TSR B B AR B35 (s Rl B RR e, 2B
RRAARIPRACARIIEAR, 2 B 7RI 2 4R e I B SE IR BRI 2% 5
FABARM RAFAERI X 7o FE D N /MR BE M AR AE, LU
B X AE T, B RO RN B SR, AN R 07 VA AT 2 R T 2K



e KB BRI 2% 8 s 32BN 7 i30T 7T

W B 4R 10 SR AR 3R, KRB R — KAV 2 f5 1 BB FIREG kb3
(B8 DA o T 28 1 SIE 56 P 0 (/0 s 0 H 15 T TT DA 2 6 Sl % T LA B
T 30 B T He B AT RO T . Jo 10 [ e (B 30 2 P AR 1) P O S BRI, Bk
T Yuan % (201 1)F1Hao % (2015), HAWHEFFE TAERZ 45— & U, HEEH
XD . Yuan 25 (2011) 7 63 BT A ik BB AT BE T € Hao %% (2015)H
SO OTSU R R 225 H sk R AT AN 7] & 3l % [ RS R 8, a1 A7
ERMR. FTCARRAA B F R R. 2 a0, KN E F3E RE 42 H 5 o5 aE
PR 171

1.6 ARICHEA

AT 22 Gl KAM. KMENLSE, KEPRESERE NS =
AT I KEAT, FATHE 7B LSRR T %

e
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L AEED. $E
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Figure 1.5 The technical scheme of the whole research task.

B e HATx 4 H i Ha K B B EAT FIAL B, 3 [ I 52 0 B 10 s HarF) 2
P AR RS E . £ AT EER RO, KPR
i B 5Bk, ARISIERLER: RIE e gk, SR T St sidlR
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BRI 2% BB R E s JF ok — 0 5 5 TR B 2 ST ROR B 26 iRl s 3 T4%
GUTIERI R 45 R E D M S TP ER, B e K. ARG
BME . BRESEAERE R e THE R BRI 2 ARG 1 2 4

R I SR M, BRATTEEE A B [ i 15 o AR AR AT A AR (K SR IO
s Bt 7RIS S AR ATV, IRt B o iR T AT IR A ST s
e

AICHHL G B m LA A T LA H B R AR A B ROR
MG LKA IR B, I HER 7 ERMa M 55407 BE A
B EIMBR: BN T SR G I7 VR B R B S 2% TR BOR I B AR AR
S5 VU PR 1B TR S ST IR B 26 IR B A 5C AR e — J|adtAT 174
R as At — b AR R
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F2E MIRHARIEAR

P25 HXBARE
2.1 EmBHFERGAIE

B BB AR R EEHERE T — N EENE AR, BATRE T
FNLARUER, (HHEECAN KRS, M5 CRERY. £, RICFE
2R TN, RS RS R E R R TR IR R

B BAGEE ARG BN BRI A R IREL, R0 H
BRI IEIR, TATEE AN LR A R 2 AR R e (AR
CCD) KA EME o T 31 10 R SO 8 2 H S 5 B & AR AR 1Y), AR i B
R OOY BT B, PR DL (A BEANGRAE o 38 JRAT TR AT 207
WG AL E AT H . S BUR L EHG T & SR EEG 3 LeRRAE
UG g hs 5 R 48 . TF G R MRIE S5 Bt ) AR E 5 248 R K,
HP A B 2 Ko S, BT LAFRATT AT DL I — S 552 3 S0 0 A 1 BG4 A
XTI A2

Hor B — i MG e, 358, FJE. EL R, SRR,
3. EHSNERNET W 2, 20100, NMEATTEEEWADAER: — DR
W FAT 55 b 2 S G A B AR DG N A 38 AR AU BB AL B AR 1
AU U L (2R, R AR X 2 1 SRR T DA RATT Ik
T A PR A 3 1 — e R OR T WA A AT (] B 1 B O
{5158

PG s gt e %t R AT BB SR B L6 40 5 R, AP N B HLAs A
Fy MU B I3 BT H R 30 D0 PR 5 0 D 2 s 2 ) AN sk 2 ) i3k AT Ak
B SRR ERBRERE S T AT, b SO N AR R
5 R AR S A B ER A AT R A o AR TR PR DA 2 8 1) A e 2
P ), AT LA SR X v S s AR5 BB AT A B . PR AR SCRi I T4
R R, FATOOR 2380 18] SRR A R () — 22 ik AT A 4

X1 AR P PG BB R % I e RN 1 X B R R s AT HEF
BOL AR B AR N R T RSB BEAE, R ZRAE NS B4, AN BB ARUGEAT,
XA FE R A A 8 (Huang %5 1979). %7552 —FARRME RSP HOR, Xt
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TR S 7 B R P RO . 6T 4k R B i R IR O
n(i,j) = median{o(i — N,j — N),--- ,0(i,j),--- ,0(i + N,j + N)} 2.1)

Horh (i, HyIRE G R R BRI E, 2N x 2N AR E 1B RS
KIEUEP (Koo A1 Park 199 AT EJERAEH AL, A IR 2 5 X
SN B EAR B E . IEIEBR LRI EOR, el HE R R B
RAIEARTG P, ELZAOH . S0 —4em B A X0
1 a b
nij)= 2| Dy D oli+waj+h) 22)

we—a h=b
HAMxNAE RS RAN, a, brAlaM[2, NJ2, BHEEHROPRE 1R
/INBIHE B B - B % (kernal), T B — k% 00 RS RN R ARSE . SR T (E D8
PEAE T AR IR — > YRR MR AT — MR8y, SO AR B AR . (]
i, BRI 4% (Convolutional Neural Networks, CNN)H [ 35 7 ailt /& i 3 A 1)
IBHEARAE, WSS A:

G=g¢g®f (2.3)
Hrp pRE\EEFZ, BARNBRATEE T AN 24,

1 T8 (Young F1 Van Vliet 1995)[FFEFISAME JE B AEH AR, AN ET34E
DEI I 2 € F AL R B R AN AR R B8, T o B s 7 20 A U O IE 273
AN E % IR AR 2 — R PR ROR, S IR R R TE e
W, N R ) £ R B B . —dEm A RO

G(x) = 207 2.4
(x) ﬁ%f (2.4)
T — AEEE 1) v 1T eR R R A
1 _x2+)72
G(x,y) = g2 7 (2.5)

HpoRFERMEZE . K21

e TR B I AR BE LR T o RN, oK, e ST e 2 11 B
B, R E2.1(b) A T XSRS FEOR, 2. 1(0) it I Xl T30, BRI
SEIFREE T o, T T A
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0.075]10.124 | 0.075

0.12410.204 | 0.124

0.075] 0.124 | 0.075

(a) (b) ()

2.1 (@FRTFA—N 33, IEEAINSHZNEIE; (b)ZREN~EN—130 x30, F7E
ZRSHNERZHTRL; (O=Z0)EFERZN=YEENIR.

Figure 2.1 (a) The value of a Gaussian kernel with the size of 3 X3 and standard deviation of
1; (b)The visualization of randomly generated convolution kernel with the size of 30 x30
and standard deviation of 5; (c) It is the three-dimensional visual effect of convolution

kernel in (b).

15 5 &

P& 70 B H AR 32 252 R o 0 18 HH B 55 R S ATBLRF Ik ) IO R X (RO (X
W= 0 5%, 2010) I8 H 1 DA T2 AR 75 SR B R 00 )it T B AN R B X33
HARW2R BB G RZA AR, PO FRRTE, mE22. HArE®
EUNEEES NN LSS B TREBIER 2L T X &E, &
T FATI ) 7 BREA— L8 Al TR IRIERATOT AR, AT RATEZ AN
N FIE,

RS BRI 73 #0595 E N T H AR AR 5t R A B35 2 R R
K. Bkl 2 Ay Ak B — A ad@ e, BEETENMEERERE S W
ERAT R, DT HRERBENO, KTBENKRENL, ZR . B
(650 H1 30 N R d B AN 2 JRy B, R ¥ BRIV 34 75 ZE AN AR r =y 8 DX 3 1
FAEE NS, o] LR R AR SN

T =Thr[x,y,l(x,y),0(x,y)] (2.6)

HA (O, ) NG E AR, 1(x, y) AR EE XK FEAE,  o(x, y) & w R BMG & K EE
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22 — M EGRSEINGIF. ZER—RXRFMARANE; AERRBEEFHN=R44RCH
Ztsk. EFRIE: (Chen 3, 2017)
Figure 2.2 An example of image segmentation. Left panel: contains a cow and two calves.

Right panel: the result of segmentation of three cows.

e T RE G, BATHZEIIR T A AT 0 H:

1, V) =>T
g(x,y) = 7o) (2.7)

0, f(x,y)<T

HTH AR R BIE. T 2RO2H], WEEFEES N BE, MK
XA S R R AT AN R AR B B e 10X T o] 6 5 53 ) BB S
P B RN oG8, X T — e R ERE, R s a2 B %
WIREE T, PN IEZ AR, S 2N e RERE, BRIk
Bfag, HEGEANSE, REEAE. ©F7H0ERHEART AL R %
WA, HBRER 2R AR, WAy AR P /& B . HE R B 5
V28 AT DL X R b AN TR R RPALE 558 52 B 8 B i B BIEL, b R L (Otsu
1979; OTSU) N HLI) H 1 MR F ik, & KSR 7 2%, K EIE 2 8 H
PRANTE S PTERSy,  EATI ST 5 2 K, MY 2 AT RE 9 e . SR,
FESC PR UM Y AR R, P A B 3k T R L N P A i B 5 AT = R
Ve, AEAERS BN BB IE 2 /T, X R BB B T IR R, R R
AR LI RCR .
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ke Zonl]

TZAG I 7 AR AT AR o BB e A2, AR AR 2 IR AR 55
A G HAE H (Deriche 1987; Touzi %5 1988; Harris %% 1988), LUIKFEFEHE 2 2%
(K1, HOE A B G J7 3 4 ik JE S S AT S5 S 5 T 4T ILGAR I, i
2L R G SRR R AR Ty, ORI S, ARAETE R
R NFEA B AR FE BRI 0 7E SEBR IR I i R 3RA 14T 4T e R B A 4R
b P AR e B S g o RSO Ar v, RS AL, T DB SR A 5 3R

ESUR
0ﬂ%w_.mf@+%w—fﬁd)

o My 8
0f(xy) _ . Sy +y) - f(xy) 2.9)
oy y—0 vy )

T 75 S B IR = AR, R DL R U R R SR R ER, P U FR
TR G SR T B 3 R B TR A yRh T A AT R
WSS . BRI T B K B AR I B Ty, R AT 7 B
%

TESL PRI A I FE A, T8 2> 0 B DB B AR (U v] LUR AT ST iR B
FEAZ) X R B AT IR BT 3Y) . 3@ IEI AR A . Sobel ¥ (Kittler 1983).
Canny T (Ding A1 Goshtasby 2001). Prewitt T-(Neuvo %% 1987)F1Laplacian®
F(Berzins 1984). BRATSCHTIR, X EUR Mg w2 )5 BUG I EF WAL BIA .
B0 P AR AR IS B (B R S R E AR TSR S FAR ) . SRR BE R A R A
TR AEBEAR . 23R TR . AT LAE AN R IR A
ANFERE TS, EATE & HRRET,  HinSobel 5 4 M ANBURK, ik
BA RIFHEAIRE ). PrewittH T fSobel H T B A R MIMEE s, ME2.3tAE
H, RAMMA . Laplacian® 5 e BUK, @ e HIRERL 5, b
TGk, Canny 57 AHX Foh =Fh, —MRECRELF, & REA R0 ] g
P R E 2 S BUG AT = R, iE o0 25 AT AR OB I, e

e
bt DRI

HFRSS

E

B A 2% (Haralick 25 198 7EH 7 G AL, w2 — s B R
FE MR ) 45 K . T (Structuring Elements), X Ji B A B RRAE 3E 4T FE 26225 RO EX
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1] 0] 1 1 ]-2]-1
(@) (b)
1] 0] 1 11 1] 1

1101 111 A

() (d)
2.3 Sobel BT MPrewittH TR AIRIR. (a). (b)5BIRSobel 5 T 7L 4175 I EVEHR
FYHS EROMNEEIR; o)y (453 B)RPrewitt B T2 75 T8 HOA ISRy 4 5 10
SR ;

Figure 2.3 Common templates of Sobel operator and Prewitt operator. (a). (b) are the

horizontal template of Sobel operator in the direction of xand the vertical template of
Sobel operator in the direction of yaxis, respectively; (c). (d) are the horizontal template
of Prewitt operator in the direction of xand the vertical template of Prewitt operator in

the direction of yaxis, respectively;

Ar o —MREEAE B TTHR R FHOMITZL R, HH IR AN R TR . IEZRK (Dilation) R
Ti(Erosion) & JE 25 2 IR LA I PN AE o I MK AR /2 0 45 4 oo 72 )5 T BN
B, MBI RRIRE, B B bt S 45 b B0 A 0 s 5 R B KA B
N E bR RE, FTRRN:

n(x,y) = max {o(x+x",y+y'} (2.10)
{,y"):e(x,y")}

Hrbn(x, y) RS ZEIIE, o(x, y)RJEERIME, (2, y)24 1 H oo A1
FAXE T H s fi R AE & . mT LR EA0 0

N=0®e 2.11)
T % T 85 ol i B DA s

n(x,y) = { {o(x+x",y+y'} (2.12)

min
(x",y"):e(x,y")}
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R th T A
N=06e (2.13)
P12 4 2 I K 5 4 00— A R P, Do D 0 85 4 W TE TR AR -8,

A ZRIARGEN, N2 (diamond). [H#% K (disk). £k JE(line). /\ff /¥ (octagon)-
%6 JE (rectangle)s, 7E Pl I FE, W DAAR 4 75 220 B B 1Y &5 0 B oo i e
W. BAN, HEREREABEZ F, BEBKMERME SEE, iz

(b)

(c) (d)

2.4 EEKAE MIRMEN R EE. @RREER, BEERTHEE; (b)RR3 x3HEHER
T, BRATFE; OFRTAEHETOXREREGRBKNER, R8BI ABKE
W (RTHEWATOXEEGERNER, KD AR MENXE;

Figure 2.4 Schematic diagram of the dilation and erosion operation. (a) represents the original
image, and blue represents the feature; (b) represents the structural element with 3 x 3,
and its shape is cross shaped; (c) represents the result of the dilation of the original image
with structural element (b), and the green part is the dilation area; (d) represents the
result of the erosion of the original image with structural element (b), and the green part

is the erosion area;

% (Opening) #1412 H.(Closing). iz 52 X Ji UG AT I [R] — AN 450 5 0 3047 5%
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R, TP A . TTis A RN

Noe=(0ce)@e (2.14)
ERT T B R T AN X e T P SRR R

Nee=(0@e)oe (2.15)

B IIAE F 0BRGN 23 R X AT SR R

. Hisf bz b, S E AT 28 4 (top-hat transformation; Bai £/l
Zhou 2010) 71 2 {4 {1 A% # (bottom-hat transformation; Baek 711 Lee 2016, Wang
55 2019). A TIMEAZ 8 H I UG R BT A IR, B RRA:

Tiop =0 —(Ooe) (2.16)

T REME K [ MG e = B X A 4 0 ok . B IR AR 2 85 P 3 B 1) 465 SR ol 2 It
F1g, RRN:
Tror = (0 ®e)—0 (2.17)

& RERE R T I 1 X 1 oK. TR AT e AR 48 ] AE & oAt 7 A N
ABSIE LR BRI 5.

22 HEMEH LR

W 28 1R 4 Pk LA S 1, JF H R AP a A%, 18128
ST RR AR 22 N 2 7E 2 1 N LR e Uk pRoE EIPE . IR LTE 19434, &2
ZMcCullochHI¥ %7 FK PittsHi X2 To I BUE R S5 1, 45 T MPHIZ oA
B4 (McCulloch A1 Pitts 1943), X% Ja KH K EBLE 1 LAl P52 5 Hebb E 19494
(M1 (AT AEG: — A OB EEE) — 15 o 42 H 4 2 8] (AU R % ),
I BAE BAFREAERUE 2, 3% — JUAEAR SR TE AR F 4 22 0 24 &5 4 v 4R FH (Hebb
1949). 19584, RosenblattfE i T “/B& 12§ (Perceptron, BLFREAINL)” HIHEE,
SE T AN B T SRR T R A 22 I 2 45 4 (Rosenblatt 1958), #&H — ML T
NEWZ IS AR, X E RN THEMEZ (Artificial Neural Network,
ANNYHE. . B IE, FRZE M2 Rt N T 88—/, SR 2119694, Minsky
1 Papert (1969)45 & K IEAT B (L[ A 4% T — 247K, M Cangs: it
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BTV 8 ) — A5 i e a7 5 10 B2 B e 2 1 e 22 D9 2% I R A R P e i, A
BEMR YL LB ME AT 23 e BB, 05 B(XOR) . I HLE 25 (1 J80 k0 28 o] P HE B B2 IF AR
BE Ak HH HF 28 VE 7] B (Minsky A1 Papert 1969), IXJ5%E ik 24 (1) £ 0 4% K &
BT =W . E #1986, Rumelhart. HintonfIWilliams #& H 22 /2 8 50 28 1) 35T 1%
72 RMERR 78, AN W AL B Lk S o P 1R 8% A HH 0 T 300 P i 2 ) ) % 22 B
/N, #iFKNBP(back propagation)&.i%(Rumelhart %5 1986), 72 H A LR i 1
R % ) Sk R, Ak, MM T 5 R E R 1989-19984F,
L1 LeCund NIIAWISS T, 4T B Beit 172 8504 (1) & AR 22 I 45 LeNet,
H IR T F 5 F R/ R 5 (Lecun 25 1998). [l J5 HIII204E, XAHRZH
RS R, 0 SE A (Quinlan 1986). S FF[A] EAL(SVM)(Cortes F1 Vapnik
1995). LSTM### (Hochreiter f11 Schmidhuber 1997). FfiHl#k Ak (Breiman 2001)%%,
EARMATER R T HLAR 22 3], SRR 7 LSTMAR B & [ #AS BE ™ b ) L 4 8
P, EIRLSTMAR IR T M4, (2 T U R A PR 2 I 2 65k
Z TR BVECEAE B, PR 48 (1 e SO AR, 20064F,  Hinton%F A 42 H
TR VR W 285 S5 R B0 T 31 2R I AR 75 %8 (Hinton 25 2006), TR FE 2% SIME S H
{HH #)20114F, ReLU(Rectified Linear Units)ii if Hak 2 H ok 55 4 10 F T fift ok
T 1 % 1] 8L (Glorot 25 2011), #RJG7E20124F, Hinton%s A 7EImagenet F14 i3]
R ZE rh Al F L BT 1 5 A7 ReLU B0 2R 250118 2 25 AR A 42 19 2% (DCNN) AlexNet—
HIRMRE A, RS F IR R R 245 F AR 2 5T B A W
EIOHE AR, UWResNet(Wang 25 2012). ZFNet(Zeiler 1 Fergus 2014). VG-
GNet(Simonyan Fll Zisserman 2014) 1 GoogleNet(Szegedy %5 2015)%5%% .

2.3 HRMEMERER 7L

G A W28 J& T IR B 2 8 T AL 20D, AMUAE T AL o 11 B4 40
AR R KR AR, [RIBBAE G H ARG 5 AR i85 R S AT & 3R 2 11
DR . BAE ) sl LA A A B 2 5] e S gg e B e 2T
A B 2 2 TR A M % R A A brRad i B 2 L SAE AR, kg% AT L
H BN EA%E TR T )57 21 TG B o =) 2 4a P 2% Be M AR 3 R &8 b i 1 s £
B T AE I SRR B 2, iR AR 1 AR ORI 4% (GAN; Generative Ad-
versarial Networks)& H AR, F5IR B =M B% I MEdE a2
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IRl BCE AR IC A YIRS, A 251 A 2E O T 4% (Condition
GAN)Ei 2 R AR . BRI G M AW R R d 2, &) DLSH 35
Fo mIHL RE RS MES B N RN BB S M AN G
A2 0 2% [ FE A S B

24 HEFBZMENEKRRER

A T T A 48 0 2% TR R SR T, FRATT N TE B T AR TR 1 L S R R A
22 I 2% fE LeCuns A4 HH LeNet-5, H T F5 747 1iR %0 B 5Hintons5 A
[t AlexNet 25 B2 iE B A M B R B T —ANFI b, LS &k 2% 25
HEHATT . ERR IR KA AT A FI8E 1 R e, 78 EIR AL 21 4510
193 ARG 2 )

24.1 BERBRMNMEIGER

LRI 45 (1 R RN S R, B A TR N
SRR A BAL, BT IRAIN KA S, LLiREE. H2s, RE&T
TiAbh B 2 J5 AR S SAE AP TN, A5 4 T B BB R R X Ab B
J&, e M A oS S T, BRI & R R AR A
SRR E I B AT g ok, i <IN HL(Perceptron, BRAR B HI#R)(Rosenblatt
1958)” o 4N EI2.5 7 i 42 NARMPE TOHE Al R U AR BRI & S AR (Al
£52007).  BE2.5( )R NRIRE TT A s TR 2 BR, el g SCR 2 I R
ek B HA A 2 0 1 F Bk S S B =, SRS AT AR Y 1) — R A Ak B
ARAY,,  f i IR T S Aok LS S B R AR 2. 2.5 AT AT T
FE— NSRS S AR R R R G, E2.5(CF) R HE— 2P AR
PRI R Ao TR, #O8 “BAHL(Rosenblatt 1958)” . EEEIALH 4
ANATDEEZAN, B x xo0 -5 X, BATDUHAIRXER. STEME
Nx B X R A B w,, BN ER T, FAERTE 4 RRM, &5 Fn b
B b, N T REME AR AR 0 inl /R, 5 )5 SCRR A F — NS B Bk IS I AR 2k
WHE. EREFERRN:

y(x) = ) xiwi + b) (2.18)
i=1

Hori AR BOE R, 18 HOE BR EUCH Sigmoid PR 2. tanh bR 2. ReLU PR % (Nair
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& 2.5 AMFEHETHRMREBFERLRMINAREE. LE: KRRAFHETHREE;
PE: METTENMRAERT; TE: HMZTHREROBFERRA.

Figure 2.5 The development process that human neurons are abstracted into mathematical
models-perceptron. Top panel: represents schematic diagram of human neurons; Middle
panel: the abstract representation of neuron operation; Bottom panel: a mathematical

model perceptron abstracted from neurons.
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A1 Hinton 2010)%5 . E 1 EEERIE X254

1
fx) == (2.19)
fx) = Zi " Zj (2.20)
f(x) = max(0, x) (2.21)

AT EMG W E2.6, HH T 5 P8 Fh 0 eR 20 R 8 BV R iR @, B AT FH Y
O PR Re LU BR # (Nair A1 Hinton 2010).

Sigmoid ' Tanh

RelU °

-10 -5 0 5 10

2.6 ZMAUE R B AIEIR.

Figure 2.6 Three activation functions.

AL R AR NP e M B i R, AR T2 u N R 2R
HAL S ION,  FRE BEENHL R Refil—2 “ 5. 807 R RARIEE, WA
BAHLE B AT CLAREE “ SR mll” IX A B 2% U112 #512 5 (Minsky A1 Papert
1969), FHEEZ RRABLA R — DM, wRA Bl aae /s, T RAAL#
B IR 1)

XFILVE 73R TR )G, 50 Q)R I 28 AR N H T S B 1] J 2
o7 FH 3K 2 K8 AR il T ) A0 A2 THEEHLAILSE . AT Sk i A AR A E R G AR
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&G, 774 TERME M A, EHUER G AR R R AT ST IR R R 08 i
e AERERAE IR, AAS GRS I ERIR@T R 55U £ e i 1807,
SRJE R GG AR, —BERR

G=gew (2.22)

Hrg R F G, weBBZ. UREREAERZALERG . N BRI A
W, N B R E, REEEOE R AR, SRR R AR R
MAESEPRAE AR, JATE — BRI EEEFE B AL —5K, &K R
HEMGBFLMETIR G H 2. AR, R 2 AT A

f(Z gl @ wl + bl (2.23)

Forp R om R, g AUERER L — 12 UHFIE B (feature map), wiRFEIEBHUZ A
H), pAERME. WE2.7 EERRIE R RALE 3 3SR A L

a-n / /

! J

LWy

E—EAYIEE (1= [E— RS MHIEE

27 =M EANEREHTERTER., GCHIEEM E—RNEMHEEREXR,
Figure 2.7 A basic computational element model of convolution layer The feature map of Gﬁ. is

related to each feature map of the previous layer.

B2 Ja B, ZHEA RSN ER - BRENMFIEE. A Lmar A,
AFTFIRAPUER, EAIR L 2 AR R SRR, Fr AE SR A
ERLRAZN), REFHIBER T WXL, R Z AR R, K
UIIEI 223 EAPS I SN 27 SE AT (52 4 AL}

242 HHRHEMBRKRIE

— N B R R BIPAE N 45 (CNN) [ 3 A K BUAT (Lecun 55 1998, Krizhevsky 45
2012): HEH#JZE(Convolutions layer). ¥ B £l (Activation function). {4 )2 (Pooling
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layer). 434 4% /2 (Full connected layer). &2 K32 H K& N 7 H2BUEE 1)
FHEEE, TR T —MERKEREM T EE R, SR SR &SR 4
Mg, HBREAEEESRZNERE, 8- NERZERRIREARERA
[FIRFAEAS S, AH G THRRESRHCES, AN [F) 10 SCHT i G E U 1) 5 2 [l e
1, BRZZINEF TR BOsREBE RSO W ECURR: PR
2B EELH KR FEARHET — ERE B RS RN, b W2 (R, 8 i
1k 5 4 7 214k (Average Pooling; Wang 45 2012) A1 8 K it 4k (Maximum Pooling;
Ranzato 5§ 2007, Yang %5 2009, Boureau % 2010, ), “F¥Jithfb 2 7E K&+ EE X
BROEHE 22— APIME, REERG TS, AR ANHEG, @
FOT AR ECBR S/ — 2 e R 78 JR) 38 DX e 9 O R, 3l 8 1 0 N AT
R RIAAE NS NEUR I T B, B2 A Z AL E NG, ) IE RN A

mj, = max(ml,}), i <ab<i+2 (2.24)

Ho(a, b)) N5 - 1Z2ERZHIMNAL E . WALZ BE R E H 3 BT T AR
A% {4 (translation invariance). HE#% /445 P (rotation invariance) il X B A48 P (scale
invariance). AL B H B2 BT A E AL E R BB I RHEE S
SN G AL 25 7 24 (INSigmoid PR K)o FLAA I 2 K BT T B RFAE 2 i R R R — A
AEUHFAEI &, ERAEGR, REHE 0K LMk —Am HrER
2M s, RN EREMBEEREL DL AR 4 R R R B,
AN EER T FEZ. WiE2.8/2 AlexNet [F] M 45 4544 .

vl L E -~ ﬁ;" 2\ RS . 13 dense | |dense
WA o

11 N 192 192 128 Max || ||
224 2048 2048
NN" Stride’ Max 28 Max pooling

of 4 pooling poaling

3 48

I

224

.

1000

2.8 AlexNetf %5254y, HSPMERE. 3IMMULEFINEEZEHM. BRHXKIE:
Krizhevsky 3 2012
Figure 2.8 Alexnet network structure is composed of 5 convolutional layers, 3 pooling layers

and 3 fully connection layers.
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BRI S R AT E LS, S — BN, 2 —1
#5155 B B (Loss Function), ‘& [ ZEAE HI2 FIWTCNN: 5145 Hi ok 1 45 RANFLSE
g5 R AN 22 S R PR o e T BRL TR 451 < bR HOh S R N L LTI PR 0- 1403 2K R 8, T
Mg RN 25 RARSE N0, AR, BT AR H ATEEAIR AR . T
RN E S gt By 72, B8 BT 7 ) 4 50 48 452 2% 2% £ (Absolute Loss Func-
tion) A1 J7 417 2% 2% $t(Quadratic Loss Function). i&45 — S5 & i Eb fn s 451 5% bR
H(Logarithmic Loss Function)f1 & #4525 #% £ (Exponential Loss Function). PA_I-
(1) R B T B BT AR AR TR IR 22 0 SRR — b m 1R 22, ATk 75 22
FOREAFEA (B R 22 PR SR P, 3l FRATIE E P AR 2% % (Cost Function). &
FH AR B B0 Y5 75 % 22 (Mean Square Error). 3275 #R % %2 (Root Mean Square Er-
ror), ¥4 %} 1% % (Mean Absolute Error) f128 X B8 %1 (Cross Entry Function). Lt
¥ I IRARZE W R IE AN

NP
RMSE = | = ) (- p® 2.25
J N;( P) (2.25)

HAifoRBIUNHEAR, RpRHSHE, pRasTNE. &G N E 282
HbreR 8, B s B SEat E, IRIN— @ AR ST OOK: BN %D, &
A e AR R B S BRI

Obj = cost + 1D(u) (2.26)

BRRX =AM xR, H2@EFERINMHEEIRM, WRAANEWIEGE. /£
o 23 A5 0 25 KA AR TR R I O0 F, JE BRI TF — /N P IR 451 2K R B (H bR R 30, 2L
FEPLINEIBE. Ao, ErESURRAE, HHEE DR, SRIEY
YR T E RN B S 2 (R DS EC AR BE,  bhl, “PIJ4aX%) iR % (Mean Absolute Er-
ror) FIRJ7 (R Squared)S555 . SRTMIEA LE 0] 21 v, 453 5% R BB T LA 40 2K o
ot v] DAE VA R 2L, Bhindsy 77 iR Z(MSE) &

HIRATRIE T IINES RN ARG RAFENERZE, PRz R
H 31 % 2 B BCE)FEAT T — R T w1 TR B R 2 R OR 2SR, At
A2 W 2% 27 3T 1 AE [ 4% FE 1L #2 (Forward propagation). f3F1R 722 )5, 75 E 4
132 1)V 2 I n) s [ W 28 EAT THBL, R ERCECE R ) wilk Bb, XA IR
Y J 7] 4% 7% (Back propagation; Rumelhart 45 1986). 4F W HIFEA R, HSL

27



B R B K PRI 2% B SR B 5 07T

B AN IAE p 2 18] 1R % 22 R B R w A i B LI R # . FiT L, A SR e SR A51% pR B0
wAME, BB AR 7 BE = 2] 7 AT FH E R R Ew N E Db, MK
EANREWAE R T ER IR 2, QR WIEE BT F$7%(Gradient Descent), #1JE K4
1 BE ML BE R P32 (Stochastic Gradient Descent, SGD, Bottou 2010)%%. 6
B e — AR B A B DRI T o 380 R KRR R AIK A, R w R BRI AT R

d(0b))
Yo T 5 0w,)

(2.27)

w, =

HeobjRRN BASRE, w, KR YA E, kiR >] % (learning rate) P K,
W 7 BEET R AL . 2 SO 2 FRATTE BR B I w, R AR 5, 3R XA S
T REmARE T, WA A, REILL AT F, BT DU AL E
Mow, FEE R w,,, SEBL 7 ACE B SR ERAE, TS T B O SR 2 R AR A
U5 ST AR T ACE R MR &=, AR R I R A AR R EUE I
ARG, FEURG, /NIRRT, & I EE K
B LA — AR FE T Bk, 32 HH 3 & (Momentum) B & 7 B 143 R (Qian
1999), TEFHAR2.27MBEZ AT LTI AN—NEEEY, WRRA:

d(0bj)
d(wo)

Vi = By + (1= ) (2.28)

Hrbpmt 27 ZEA N E NN ESH, B PR E NI, K5 HEH
R
Wn = Wo — 1V (229)

XA R 2 Ak 2 WT DAASE R 2 IR U 8, kD iRV, RSO AR e . S5
T 6 45 SO IR BTR N, A B AT DL S 308 B HE N % R, H KR
XS EBENKEE, &EERR T B HE 2 1) Adam /7 7% (Adaptive Mo-
ment Estimation; Kingma £ Ba 2014), I H7ESzhrff SR SUR RiF. 0
2.9 7R — A FEAR I AR 22 X 2% 1) 18 AR S 2

ESCHTR IS R X 245 1) 1E 1) A 6 A0 TR AR 7 25— U e — IR GE B &
HEFAERE, Bk RERSH, BRI EH LM E LG4 2
i, RN SEORR ISR AL SRIM, 7ESEPRIIZRCE DS R, A
HFNGREAERD K, SEGHEINAA RS, BTG — RS I fE AR
[l 27 =) — I, BRI ST — RS 4. B DOl 02 e B R AR 4 oy ol A4
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Figure 2.9 The operation principle of a basic convolution neural network.

fLIR (Batch), AL IFEAL— B “HE R ~F(Batch Size)” . —KIEA—A
/LR (Batch) BE #4715, 554> Batch BL [ 1) TG KA S48 5 — WK IE [7) AL )
fefl, — O REFEATHSL R S B AS BEHn R 58128 2 e B 28—
A Batchil| Zx— IR A —IRI%EAR: iteration); J&THI IR MBatch 2 7E_F—MBatch
W RS EER L, SREEFINGCEH 28D, HI&)E— P Batchill 55,
HUA 5E I — IREpoch(FT A FEA 5E B — IR ZR) . EATH BAERZR Y-

Sample = {x1,x3,- -+ ,xn} (2.30)

Batch = {xy,x2,- -+ ,x,}, n<N (2.31)

HANKIRHEREFFEANEE, nkn “#RFBatch Size)”, FTiBatch/2 i
AL (Sample) W H 4. —MEpoch i 2 ME IR i(=Batch M 40), 7IRR
N

N
iteration = — (2.32)
n

210 feom — A EEA R BT S BRI ZR Ry ia E R . @ IZRnid
RErR, s 2 PETELERE A 25,

FEREASERRIINGRIERE R, S 2 AN KX Bl AT FE AR SR 2EAT 252 ST I ZR (AN
[FIEpoch), 5 250 2 45 RSN, VRS TEAR S af UG DL, A S 2836 2 BT AT
ARG UARGF I o (B2 AT ZR R IR, 5 75 N A LAt ) e £
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& 2.10 — N EARRIE X TTERIINIGR BRI IE

Figure 2.10 A basic training process for a complete training set.

B LA IRGF R TN EE AR, AR AE RN . X ZERAVEXT IR R
dAET, L Epoch &, MM UEEEMRYE A0 S H0T EA
2 FRAR AN VA, SXHE A AT DA 6 AR 22 R 25 1) 22 ST RE T BB IR . 3 b,
i T DU 6 R 5 A 38 R AN DAl R FiE b, RO S W AT ek B AT 75 22 45 I 2
JIT LART DAARHf WL 82K 15 L 8] 52 A Epoch i, B MR 478 )11 25 4R B0 1E 4R O 45 R AN 75
N A Z IR 2%

30



SE3E R TP SR B K BH I 25 R

BIF ETHEABIER KRR SR

x4 H i Ho K B ER,  ARH S 2% 78 R B 2 0L A2 1S 2R (AR 260k
Y, B3R, °TLUE HERRORBER RS &R, HamaEs T 2 L,
HORPU 2 IS B, (BRI IR 2 BN IS SR AR, H T B R i 2
ARAEERIFE, W0 R ESRBIARMEAT 2 O RCR o Rp ol e it & 1) o s s
M, BN EAREN B LB RES EATT, Pro 3] 252
AR DU K 2 6l i 0 SR AR B S 2R 7 58, BT 0 S 3
RN R o, EERATR EMNER P 2 S KA, WRMFE, R
JE RS A (B A8 ) YO A 420 SRR FRAT] 75 ZEAE K B IS 2 IR0 Z AT — 2%
FRAREE R AR, — R ORIELead AL B A B & i AR 1) ot el Ak 3
HEBR 90, NN B HVUN TR s . fe)m, ERTIH A D AR RRA . |,
Xt BB PN B B B 2 EAT R 201

3.1 —3kR B IR RN EHSOS) WL HEHe XFRE % ElfR P ae W ERE|JLFKPRESN
MK, teanmEst, BrF, BEF.
Figure 3.1 A full-disk Ha solar image from Huairou observation station. Several solar activi-

ties, such as flares, sunspots and streaks, can be observed in the image.
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% 3.1 5P BRI BRI .

Table 3.1 Data statistics of 5 stations.

Gy WEEE SCUHFEE AN RSR)

HSOS  2000-2018 1,088,914 8.1TB
1988-1994,

BBSO 454,923 2.1TB
2000-2017

NSO 1973-2015 7,299,490 5.1 TB

KSO 1963-2003 1,046,085 30 TB

KODA 1912-1973 18,313 680 GB

3.1 EHEIKEL

AR R 7R B 7 E5A &3l 4 H i Ha K B B R a8 50, 503l
FEHSOS(MR A M I ). BBSO(E E K B R S ). NSO EH LR E).
KSO. KODA (Kodaikanal Observatory of India), M [H] 5 B2 ¥ 1004E, MAdE
FRITS0TB. W15 3.1, Horb A S 5L 2 M i Rg 3R 804k ok i e
JE A2 FHCCD(F AT Rl & 2840 SREL BN 1 508 o bR T %5 & b 58 B2 AR ], 3R
AT EATHAT TR RE . g — 30 4. B, E4i%Lin 55 2020). H
T NSO ST [ HeaderHH i 2 W I B[R] 35X — 75 ZEOCHE 7, T2 7E BUG ¥ /2
s PN BB BT SRAFAE (R )38, P AZE LB 2 A, SIS B 22 I
28RN TR 5 077 :(Zhang 55 2019), W40 (RIS B IR R, figik TNSO® /D>
U B T4 2P 1

W TSR B I s 8, Fr VBN BEE B AR E, S &SR
W EAETE, WE3 2R T LR EE R E ARG, KB AW —1 2
BME AR S B IR PR B A s — R e BB B AR AE, (R B N ANEAE IEH
MRBA T . 4 T Re B R B 2R B 3 Pkt &G i IR, JF B gt
ATHRBIR BRI 26800, P RRZ IR R R 2 BAEE . =R SR E R, IHE
G AR, 2 5 T — S AL B AR, f 5 5 RO BH I 5 1 U3 R 2 5
.
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32 ASEHFEHLHBBERECTEERNEGN TG, KREETILESEMEHEN
REFFHER, ABA2AAE, —RTEETELMESR; —EXMEEIEERE

Figure 3.2 Examples of several images in historical data whose data quality does not meet the

requirements. The actual data will contain a variety of bad quality images, mainly in two
aspects: one is that there is no complete solar disk; the other is the abnormal state of the

sun’s surface.
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3.2 KPBEZRE DA FRFIFFAIFREL
321 KRG AEENEL

L FRAT P e AR SR, RILE T AEAEE 2 THRE R, i R
ZRZRE, X TR ERATIR e 08 b B & Py s A 1 4 B B K RH E 4
WAL, Sk, BATEES Y FHoughB . it/ — e Al K BI:(OTSU) &%
WA D AR A 4

Hough”& 4 i 5. tHPaul Hough?E 1962442 i, FHRAG I EME H i B 2k, A
JE SR BGEE, & A RT DA B 25 TT LA U [ ST R TR . R
W U EUR I R R ALAR RIS B A AR R, 4 T BRI 1 TR 1 R B XA
bR ERETR, RIERHENMEERR R AN R B, — RAEN AL R R P iR
% M2 (172 55 B A SR AR HE R B TOIR BB AL br R 25K, 7T DA A A R AR A
PR R A B T AR 7 R AR AR AR 2K

p =xcosf+ ycosb 3.1

X = Xx9+rcosb (32)
y=Yyy+rsinf
HorhpFoRFUR B ELRIEE, 0RRAE, (x,yo) RmE L, rRRFE. A
A AT DA EMGOBOR . BRI A, A R IIL 2% S8, Hough B # (¥ 15 &
oK — MRS R H MR, — ORI 2 (WA by & bl 2k
L2 MRS R, HEGH 2 R RAOERPEL, A a3 & 20
MBEEAN R Bm i, XN TRk, T Hm & AR5 iR s, 8%
NEREREE M EREEMER DK, KW RERGHEEE. Fril
FEAE I RIS 2 /N R, FRREAT AN, X 23 ks B FeAIK,  (H 2 ol T L) e
FEARBF I S, AT DUH CREAT W20 1 K BH [ A7) 5E A
/N — I (least sqaure method) A2 i it £z /M R Z2F 7 FI(SSE), KH %45 2 1)
FEAR SHE HARR BT . LinBATEE— DRI MIL G SRS (X, Y), FlE
R 15 P o A
R*=(x- AP+ (y-B) (3.3)
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For1(A, B)MIREE T 40 RO ARBR A4 . KT & A1

g’ =X - A+ (Y - By (3.4)
AT ZE TN
QO(a,b,c)
=62
=Y (g% - RY’ (3.5)

=T [(Xi- AP + (G- B - R’

= 3 [X2+ Y2 +aX; + bY; + |’

A1) P ERAD B, b, Qe b, )M B /NI I S BALAL(A, B
FERA:

(3.6)
R=IVa>+ 1> —4c

H _ETRIRTRD, e/ ZIRTTIE G HIEFR, Se e IR TR I 2o, B LUK
RS S AR AR . WORFSEHE BRI 2 AR S AL AT, A9 BT T Y
WG, FRMA R SARGFREEAR, i HEEARR.

REFR(OTSU)Z H H A AR T19794F 52 A, & 2 SRt R A
TR SR SR T 22 K & R BIE, BT DAOURR B KRR IR T 223k 38 7E
WBIET, KBGO var S AR Sb, PRJE N ST Z i K

6% = Py x(Qr —n)* + Pp X (Qp — 1) (3.7)

KRB EBN-TFEME, O QuUERITRMNE R TME, P Pyl
TR SR SN KRR Z A, TR PR 2 R A G P R
R X R HAE, 1mHRES =K E, AREEZAN ARG S
R TSR R

WAV BT SEAJTERL S, 5t A 5 1 10 DK B (5 i R B,
WE3.3, BB

1 ERRATTR B A — AN EARN A, BRNREAERE. A7
K FHough B 4fekar 5, 75 H — N PRI EL O ARAR AT A2, ST BB N IT
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PURIEF LA Hough 24t TR R Y MR TH S AR H AR, AT 1SE T -G 4
/N5 B Hough 22 48, R i HE AT BEAFAE 1R BH I 4 AN 5t B EBORHLIS (R DD 0 HH oK, 49
A HERR R A2 R AR T 3.4,

2. SRJE NS L THD) R AR B £ B, 3R KB B AT SR LU, A
[ &= B B ROR, RS EO, i KA SVA(OTSU) /- & K FH B4, HF
Pris HIHAERRE TP, 3.5, REXN LTSRN, WAL R,
2[5 BN TN H T R AT & 2R Bk, B, BEANTF .

3. % EIAGAT MR, TF R AR EE R R R, ORI
B K PRI S, B e A G 7 ) e )/ (RSB SRS R I Gt AT IR S 22 I
ik, HEEAL, SAE - DTHFR ARG ERES.

4. % B K BHIA G B A AT e/ TG B, A5 SRR R 5] O AL bR A
oo BRI A AR B3 450 - AR A B4R 0o Bl AR TAR 98 BLAE 1 B0 AR AR AT 242, 36
KR EREATBE— D I#], b TEE L, RSN E. N T IRIE
iR IE, RATRR EHEE AT —R2-30, IR AR A AR (A 1A
iR ZE AN, A 3RAT TR 1 A BH I8 28 (0 45 RS 15 & 2K 1

5. BE TRAFIE AR R4, (S HOT G

322 HERP

T SR FRATTHR A I T R, FRATK AR 7570 RF /EHSOS . BBSO.,
KSO. NSO/ & uli iy 4 H i #dE, I IA1ES E 091963-20184 . KAI5AS K FHE
ME. HTHEEER, RAICRHBEIHRE, A5 N LR AR I EET .
E[ FE KODA KU 1) ot & 1) 2, ZEAR 218 0 H T s A AT ] 4G 200 O B i 3l ¢
fiE, NLAECLAINT, B Le B o8 w] LI BT TTVE, A T 45 R M0
FRANE R, BAEEE AT AT — 4 1 50 BEH LR EL 105K B
1%, AT AN TIIERBRAFEER, SRFIMWTR2, NGitdREH, &
I3 kI 7708, PRI 268 31 1 98.55%, it IR ATT e sk 1y 77 v ] DA A
4 B bt 77 2o H CAEH w5 00 v A 28 58 SO BH 5 285 R 18U

BARPATT S 1 FE AT DLIA SR = 0 HE i e, R 0 HE I SRR T S T
B DAL, (HARSR S — AR R A, e — B e AT e i —
S AT EVEARAE, WIS BURR KA, BT T Arfg 45 R 5 0w, 88
TC2100% W, A0 T 358 B 6 4% e 77 V23R A B0 A FR A4, dn SN T]
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ALK, AN TI5 55, Xt IS4 R A2 15 IR s 5 /& Toik e I Wi, i
SRS T R TR A R . B DLAE R — S BRATHE 25 5 R

i R IR

BEANT5E, KRGS E 2 1T REdE

=32 KA. ZaiiKREZIRAIBENMELER.

Table 3.2 The results of random sampling for long period and multi station solar disk identi-

fication are presented.

4 FrEGE  IEMIRG HHRE B | F4 BREu BRI BRI IERE
1963 NSO 10 0 100% | 1992 KSO 10 0 100%
1964 NSO 10 0 100% | 1993 KSO 10 0 100%
1965 NSO 10 0 100% | 1994 KSO 10 0 100%
1966 NSO 10 0 100% | 1995 KSO 10 0 100%
1967 NSO 9 1 90% | 1996 KSO 10 0 100%
1968 NSO 9 1 90% | 1997 KSO 8 2 80%

1969 NSO 10 0 100% | 1998 KSO 10 0 100%
1970 NSO 10 0 100% | 1999 KSO 10 0 100%
1972 NSO 10 0 100% | 2000 KSO 10 0 100%
1973 NSO 10 0 100% | 2001 KSO 10 0 100%
1974 NSO 10 0 100% | 2002 KSO 10 0 100%
1975 NSO 10 0 100% | 2003 KSO 10 0 100%
1976 NSO 10 0 100% | 2004  BBSO 10 0 100%
1977 NSO 9 1 90% | 2005 BBSO 10 0 100%
1978 NSO 10 0 100% | 2006 KSO 10 0 100%
1979 NSO 10 0 100% | 2007 KSO 10 0 100%
1980 NSO 10 0 100% | 2008  BBSO 10 0 100%
1981 KSO 10 0 100% | 2009  BBSO 10 0 100%
1982 KSO 10 0 100% | 2010  BBSO 10 0 100%
1983 KSO 10 0 100% | 2011  BBSO 10 0 100%
1984 KSO 10 0 100% | 2012  BBSO 10 0 100%
1985 KSO 10 0 100% | 2013  BBSO 9 1 90%

1986 KSO 10 0 100% | 2014  HSOS 9 1 90%

1987 KSO 10 0 100% | 2015  HSOS 10 0 100%
1988 KSO 10 0 100% | 2016 ~ HSOS 10 0 100%
1989 KSO 10 0 100% | 2017  HSOS 10 0 100%
1990 KSO 10 0 100% | 2018  HSOS 9 1 90%

1991 KSO 10 0 100%
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Figure 3.3 Recognition and extraction algorithm of solar disk. It includes whether the solar
disk exists, whether it meets the requirements, and saves the center and radius of the

circle.
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i-O 7 91 ——BURY

& 3.4 A HoughZE x4/ NWEIRIEITVIS BN, RfE MR EIGHERGEIYIEI L K

Figure 3.4 Hough transform is used to locate the circle of the reduced image, and then the

original image is roughly cut out.

(@) (b)
(©) (d)

[ 3.5 Xt AHEEIE Sk K PRE I TR 2 B K FHE &

Figure 3.5 For the roughly cut out of the sun disc, further processing, segmentation of the sun

disk.
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3.3 2 HEHoE G AR
3.3.1 XKPAIRO SRS R LR

zeid b AL B S, AR T AR 1A T PUR RS B AR AE R
JOFT 153 5 P SR o 9% T S P ) A IO 8] 8% P A7 8 Tl 22 B 5 B R (Ozhogiina. 2009) BV A
B O BR AL 2B W AR S . O 1 3RBGR B 0 A BB S BIR, /R 24T
I 12 B I R £ B, FEZER AT R AE B BRI ORI B O ARFR 42, 8
BE N R IR ARAR SR N IRAR AR 2R, SR )5 DT i) B i 48 (Denker 55 1999,
Csizmadia 55 2013)F HXHFE AR A 7 A EUHE), 198 — 200 I ik S g i 2, 9%
R IR, MR B AR R ORARR R, e R B
F%(Zharkova 55 2003). il B I 25 B 2 )i R AEAT 16 2 A7 AR 5 70 A A 1 5
IS, FA1KH 2 W L& AR (Bernasconi %5 2005, Yuan %5 2011; #] %
F s DBEAT 28R, FINBLH) S Z 307 AL & DU By — o6 2 IR R B &
AN T, ERFRIAA:

gx,y)=ap+a1x + py + a3x* + a4y2 + asxy + @ex’ + a7y3 + agxzy + agxy2 (3.8)
He, £ T EIRAE H R R, A5 BRI B L5 G M EHG RS
HRFIAI S, SRR T —AS5R AR 20 14 H HOKFHEIS . wilE3.6.

3.3.2 K[ERESERYIEE

AR E R R, AR R SR AR 5T, HGR DN T S BT
AT R BAME 25 R, 75 B — DX R BEAT B s Ab 28, sl K BHIS S5 RFAE. i
TORBHIE S AL EUR H I s BEAEAG, 22RO, RATRAEA P RCHE
A5 # (bottom-hat transformation; A 2.17)K 58 KFHEE 2%, & 66K BE 3
X B ok, A R B SARIE AR e BB 2 22, R UG s v 1 (X 4
BEAT ARG 58, A RN

T =T, -Th (3.9)

HAT, FoR 010 S LB E M EUR, Tpo RmX T, HATIRIE BB B, a0
K3.7.
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(c)

3.6 B2 IEa SRS RN AR, (FRTREKHRZE CLRMERE, FA
ETE®BPOHNEES; OZANREGDHUEHRNIRLTEEIL; ORUEHE
A EMNER; (DRINRImLEEMAHSMER, 2IEEXNHSNEES
i

Figure 3.6 The image after removing limb darkening and non-uniformity. (a) It refers to the

original image and placed in the center of the image; (b) the limb darkening image fitted
from the original image; (c) the non-uniformity image fitted from the original image;
(d) the image with relatively uniform intensity after deducting the limb darkening and

non-uniformity.
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(d)

3.7 R ARG I Haxs B G ARSI T A iR A8, ()ImL BRI ERE
HIEG; (b)RBERELRSLRNES; (oERUEHETRSR, ATUELAMREZEH
ERIIEE.

Figure 3.7 The bottom-hat transform is used to enhance the dark region of the image selectively.

(a) The results show that the limb darkening and nonuniformity are removed; (b) the
image applied to the bottom-hat transform; (c) the enhanced image shows the obvious

enhancement of the solar filament.
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3.4 KPEREEIR A
3.4.1 HHEMES G E

23 B TRACEE,  ORBH [R5 A0 5 B A A SRt B A T, R A
FRERPHBE B AR BR R EE, KR PMHBRIR, HEANGRREESE
I IEZS 73 A1 (Normal distribution; X FR & 70 47),  1X M2 K H IR FAEH 8 WA —
ANorAi . BB ERTE, B EE A R R E o A s 2 b T R R 2
e 9 S B SR FE E R D, MOKRPHIE A AR5 E I REE 15 R, 3 R B4R
R AAFAE R FRTE SN B 7 2 5 R ZH,  FAD T 18 2 95 B A A DK BH I 2% B
BT, IS R v T D B R DS A R A U B 2

AT CLE HE R E T, SRR LLE H BB e BN IES A
ITEAR, BATHEAT AR A Gt 2 Enil, A Rk B = a4, 15
BN IME b Z o . BRIRIEN:

1 e

ol (3.10)
BT RN TAR SR ) () K FH I 2 2 S LG SR (R IR = X, e s S (A
SR vy 7 R D AR R AN DX, TS T R R — A “30 7 TR

J(x) =

T=u-3c (3.11)

AT AR 5 915 BB TR E A A& B B, R a0 R AT K BRI 2% (4 70 &1
#AE,

InE3.8(2L), LA HY 2R R B A A IR0 B s AN 21 £ Br 2 R, B
E7 Rt 2 gt 2 IS 0 AT, AEE AR 28 58 BEAE 58, UL WK BH (R4
P A i FEE A e K s IMELAH 22 BBV, IR 7 it R AR AR PR o0 L PEE R AT
Fit DASR P AR A2 ot B R EAT 19 5, A BEI3.8CA7) b AT LA HH A IoH B 2% 5 B i F
W5, T ELT R 58 AR BE U I KB 5 4 A AR R B oK /N B 58 A
ZEAZR, B ER I L 155

13,952 A I BT BIEAT B e S e B &, RS IUR-square i bR BEAT 5%
PERR I, B ENKT0.988, RIFIRMEIMEANbRER, KA “30” N, 5205
7 TRREL, 0 R AT AR IR 26 R 73 B PR 45 R o A B Al R0 K B G5 2% 7T A
AR EIHR, (R TG TER R IR, 2R 2% 70 5 ORI [R] I 2 Bl
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Figure 3.8 Left panel: the image after the limb darkening and non-uniformity removal and
its histogram ; right panel: the image enhanced by bottom-hat transformation. and its

histogram
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AFRELE, EATER A FHCCDIRIE 8, R IEA 00 B 7 A 2 I AR B
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Figure 3.9 The result of recognition and segmentation of solar filaments. (a) Represents the

enhanced image; (b) is its histogram; (c) is the segmentation result of solar filaments
with noise and sunspots; (d) is the recognition and segmentation result of solar filaments

without noise and spots.

UL FIEA AT LU MCCD RIS 21K 42 H T Ho K FH R, 3 m) U
Xk B AR /S, RRad A BdE, w31, mTRE A
PAREEEARI T 5, i BRI AT 2 e, R PH E A
IR AT, [FIRR e 2 H R BH i 25 1R 70 45 2R
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p=2.1873e+04 p=2.1872e+04 Y=2.7196e+04
0=1.8320e+03 0=1.7132e+03| 10 0=2.1626e+03

0 o
4 6x104 0 2 4 6x104

3.10 —ME=EANEWMILEEIGIF, EIER2CCDHENIRIE KEB2013F1848RE—X
HEIE. @FRAALENEE; ORENNESE, NEGINHAENTEES
A Z2.1873e+04, 2.1872e+04, 2.7196e+047511.8320e+03, 1.7132e+03. 2.1626e+03;
(OR=NEBWHAVIRA T EIER .

Figure 3.10 A comparative example on 2013 January 4. The data were all acquired with
CCD cameras. (a) the pre-processed images; (b) the histograms of the above images with
curve means are 2.1873e+04, 2.1872¢+04, and 2.7196e+04, and standard deviations are

1.8320e+03, 1.7132e+03, and 2.1626e+03, respectively; (c) the recognition results

342 SR

N T WAERAT M TS, FAEHL,  BRATTXS AT S AS G kA R AL
R 105k BHE HEAT N T30AE, 45 RanR3.4F13.3F7 R, X -T B0 (R 1
-3 0 B 2 N86.55%, AN SR ULIE A& LU AT FE . FRATT R AR IX L & 3l o,
KSO & ul ARG ORI 22 IR, 82%, R Z A & AEE 5T i R Al 1
B, BEXFIXAN L, BATE N T XTKSOS ui i R G HHE KL, 1% 6 b 1 R 4G

46



SE3E R TP SR B K BH I 25 R

B R4 #RAFAE TR AN o T T 18] 5B LA NSOkt A 2R
#88.82%, HLKSOMIAHN & —2%, 35t WINSO) EIE 51 fAH 5L T KSOkK i 5 4
Be . RO 2 A 1) 2 BBSOMY, 18 £93.75%, HKZHSOSHI, HN90%. IX
LT P e TR ) B, TS %) O O [ 8 VR A R0 i PR R B 2% R AN TS
WG AERE A, & R R R AR 1R AR S &R R
RIS BRI PR A XA, TN B T I ARRHIE,  (H 2 22 TR VB AR A R 1) K BH
s 2. BME R AE AR EE A S ME Y, BT RE R, ELLE
B2 T 5E LA Aok e Bk T HLBRATT R IR LI 0 B A RO A SR A, R
A T B A AU B, AT B BB T R ) R E TR A — 2, BT LA
TP DA K g 7 AR R R i, B LSS SR b

%= 3.3 BN AU BARURAE.

Table 3.3 The effective recognition rate of each station.

Pl eu  SH ARUEE FREIEE AR

NSO 170 151 19 88.82%

KSO 250 205 45 82%
BBSO 80 75 5 93.75%
HSOS 50 45 5 90%

ALL 550 476 74 86.55%
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® 34 KEAH, ZEMBIKPEREFIRAIREHHELER .
Table 3.4 The results of random sampling for long period and multi station solar filament

identification are presented.

F RGYE AR AR ARORBE | £0 e EMiRh ARG AR
1963 NSO 8 2 80% 1992 KSO 8 2 80%
1964 NSO 9 1 90% 1993 KSO 5 5 50%
1965 NSO 10 0 100% 1994 KSO 6 4 60%
1966 NSO 9 1 90% 1995 KSO 8 2 80%
1967 NSO 8 2 80% 1996 KSO 7 3 80%
1968 NSO 8 2 80% 1997 KSO 6 4 60%
1969 NSO 9 1 90% 1998 KSO 9 1 90%
1970 NSO 9 1 90% 1999 KSO 10 0 100%
1972 NSO 9 1 90% 2000 KSO 8 2 80%
1973 NSO 10 0 100% 2001 KSO 10 0 100%
1974 NSO 10 0 100% 2002 KSO 10 0 100%
1975 NSO 9 1 90% 2003 KSO 10 0 100%
1976 NSO 8 2 80% 2004 BBSO 10 0 100%
1977 NSO 8 2 80% 2005 BBSO 9 1 90%
1978 NSO 9 1 90% 2006 KSO 10 0 100%
1979 NSO 9 1 90% 2007 KSO 10 0 100%
1980 NSO 9 1 90% 2008  BBSO 9 1 90%
1981 KSO 9 1 90% 2009  BBSO 10 0 100%
1982 KSO 10 0 100% 2010  BBSO 9 1 90%
1983 KSO 8 2 80% 2011 BBSO 10 0 100%
1984 KSO 7 3 70% 2012  BBSO 9 1 90%
1985 KSO 6 4 60% 2013  BBSO 9 1 90%
1986 KSO 8 2 80% 2014  HSOS 8 2 80%
1987 KSO 6 4 60% 2015  HSOS 10 0 100%
1988 KSO 8 2 80% 2016  HSOS 10 0 100%
1989 KSO 7 3 70% 2017  HSOS 10 0 100%
1990 KSO 10 0 100% 2018  HSOS 7 3 70%
1991 KSO 9 1 90%
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Figure 3.11 An NSO example on 1967 January 1. Its data were originally recorded in photo-
graphic plates/films and scanned into a digital image. (a) The plate/film image and its
statistical histogram; the same is shown for the panels (a)—(d). (b) The digitalized image
with a P-angle correction. (c) The image with limb darkening being further removed. (d)
The image with an uneven background being removed as well and its histogram showing
a normal distribution, in which the curve mean is 3.1642e+04 and the standard deviation
is 2.3192e+03. (e) Left panel: the recognition result; right panel: the recognition resuj¢

with the noisy points being removed.
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m = N(R) (3.12)
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lon (m) 8
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6. PNHIAE: Wl EWE K SBarbsKISE A, Jol I 26 B J% 8 — X 5
o DRAF TSR E B8NS, LIRS 70 R AARR, SR 73 il X i 2R A0 %A 73
SCILE B, M RLTHSEAREAN 7y X5 R (A R A, A AR M.
SR BE— BRI DU P BBk 45 BF 5 2 1) TRV

7. FIITER: SRR AR I E A A T B H IR B AL B AR R SR A N

50



SE3E R TP SR B K BH I 25 R

Ptk PRSI AN A S BRI IE, 55 BB 1 B 2
EESE ]

8. BARARIKIER: WA LA I LRI 7T LA KR A
BRI M.

51



B R B K PRI 2% B SR B 5 07T

52



AR T AL 2% 1 [ AR B AN AR Y 1B

BATE ETERWEMEHECLEFRFEAEYS
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AU Rt & 1 P S B 25 Pk R B B 4T A ZOR I EE . BARAT IR s 1 I
W, (ERM TG AN RRYE, KRR RRE. P S0r
FURBR R BR[O AR bR A A, AR 7 AT A8, ATV HI W
BIEE RS L, 1T B0 EAR AR AE BB TR R A, A1 6R
FOH T AR BE AN OO W AT R R S AR, A AR R I IR UK B
£ (R [ O AR B AT AR, XK RIS ) TARRCR . (ERAX AT, W&
5 RES MG r (0] U H 5 R R il (] o AR AR AT AR B RAS JC U KRB, XK
PRANIEFAL 7 K B (5 O A AR AT 2 A2 IR R IO B R S8 B 9 — A2 SR
WONEUEMIRIAT, BRI DAAE R SR 22 (149777 1 A Pl 4R [l VA i ) 224K

AN, BATTHR T T A 2 0 45 1] U O [ i[5 o AA s AT
RIS, ER Lk 4 H il He KRB &M, )5 B8k = EE
M. AT = AT IR, 5 — /NG A A B A SRR B4l 1 48 5
LN BT A AHIRATE B CNNPM 25 B A F — S 25 Y SR 401 s e

+

yjljpfl\jnjfn%o

4.1 BIRIREL

T 150 X DA 70 0 IAF 8 A5 mT - i DARATT A Hp R 2 e B 5K
A PR A FE L (HSOS) R B T 32 100,0005K 4 H T Ha A FH EE A A AT E TS
£ HSOSZ LAt Ft FOU I BH i 32 ek pil 2 —, Ak 22 B =y i X e 4> H
THT R H 5 B, be i B (magnetograms) . B fEu{% (filtergrams) Al 22 5 8 &
K (dopplergrams). 20064 PART, A BH 2 1 i B2 37 5% 1) A — A H 0 I BRI B (A
A1 Hu 1986, Deng %5 1997), 14JEK 042044 imss, @il al A He 386 Fr (4
350.5AM-32A-+32A) K] iAMegaPlus 4. 20 I 4 I T . 20064ELLE, —AN#T
(205 2K 1145 B2 2 B3 0 N\ A8 FH 44 42 4= H T Ha Wil (Zhang 55 2007), & x& A PH
R AN . T K R6562.81A, HIBR0.25A, HEIGEHL
MR AELR 02 A(Liu 2020). 23RS, BEYGHS ). 4> H T Had RS2 KN4 3

53



B R B K PRI 2% B SR B 5 07T
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ARG B IR R E ISy, — B0 24 H T Ha K FH EHZ B 46 Hdh
B RAFHTE “txt” ST HUE B 5 O AR BR AT AR . AT A Hough 22 e
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P o AT AR Batch 89 78 e 2 3 12 B FRA20.1, BK20.01. Bl4.150RA
[FiJ e 75 25 PR PR 91 I A A AR R A A R 75 A ) IRk 0 BE IR A5 R [ 0 A2
INAIEEN
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© )

4.1 — PN EURIEENAF. (@FRRA—KNFEN T BEOLER, REBENEL; bR
SKBEHL T B AR, IREEEA0INER; (OR—KMENTECYER, BEEE
70.0489EfG; (D)R—IKBENL T BIDAAR, BRAEZEH0.0989E

Figure 4.1 An example of data augmentation. (a) Only an image of randomized center
coordinates without any noise. (b) An image of randomized center coordinates with
a noise density of 0.01. (c) An image of randomized center coordinates with a noise
density of 0.04. (d) An image of randomized center coordinates with a noise density of

0.09.

4.2 FILAICNNMLZIE R

LML 25 (CNNs) H ABR DL, 78 8B 52 U AT R B HE SR i K
i 13, BARAE RSO B, R W B 35 STRHIE R EORIE % . CNNsTT
PAFEAN TG ZARAT e 30 MRS D0 1, ARAEE I R 4R 80 B 310 5% S RFE,
A% G2 (1 B AL B 5 2o BB — e B . AR R AL P /5 2t
TR 7 FH DRI R ORFAE, L2k, M s MIXIREE. SR, CNNsA LAWK
A B3 SRR 0 24 . B L EARE 2 1 EREANIER, Rl
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PG HARKTIA 3 #1551 5%

FRATT4 H —/SCNNs &5 #4 B 5 I\ 4= H THI Ho A BH EUS 1 J5 46 Hidts o [ 13 K BH
[ 758 P [ 0o A R AT 247, IR AN 24 454 1) R SR T VGG Net I 25 155! (Simonyan
1 Zisserman 2014). VGGNet/&20144F EHE R 5 1R 571 Bk (ImageNetHk i) ¥
W%, VGGNetHIMAEIHEE LA 11ZRI9ZEAS, AEH =ANEERZEMHb S
B2, BIEFCNLE, B RR 2 R IR AE SR B 2 1 2 B 4

i1 A VGGNet I 25 15 B AN BEA HL 32 A TS5 A A, FRATH VGGNetts:
TG T — e udt, REBIRXTVGGNet-13. AT B CNNRL R fhSAN B R,
132, k4.2, LA Ei = EFVGGNet- 13 A . B =N EA S &2
LA E N — AL JZ (T D R AR B R 4R B A b i R ), AR — N iR A
BRUEEFH64x3x3HI BRI, B G REB LI R 70 7l /2 128%3%3, 256x3x%3,
512x3x3. 5 VGGNet-13AN[F] B2 72 258 DU b il 4N B R, JF HE e
WAZ . 5 — N =AEER, BTN 2EER R A 256161 81E,
H HOGHAZ A EE A FHL2 E A B A, B R ia 2N

H:%+a2}ﬂ 4.1)

HrbwRAESE, o REIEMMEHE T, EFEBHKCNNER Y, offi % B 40.01.
AMEAE R 22 B0 o 43 2R 18] I CNINASE R A s F () softmax BR 38, FRATTRSE Y (1) 8 Jm
—MEEEA AR RESRE. Bk, RERmHEAR— MR, 23X
IESEHEUERE, 2 AARER A PH R 35 1 [ Co AR AR AN 428 o FRATIE FH B 3 1) MR (K
JE BN VGGNet 18 I I =@ E R B K, SRt E RS 2&2x2.

TATH N AL A F LI E I E S H . N 7R R E RS E SR
ZJEAN, BATRE “padding” N “same”, IXFER] L AN Z )% N A 4 H
RST ORFE— B 110 HARJZE W16 SRR A A & 7 A 1 a4 (He 55 2015,
AILAZEE2.1), WG R W E N0k & .

BRI R E4.3, FERAE N AT, FRATFE ZE AL B R A
o RMBARE S FIR D —AEEWHN, @5, RIAEEIEE D NlgE.
R UEER AR AR . IR FEER A TEMEKIIZ, HRIESHIES); Wik
K TERWESHMESE); WAL RPN M. B RS
936861 EIG, XELEG I N AT, BN 1:1(R4.D. B4k, AT
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TR R AT, BATR B INA0EE 7y, AN I RT8 N EEASAE i
g4k, BIMNFEARMENIIESE, 10N EEARNE MR T S8 A AE 1 R A,
Batch K/NBEA8. BEAl, FEAMF & 2T AL

R 41 B HEARE.

Table 4.1 Number of Samples in Each Part.

R s e
o 1 93686
WgkE 0.8 74948
IAEEE 0.1 9368
MRS 0.1 9368

4.3, FEACNNR AL I Z50d Fe 7 i E — A B bri 2k e B A it .
AT LR WH 2% (1453 2K R B 21 U7 IR Z2(MSE) - 1] 3R 9

1 < )
MSE=— E =) 4.2
Mm:l(y Im) 4.2)

Hdry,., 9 AR EAE A FNAE . B A PEAL $8 b5 & R-square, & F E 5[5
S F(SSRFLE S5 FISSTY A %, EIIFRIARA:

M R Y M . )
SSR Z Wm(ym - ym) Z (ym - ym)
2 m=1 m=1
R S 43)
Z—l Wm(ym - ym)2 Z—l (ym - ym)2

Horip, AT, 5, 2810E, vy Bl BAER I 2l f2 ZRMSER 1
%, R-square/S A REHZUT L.

BATEFE “Adam” 1F N4 #2(Kingma A1 Ba 2014), ' HA AJ AR #2435
% (learning rate), AJ LMEHR KA BERIMG. WA I Z B N10-4, R
JAIE “val_loss” ABEIK, 5> 3G FEAK1/10, By >I 3 41078,

NT TR S A, E448R T 8BRS DY B S AR I 4
e, WEd.4@ TR, %2 3 TR ME 0B AREAE A — Se R [E) ) L RE 1 R
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FrfE. ZERE4.3b), = HRE T ANy K BH B 3 A SRR K AR P . B
EIZEINR, 2R B SRR A6 K RH A 1) SR AR IR . I8 A R A %
ERIBUEF R &, AR RHES 45 RIS C R .

FRATCNNE AR H K2 AT AR 2 2] 2, Bl45fR R 7 3RA TR ALK 5 o) i A 3%
WL . FRATTII IR IS & B8 NEpoch /&, WIR “val_loss” HIRAWD, W
PR TR0, VIR SR N1074, TERZ125EpochZ J&, SH—IRIEIRITA,
HHFBERI107. 5 K R KLE3TNEpochZ . AR5 BE 5 I it 8] ) 28
FNE S ZRAWT R, B R FIR-square 5 3% B AR, BbBHF RIS, &
L)% ) FAF IEAEL0 .
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Input
512x512x1

Conv(3x3), 64
B1 Conv(3x3), 64
Max-pooling(2x2)

Conv(3x3), 128

¥ Conv(ax3), 128
Max-pooling(2x2)

Conv(3x3), 256
B3 Conv(3x3), 256
Max-pooling(2x2)

Flaten

Dense(256)

.
Dense(3) ‘

Output (CX, Cy) N

& 4.2 I HICNNs[@VFE B LB 540 . BENMRESHEF/1E, HPE310NEREH3T
EEENE. MARSIZSROHRNRREEE, WHA=DMESH, SAMEEE
B HID AR R AR .

Figure 4.2 Architecture of the proposed CNNs regression model. The whole model consists
of 13 layers with ten convolutional layers and three fully connected layers. The input is
a single-channel image of 512x512 and the output is three positive real numbers, which

are the center coordinates and radius of the solar disk.
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| DATA | MODEL |

Data Acquisition H Dataset split H Data prepocessing The proposed CNNs

\

Data from HSOS |

Oulput
Yes

Random center coordinates Mean Squared Error (MSE) |

Data augmentation

43 ENMESHREE. BIMERERKBEMRERBIER. ERERRRESLER
r%‘— o
Figure 4.3 Schematic diagram of the entire task. The whole process consists of two parts: data

and model. The blue rectangle represents the task processing order.
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Figure 4.4 Feature maps of the proposed CNNs model. (a) The feature maps of the convolutional
layer in the first block. (b) Part of the feature maps of the convolutional layer in the fourth

block.
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Figure 4.5 Learning rate curve of one training process.
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43 LR

CNNsH A BRI H ¥ 26871, R i o 02 4k 0 204 55 B 3042 BURE,
FAE 1) R 5 25 R A @S AR PR G Ok R o AERXTUHF 7, AT FH v 4
[FICNNs#5 54 M 4> H T Ha B A B3 S BH B 25 1 3 O AR BR R 42 . 7E 4,611 7
AR, I ZRi R AERT61Epochs SR D, B8 IE451 2R ZE | 10>Epochs T 46 S
T VISR I B U H0.28, BRAIF 1 R IR 8R40 1.6 TE 14,611
AT F,  DNZRFIEGAIE I R-square 73 A TE ) LT AH B (47 B 2 B F- . BAT#R R
SELE0.99L I, IIIZER-square AN B . BEAk, FRATTHORERL 75 MR B AT 245
KN1.75, “FHIR-squareN0.9974 . X Ui B FRA TR BA R U 1924 ) g

—— train_loss 1.0+ f
2501 | —— val_loss
0.9 A
200 A |
|
0.8 A
150 | & .
& S
3 7
0.7 A
100 =
504 0.6
—— train_r_square
0 0.5 —— val_r_square
0 10 20 30 40 50 0 10 20 30 40 50
Epochs Epochs

[ 4.6 1)l 2x & AL £ FUMSEIR 5k B FIR-squarefiZk . 7EIZGSIZH, Ik EMIIEE
FRRIAIRA AT AR IS, 18T R-squareR{EI A M E thilliEiEs .

Figure 4.6 Curves of MSE loss and R-square for the training set and validation set. During the
training process, the loss of the model on the training set and the validation set can be
quickly converged, and the degree of fitting through R-square characterization has also

rapidly improved.

N T UE B BT AR Y B EE I, AT AAE I 5 B PRl BRATT RO A,
111 HLAE —> 250 BGZH R RS L I 5 B PPA BRATTAOAE A, 13X A ISR AN
FEK B SERT RS, EBARET, BIMENSE T HE, W47 O EL
fizs. “H” {6 HiHough LMl e /» — ik AT, X)a T LRAE. RO R EAE
AT IAREE H A250 A EE47@F, AU R E, eATEhs
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T OB L EJ7, XEWE BIAK x-center(cx) A L EHE 5. 4K%
BRI R R E I E A EL. ER4.70)F, REMRADMEHE, efF%
SRR OREL . XERE BRI y-center(cy) M hn fHAR 5 % 1) F 5855 FLAE A
Hl. f£E4.70), KREZEREAR THRORLHE, A0ERREE. &R Ed
FRAARERE T (OBARE P AR R AAE AN ENM, TR TRkl
AR, 3E RSERAT AR R S ) IR AN E s (2)IX B SR H A R T A
JEH) R eaE B, AR ZRd R T R 2 2 B L (3)— L
HRAFAEAS e B R BH 1R 2 3 B BRI TSR 22 e Ja PR AL ] 1
B A AN, — e A e TR RHEBT T T DO R .
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Figure 4.7 Regressed values and the true values of each image for the center coordinates and
the radius of the solar disk. The blue dashed line represents that the regressed values
equal the true values. Most samples run through the blue dotted line. There are a few

outliers because of cloud pollution, original errors, and incomplete circles.

BEAk, FATETHEE 1 RKBH R 45 8 (B AE S FAE 2 TR AR R 2

T-P
5:|T—|, 4.4)

HApTRREME, PRETNE. R4287R T ARG RZER G 5 Oextbbr
FE0.01 LA HUAHX 1% 72 998.4%, AHXT iR ZEAE0.01 /0. 12 [8) (i LA Oy 1.2% .t |
ik, R MR ZE N T 1% 5ROy RABFRT S, AEEMRT
WRZERKTOLMFEA . 99.2% KIAHXT R ZE /N 170.010 X T KFHIER 15, 65.2%0H)
FEARBIFXR Z S HITE0.01 AR, 34% IFEATE0.01-0.042 5] . R AT0.8% MIFEA
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FE0.04A10. 12 6], JE FAR AR R Z A QB0 AR bR, & A ARG 4R Z2 45 SR A
MEAR.  Bbsh, H— G ARHEPCHICPUTH AR BRI rh O A R AN A2~ 24 7

< 4.2 250 MER A RIHEXTIRZRIEE 5.

Table 4.2 Proportion of Different Relative Errors of 250 Samples

HIXHEZ  6<0.01 001 <6<0.1(0.04) (0.04)0.1 <6<020.1) &=0.2(0.1)
cxAERR 246 (98.4%) 3 (1.2%) 0 (0%) 1 (0.4%)
cy*AkR 248 (99.2%) 2 (0.8%) 0 (0%) 0 (0%)

P 163 (65.2%) 85 (34.0%) 2 (0.8%) 0 (0%)

#0.953s, R, — & A 1070Ti GPUMRHEPC 34 H 75 220.024s 5 7] LL5E ik
M FE A5 o

AT HT T AEAS [F) e 7 85 FE R IR IR AL g PR A . FRATTREASE A T 101
A 7 (BB SR K B B 3 5 Qe 2 S T e AU Il A T R IS4 1X
B P45 2SO BEAR A BEATLGE B o B PR AR e 75 225 8 2R 0—0. 1 (AN (0.3 A i
R, HOPKON0.01. RA3EIR T BRI [ 7S 5 R AR A Rl 45 SR 5 EUSEAE I
befs . i PEBOR I, TEANIRI RS 2 BT, KB B4 0 AR AR ZE TS AR AR,
R 43I ERBAEIREZE MREWEMEMETER.
Table 4.3 The True Values and the Regressed Results of the Model Under Typical Different

Noise Densities.

(cx,cy).r R 0 0.04 0.09

1

M=l - Y N )

—_
[=}

(243.19, 241.11), 217.77
(232.17, 240.12), 217.24
(238.03, 238.17), 216.64
(228.54, 246.64), 215.55
(240.70, 255.58), 215.37
(231.15, 243.96), 211.52
(236.26, 243.64), 211.04
(235.80, 248.70), 211.76
(235.35,235.77), 213.52
(237.81, 237.99), 219.43

(242.76, 241.21), 217.92
(231.84, 240.31), 217.69
(237.78, 238.54), 217.18
(228.18, 246.83), 216.62
(240.04, 255.81), 216.46
(230.43, 244.78), 214.20
(235.30, 244.56), 213.76
(235.04, 249.19), 214.28
(234.49, 236.49), 215.31
(237.67, 238.06), 219.77

(242.87, 241.15), 217.96
(231.88, 240.11), 217.69
(23776, 238.42), 217.22
(228.20, 246.77), 216.64
(240.08, 255.80), 216.53
(230.43, 244.71), 214.19
(235.22, 244.44), 213.72
(235.09, 249.12), 214.34
(234.45, 236.47), 215.36
(237.55, 238.07), 219.82

(242.76, 241.17), 217.95
(231.86, 240.15), 217.66
(237.88, 238.48), 217.19
(228.25, 246.78), 216.64
(240.18, 255.78), 216.51
(230.42, 244.75), 214.18
(235.25, 244.49), 213.71
(235.12,249.21), 214.34
(234.57, 236.40), 215.38
(237.72, 238.07), 219.64

BAKNIMER, FENERKELN2-3INMEER . B4R T R43T 5 —AFEAR
FIESTEAMEIRE R MM ZER. XX, 80 KEEG 22595, 1%
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Figure 4.8 Difference between true values and results under different noise densities. The line
represents the true values. The center coordinates and radius of the solar disk maintain

stable regression results.
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Figure 4.9 A visualization results of model regression. The white circles represent the results:
(a) the original image, (b) a result without noise, (c) a result with a noise density of 0.04,

and (d) a result with a noise density of 0.09.
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H55 ETE2ERMWEMERIKPAREFZIAM

AL FRAT 9 H A SOt ) A% 4 5 9 AT B I 25 AR 201, iR e B AR
A LAE R AT I 2 AR A A, (BRI TR G ERIRRE, FATERT K
BRI 2% (R IR ) AR IR, 58 2 A A B2 B/ R M i [R) IR A T I 25 1R R Al
ZiReh, s, PrOASRAIAE A S EE S AR . 98 LS S R AT
D WHERRERAE, AN AL S A7 ARG 2% RN R Rl fe S P DARRATT A
FHB B0 7 R EL B 25RO R BH IR B 9 OB 2%, AN SIN L 22 M e BT DARRATT 2%
A I3 TR B 22 ST R 05 sORBEAT SE 36, 38 SR I R W VR RES AT R EL4%
REAT ABH I 2 R3] o

51 M RAEGEIGLE A AR ITRMERZIRANNEF. XPAEESTFERENRER, X
LIFFRRAMER LS. MR < FFRTH.

Figure 5.1 One example of filament recognition using traditional image processing method.
There are a lot of noise points in the solar disk, which are represented by the scattered

and isolated yellow dispersion points in the right panel.

ATRHLWT /N A AR FRIEA AR G 9 SN
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5.1 FAEIKEL

H VA 0 BRI 25 R0 BAF BT I e 58, BT LARATT A BBSO¥YFDHA (Full-
Disk H-alpha Patrol Telescope) B 4= H i He A& FH ¥ HE, I HLH/FE B 4
FDHA /£BBSO - % H 14> H HHa i MU 19 F 2B %, B I UE AR 17 il N Zeiss
Lyot Filter 0.025 nm, FJ & 4% Y0 F ~N+0.30nm, FAZHLNIATPULNIX TM4200GE
Camera, RIMZFAMIAKALL021, 7333 2048%2048. EBBSO F3R1F I Ha %>
I T P A SRS B DY S [) J930ms o

ATHIE T B EOT K4 H R s BaE 4, BT AR AT B ]
HCEG v O B I SRR AIE SR PR 305K B AR A BRATT IR AR, — AN AT WL MY
25 AU 58 B A 5 SR PO 000 B B 25 o) BT B 1) B ARARAEAS 2, A2
AT BEXE I N R — 25 RN T 07 2O AT AR B 1A IE AL EE, XK
MR EHR N THIER—ANE RN TAER. BR8N > SRR E N
WEREE, T CaN G B Ry SRR, AR5 PR A i B 1 S SE R i
MR o [, FRATT SR EL T 205K B 1E N BESE,  H R AE W 25 1A )|
ZNiE

HAREA TS, — AR HHHa KB, 55— 200 B R BH S 4%
M HE, B RaEof, HohRER &KX, 0fRFIERFKXE. N TR
TEFRATARE R AT AT Y, B A RO UL IR &, 7% 2565 4 H T He K FH E1R
FOe BRI B, I HOR K BH B35 LA 77 W B o K 6, SRk A8
—B RN LI AT HR IEAC R, DUE L9 2% 2% = 31 TEAf PR K BH I 2R AE

BT 3A TR BB NINZREE, 1 1R IRBE S 5 =] B BH S 5%
SEARBRAE, FRATTR A Bt 8 s ) 7 AT HUR Y 8. ERT SCiRAI 2 & n A
THIRSG R Z M7, FEARSRR T, IRATMEH TR, e, 480 #8H.
PR S5 SR HEAT RO ARG 5R,  WNRS. . ST AN I BE R R AL, S AR R
160002 5K H s LI Zrf H
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5.1 B MR BIRIEERN S H .

Table 5.1 Parameters of data enhancement of the improved network.

Jik 1 ]
Jie 0.2°
FH 0.5 OKFAIEEE 7 1A)
By 0.05
AR 0.05
A ke 50% HEZ
SER LT 50% HEZ
AR IR SE

5.2 BHAYU-Netfi&1&EEY

FATE W) U-NetP 28 J2 FE T 2B 4 N 4% (FCN; - Long %5 2015). FCNtH
72 B T R 22 X 26 (CNINs) (¥ — T (1 I 2% 25 19, 5 284 [ CNINs Y 4 A [/ 1
5&, FCNWIZHRH 2Es)2, AW B RUZFit b 2. TEFCNM4%
PR Z AT, T 7E EAR b S B ST R R B AR — . K2
ot 7u S AR A FHCNNsBEAT BHR r KBS . XRECRASERERE S
R ESLIE R PG E. BAh, LongE A5 — AN Z 5Tk /& e S T Bhik
gy, e LKk B IR OB (E B S ok B Z M EUE B G SCNNs
P 34T 53 AN, FCNs A LA UG b i AN R AUk 47 70 28 LS I B8R )
G

FCNHE 2 B £l AN 45 AHUZ 0 = A 4% B2 2 44 PR CININTs 7 288 ) 24 4 3 e
NEBRERM A EES.2). B0l R KSR ZE M EECE = BERE
HEAT BT 45 A& R B R B R, F—AN T R N: FCN-
8s. FCN-16s. FCN-32s. S/RFCNHA] LA R 5 2] B G h MR &R 1970 25145
By AITHEATE S BIEAE, (R BEA - E1 45 AR LU BOHTRE 1, BRI A 1R
ZHE R S B BRI . EZ S N TT R, — AR A
F(dilated convolution; Yu Fl Koltun 2016)8%ik— 5 i3k 2% 4 % (Chen %5 2014,
Chen %52016); 53— Me@ILH 2. 8 A RO E KBRS, HiDeconvNet(Noh
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Figure 5.2 Architecture of the fully convolutional networks (FCN). The entire network is
composed of convolutional layers without any fully connected layer. The FCNs combine

coarse and high layer information with fine and low layer information.

& 2015). SegNet(Badrinarayanan %% 2017). U-Net(Ronneberger %5 2015)%%., H
T-U-NetI 25 ¥ i@ RS i, FATK & F T RBARE 26 1000 o e i H., AT
e Lk — A 1R e R S (R L FRAT T I R R

U-Net/&: 5 FFCNMI 4 1), AR X IAHELL AT T8 omd e, (EILaeas
i F AR5 A PR AR I 2 RS SR SR A B MR AR N 45 SR o 6 1) D 8% 8540 | — 2 U 4
AR — SR AT R, TEWRAE AT R, AR EDE A SR D R RS
JEER AR, FRAE B I S AR AT THRAE IR 5 RIS A8 6 47 Hh AH A7 B IR R AIE I
FH 454 (Ronneberger 55 2015)0 /2%t ] DL S A JUAS T RSN ERA S

WEAEOLT, KR R AE R B A BRI ST AR /N, B4R U-Net/R A
X H AT E R 5 #] . Rk, BT 2L U-Net, A5 T Dropout/Z(Srivastava
S5 201 TERTIUAS N RPN EAZ 5T . M4k, 78 L RAEEed, AT
T BT AR ARAE TVE RSB REAT R ERAE(B5.3). 51\ HDropout/Z 1A
XA HRN:

' = B(p) x ¥, (5.1)

HppREEFML IR, B & E N0S, BREZMILE0EHE. Hi
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Figure 5.3 Architecture of the improved network. It contains a contracting path shown with
blue and an expansive path with green. The number below each box represents the
number of channels. The size of feature maps is provided at the left and right sides of the

box. Each box contains more operations as shown in Figure 5.4.

TE(L+ 1) EHE Tty 1] LXFETT 5

O = f{ (415t b(l+1)} i=1,2---N. (5.2)

4

IXAEBETE I H A2 22 LASO% 26 25 35 M BT A 27T

FE_ERAEH A, JRATAE Y S 3 AT i A A Q% S G AR R B R K, mT B
FEORUESE R A SEE R R SR M 2Rk B (B15.4) o B T AR RT AN, XA
R ORI 0 TR MR EAT 7 A 7 ORI B U 2 o iR g AR B0 8 P A v
Nw Ak, Aa BB IR B8 JSE T 5 23 Il 5wy by o 4 TR B PR AR AR 1] AR IR 9

- W
W—WZ,Wzio

h="h,#0
J P ? 0 (53)
Xo = int(x = w)

Yo = int(y * h)
Hrp s BB T 8 (xos o) 55 T IRAG R T I (x,p)
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Figure 5.4 Architecture of each colored box as shown in Figure 5.3. The blue dashed box
contains two convolution layers, one dropout layer, and one max-pooling layer. The green
dashed box consists of an up-sampling layer, a convolutional layer, a merging layer, and
two convolutional layers. The size of convolution kernels is 3 x 3. Each convolution
layer is followed by an activation function. The dropout layer discards neurons at a 50%
probability. The up-sampling layer use the nearest-neighbor interpolation instead of
deconvolution.Merging operation is used to connect the second convolution layer in each

down-sampling box and the up-sampling layers in each corresponding up-sampling box.

P T FRANT S B (R A0 A2 2% AR R B o, 8 4R 10 B RS #EAN A3 AN U 8 R~
N512x512. Batch K/MNEE N2, HATIEFEAdamE RIS (Kingma F1 Ba2014),
FOJRBENIOT, A BRI IE 2 IR 50 1 (He 55 2015), FrA Y
i BRI N0TKE . BAMZER T iRIE—E, HAhERE0E R E#H S “ReLU”

PR, Ba— 2 RHBZ “sigmoid” BREL, WRIRON:

1
1 +ex’

S(x) = (5.4)
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Horr xR HIT T P28 (K AD B R 45 SR B . " 45 A LS 21)0- 12 18], ki 158
SRR T H Aw . 28R (1) 40 2K iR Bl — It 28 X (binary cross-entropy), A
TIRN:

loss = = > ilogy; + (1= 9;)log(1 = y;)i = 1,2, - N, (5.5
i=1
HrbyRonmias 1, 98 EAH. VPSR EUE FH#ERR 2 (Accuracy), &FX%F 41
SRR, AU T 00 AR 3R 2 S B s B B, L RIE 50N

TP +TN
A = 5.6
Ay = TP TN + FP+ FN (56)

HATP. TN. FPFIFN% 537~ B2 (True Positive Rate). [ % (True Nega-
tive Rate). i FH % (False Positive Rate). 1{F[H % (False Negative Rate).

53 ZERoHT

WES.6, TTLUE HAE IR 5 1453 20 45 R 5 B0 K BH BE i 25y
TEREAT YN8, MIASGESITIESI KRR S, RAEHZMHRSE. Bs5s5R
7 I BT M 2% I 25 T Loss Ml Accuracy B £, SR M7 Hival_loss H %A Flloss—
PSR, val_accth 3 Bace—FEIRSL, IX/EMR KAREE Bt F I IF 5 E
W, AIMNGREAK T EEERAEARER, HEHIFASEIIGLRE,
RV NS, [E5.5/5 30 Fi7m B 54 Epochs X 48 P i 8, I 420 Epochs /2
i, 1E0.0057c AN PR 22 T B . 1 AH B accuracy £ Hi 51N EpochsitViE $2 7+, FF
HAE201 Epochs /s 47 E0.998F5 & N 3K, 3 15t B 3 1) 00 2% 7] AR Fr R AT 2% 2J )il

BAFRATIEIL T 105K BUAE NEATHIMAREE, X HAERIERRAT 00 72 A
ARATYE, T BRI RRAT i B S, RATEEHLIE 007K KA
ZH R ST AR AR R AT M. E TR BH S 2 A R TR A HRAE, 1 HLAR
2 | /NI % PRI R A I AR, BT CAFRAT TR L A v Al s A iy 77 =X
FIW R JE S B AR R REDRT, TR 5 A SR N TR S
K B S P K B % 1R SR N I AR A, T PPN 2 N = AN S SR AR AR
BRI A H BHGR RN EE ZORIR2) 2R R IRR3). #5.2 BT 3RA]
XF 1004 BEALAIREAHEAT N TIUE /BT ol 0, AR T7E AT UL BT A IR A R
HH PR K S B 2 0EAT A R, A 7T AN RE A A R DU R AT ot A BH I 4%
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Figure 5.5 Loss and accuracy in the training process of the proposed network using a training

set.

< 5.2 100 FENL AR BTIRBIZE R .

Table 5.2 Results of the recognition of 100 random samples.
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Figure 5.6 One example of segmentation results using the improved U-Net network. (a) The
preprocessed Ho images. (b) The ground truths. (c¢) The probability maps. (d) The

segmentation results. (e) The segmentation result using traditional image processing.
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