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N IIKT BEE N TR REROAR IR AT I, U1 TensorFlow™, Keras®, PyTorch™ %5
J5£ 2 STHE SRR R, RE) R RN I R TR B p 48 R 2% (R R T TR R R BRAR MILBR 22 ST 132
MR TR BV MBS ROUFEEARE HARRL AU, JyiX e R 7 R HE i
AR R 5] R P T S

HHTZE R SO0, W B4 R Rk Uk e, B B M B0 SRR AN T4 71, 250l
BRI, iz 21 (Pan-STARRS). %2 RAM7T R KR EILE (Transiting Exoplanet
Survey Telescope, TESS). FXZ & il (Gaia) 45 K KRR & T ¥4 @i K074
R HE (Large Synoptic Survey Telescope, LSST) F1-F 5 T K LB 85 fF (Square
Kilometer Array, SKA) %551 H ()45 & 485 3] PB &% RICFFATEYIHEN T RETT
ER i ERAE, I NP EZIE ASRIUENR . ALAS 5 I TR IR SR 2 1 R SCREAR 73 #4274
MR B, PEFlEaHTREER RIS, anEHGRMEE, WL RS 5T
NT AW AR B @R, RIS IE fe il 346 R RFE 7 =) 35 Bl R S X A [ 4 5 2
BURHIE, RIATE A RE SRR IR R, MLERF I T H TR R B R m e dm ke &
GER SAHIRNE,  RETE B R ST 2 14248 AR AN KA S ) R A o

RICFFATM 20 22 90 FEAGER BTG IR R AL FANLER 7 I J71k, 2004 B8 TE AR,
2015 FFMRAE] . TER, R IHEARTIH N TE RS = ORE, HTIREAA
TR ERAERBEN 1EF A TN SRS SUAR IS R . B 2014 FLOK,
ROCE IO A I 7 AR 22 8 R VR B2 2 ST AT B 0 A B AR 30, JRIZAEIG . WF 5389,
EVF 2R EAT S DRSS I T ARG AR SE N LB RAR I 7%, 3R18 T 2R
NBLFRMEI, FA) i) N A5

AR R AR ER 18 S ER A R AR (W Ma) FrR), ROCFUEIL AR, 22
KRB R] “HLE )7 (BFERES 1) HIR S 2004 FE AR B, 1E 2012 2 4 4R
HGEHE N, 2018 SEFEAT VRGOS SCEE] T 195 5%, N EARFATPFUGRSCNE R 400 2R, H
H 2014 — 2018 H5 K ST A PR B 27 X)) SCECR KR in. il mb) B, B TR 2
ST L B 2014 FEIFAE L, 2017 fEDLRIGKIE, 2018 KR [FAT PR ST
Bt T 60 K, o EAEFRATIRFSGE SIS T 150 B B BN TR SCEE R N R AR ) Tk
WICHIAT T R, 87 IR S SIAE R SO 7 A b B v B R 7 1), B G T AIE
BENERER I NGB THER AT ), TSR — SR SO S PR N 2 B
MK, w5 7R, RAMTEAEST. 5IUES RN BRI, K BH B i
o IXRELR R MR 2 IR L ) V2 B T RSO 2 b, A L)
13 TR TAR G INE R, & — Mo 0 2 808 5 i b 30775, 78245 B R SOR R I
£ BRRE 22 (1) R S5 It 508 PR FE 27 2] 7140 BT R 4 2540

®https://www.tensorflow.org/
®https://keras.io/
®https://pytorch.org/

®https://ui.adsabs.harvard.edu/
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H)E T I B ) 7. BRI DUARAR R AR AR AN AR A 0 2 T P4k B e g e 4R 2 s e 1
FMRLES R RIE, PTRETE B R BRI R, (At B REORE A ) — SR ik, P
Bl — M IR ) SR E AT, W UAEBIEAR S AN TR RS A, R A
FH RS IC O AR 10 B0 ST Y,

FRYEAN A B R SCEAR SRR AR 7T 7 1), R SCHALES 2 AR 55 FE ARG LT JLA.

(1) HFstariiiFn sy

E A A I A 2 202 R SCEHE o B i — T AT 55 H bkl 3 B2 MCEE 7t B3 3R 151 1
BN RE S E R W S R RAR, WTUUEER — AN dE . A IR T E AR
H BARIIALBEAVE R, X R B AR AR, MR, B AR SRR
P BAR PSRBT, mT R — A A R R . R SCE USRI D 22l
SSAE UG RNAE 55 A AR S BRI R FE 2 2] 7 i B AR A M 2% (convolutional neural
network, CNN), 4438 T RAFHR A2, R RHK"" SI0Eanm™ ™. &
USRI T 2, P RMRRI, R NEERE SR T LA B RESIAT
K407, HOBRR ULECSE H AT TS REE R ERE Bl H AL Sl 5 ) ikt
BRI S
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ZHAGTHENLES 2 ) A R B (B3 ) . TR A R AR AR 1 ) 4 A AR R I R 1S
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HAEEMNBAR, BRMENREMZ TS E— 2R RS EREEHE, F
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W, LR E M I 253815 1T B

LIRMAMNE —RKHZNMERE WLE. SEEEEEWHN, XEEARENHETE
B AN [R) B DX 2 S5 o Bt L T ST 5 TS T B T IBBR N, 6 A I 245 1) 2 808
VR, G T — AL B AN 25 B8, 4 AlexNet”, GoogLeNet™, VGGNet'™
ResNet™ Fil DenseNet'™ &, £ F SCHUH 20 B b BEIK B2 o, BT fO #6 4 K 20 AL T I
THER AN ST 28 S X 23 A 1Y
3.2 TRIMHZMLE

PEFA PP 22 X 2% 7 — 80 1A 28 e Z B804t iR pp 2 I 4, 4 Sl B 1 R S b it e 8l
(I, RIS B HEAT BT ILR. AR KT el s s RS, 3l
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PEMZ M4 (recurrent neural network, RNN) [ i1 BB AT #H & W 28 05 1012, 78
S Ia) A% A WX 2% At b 5 NFE T I TR (AR FAALA], AR T I — AN IRES . W& B
N, B TTEE SR I S EULE R N NN R, ARSI A = 4R
t, WERA R B 205 A 5% RNNIE AR SRR g, H2REE R RGN, W] ae
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R Z A EEH TR G SR, SCERE TR, BUSTTYUE BT — I RPIRES
WS SR = 5, BN T e A A5 BAR B A ADIRES . LSTM Refg fx B K12,
HEGINTEZHZH, INZRITHE AT ] RA B 2 9.
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Hlass 2, F AR RARE QA SRR o, EHORFAMMEDI A p(y | 2), HH
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GTAE, Wnr DARYE Wi A p(z,y)= ply | 2)p(z) KAE p(y | x), 310 B2 00 8 1%
B TR ) I I 2 ARt DRy ) A R AN A RSB, R S A AR X 2 DA S A A 348 U ) 2% )
NP, A2 BB A TG I BHAR B 2 ) R FE BB, RSO PRI P A A 7Y =



2 3 P —3€, . IREESIFERICFASUR IR A 5 Bt 175
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TR R 2 MRS . O 2 RE LI IE S, IR ST X = g(2) IR
A, 7R SCEAUR M6 S0, VAR B SR 45 6w TR A B G il 2 1
WHEEREREBRET, UULERH TR R R ARG %,

GAN & — bl 5 T 7] 480 2 ol 55 90 4 0T HE 20 B () 2 pl s e BT v, ol 7 A 420 19 24 40
PR BRI AR ) S % PR DO 45 P P A T ) ) B R P B SR A, )
9 00 235 43 ) DN 20 ST S5O0 A A R 7 A F B RO AR IE AT IX 48, JIBTREA R B SERE A
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MR, UK SRS S A ISR, 7E R SRR IR UM I R, R A
BB FERRIORA, R TSR, HRASBIEIR R, EAF A
HLES 2 2] g ST M S R AR 2, @ e S @ R A Sk R, T2
AT A H — B R R 25 AR B R 2%, 2 A 5] 1B B CosmoGAN'™, RAMTE
KB HAREUY ExoGAN'™, B ZEMZ E (1 GalaxyGAN™ 2%,

B T UAE L2 Mo 20 R, H At — G Y 2 = B ARLRN 7 3 U A P T R ST 4y
BEeF, SR o AR 0 R A AR S S S ), ) s 2 ST i IR A 3 i T LA
5/ TR BB X TS I R PR FEE o 420 ) % R R AT, R DRI 5 B AR )

4 TRBESE SIHER I e A AR 1 N

REE S SRR SCHAR /- i b B S A, B 1 el B B AR 73 RS 4, ek
WE IR IR Y RBIEZ R T IA, gl Jjki, R4MTEM T Bk
WSS, H TR S IR SCEAR AR R T8 A8 242, DUR E s R IR B 52 2] EAE
RCHE Tt A AR MR
4.1 SRR

G TR B T 25 R SCHH R RENE . REBUR LIGO M Virgo BOGTAL S
JIUEPRIN 25 e 0 R I B0 G55 ) 51 T35 5, (R Bt 2 s ) 2 2 55 AR A 2% i R T ik o
i (glitches), EAIMN T 5 RS 5] J1AE 5IRE. FE K2 dEm e, JF A aed
ZMIEOLFE, FIMRHEE A% RN 5] 77 SR i sk Se it v, BRI R S5 AN 2R A
IREE S BRI GAEAY, DL RS # X 43 FLSE 1) 5] J7 A5 5 A0 H A e A ol AR 5

George F1 Huerta™ 26 5 S22 10K 1 35 B2 0 46 IS T 51 738 16T D00 P ) 0, sty
WS J1EAE S, WE B AT AR ZE A i 51 IR B N SE LIGO M {E
NGRS, IR0 T AR PR FEG AR A N 4, TR S I P45 5
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ST (5 S, IR U SR A S DUARTR T, Sl S PR R 3 3 B 28 0 4% 11
D7 EEAE 52 LIGO ¥ b SRR T 0 7 v R M 2 TE L, R B, L7 3L
S PARARART, At ST LD BT AE B TR 75 (0 B I 745 5. George 25 N™ R FIAERS 2 )
Tk, e P EL S A R BRI 2R AT (3 RO 2 I 4 S T Gravity Spy 5 (931 J7%
SR IR, X s S AT 4 KA AR M 2K, Razzano Al Cuoco™ SR FH 3 BN 2 7 24
ot A PR HEAT R, PRI B T HREAT 403K, FEAERRLI I ot T4 EHEAT T K, 52
W BN, MR R DO X R T IRHEAT A, BRI T SR L, B4R [ A
BEHLAR AR S G 5 S 0 ik, T IME R 9%, AT FT-FFR 31 7 sei Kol T AL
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Ko R 2 21 T3 AN AT DA Bl AT AT S B 405 v ) S5 S 5] A 5 AL IR Jhk b 4R
55, RN RIS Bkt P08 Rt — 28 0 2K 0 M. B I B s R R, BT R G0 i
WO ALE. BHE IR A S e n] DL B ok R A, S RA RIS K BE s B
LA 1R R DX TR HEAS AR AT W FEARK T e e 7 A b ey, PR 2 S T 000K
AT R N FH AT .

4.2 RIMTEET

FRIMT R TFRITERR AR R TT 0L — RICFEF R TR L, # AR
P HERBEMG| D BERIEE S RIS T RAMT B Hoh i Bk H TR B RAMT
BRZWI5%, LR, HEOCMATEARG, Hi7 BE 8 2 MW E 2 Ff, 20
I R LS A LRI /NIE R B, XA R IR A7, fERAR 4 ERBUAILN U
B TP A A B Bl e L TR e R S R AMT Bt . 48'E 2 )5, TESS.
FF BRI ES (Planetary Transits and Oscillations of Stars, PLATO). LSST B 7E[GZ: I
JE& R AMT R HIHE T T 8072 [ B30 455 1) s Ak JEL AR 7K e A R 0 5 ) R0 R R L 347
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e R, B S T TR S R N TR e A AN A B R AT R I O S A
5 5. B R IX T LA AE S AR5 N TS, 7% A SL IR R Rl Bh 9. 5t
B EPe v B R A SRR, ERAR LR F AT RS AR A, M B I AT — 5
(IR, TR RAR R Al 58 A8 BL A APIHIL, TR —BRh 22 5 52 W R B 4 25 ) 5 2 5]
SENEA GRS AE SRR AT R R 1A

ORI ) AR AN RS2 5 A VR BIE 1 I FH VR BE 2 = VR Se LR T R VR 48 T R 40
TR, FERIT Kepler-80g 1 Kepler-90i. AT 1#]H NASA RAMT B ED R bR
BH v B AE (TCEs, BRI BE S F) BR800 38 MR B I 4R T — A B2 W 2%,
FH SR 0 — A 106 1 2 B 552 1R 8 2. R MT S 2 At TR SO 0 A S X B, IR
11356 2 20 SEAT SR R S AT HE R P T M T Ry 0 4 P (L3 31600 ANAT A2 15k ik 1A A
12000 A HABE S 1S B RIE 5o I ZR75 B 25 R 20 100 25 R 25 HH R IRa 52 P v LUt
98.8% I ELSLAT B AHEZE AT T, 6 TVRBE 22 3] 17 v 5 o A S AL I =R L, B T
TEA KRR 1 TR TS, (EBAL MR b2 7 AN TR U (F 5 08, 44
HLES 2 1 SR SR 7 VR 10 Autovetter F T 2 B 800 Ab R IRK LR AR -5 0 B B, 1 S
B (U7 ROELE )y A5 M LL S S8 AT, 1T 0 S o 2 000 4% 7 19 T LA 4 T R S R
AKEFLF 7= e Pearson 28 N I A A1l @ BT RSO0 135 0 1| 25 08 BB 3 B 22 o0 £
M ) M RAMT R S I UG RRAE, 57 22 TR 8 il 2R B B AR V1%
5302 7 4R FI AR RIS U BB EBUR. BETCRW, TR R 2 0 2% % TRk K
TR CHHRE T T RAMTE SR RSN, ZERMIL. R/ RE A 4 E i E E

e O HERf
B e P KR B S T N
W SRR S T iR Wl R T e
S S S TN P B N
e DB NG P, T A e B e
g B 5y g S Pt sl S
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4.3 GSES|INBERIRAFSENE

BRRPEEM 5] 155 R G S SRS B o0 A0 K B R e, (Rl RESR A 0 (8 1 52
AR, HATCAEE RRERG| JBEFEMR D, ARG TR T N AR RIS V&5 a .
LSST. WJLHEAGTMEEE (Euclid). RKMIAHLAIME R E 4 (Wide-Field Infrared Survey
Telescope, WFIRST) &5 KA I H vt # KL 10° A 51 i@ Gfeis ik, EOR EHR H

Phttps://exoplanetarchive.ipac.caltech.edu/
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H BRI 5] JE B R EE IR B, [ sh ik B N B G SRR SR, s
OB RIATHRZE T, WTIE I HLEs 2 I 505 BB S SEE L. XU H a7k %
AT SZA R R AR 1 PR o

Petrillo 5 A ¥ Vo i F 25 A0 00 20 I 2% J7 v A7 3 5] 1B, i T 28l )1
BHSIAEARBILEA, HRETAFEMMIE, #A G50 PR £ J7H T
g, EFHETFHERR (KIDS) B R EGHEM & s s maeE s kg (wE 8 A
IR)s A EEREAECIE SR SR B N 4, I G R R T 255 P07 R X ) B s T
BEdE, FRITIZHE EEE T 2019 S TE IS AL S ZREEAS i B 2% B AR
Tt— o™, 7E KiDS B ik th s 208 RINRAE FReE B 3/4 1951 J1iEE, Al
Y958 40%. Lanusse 2 N FF % T CMU DeepLens, MEGH B3R R-BE R5E5| J1iE
Bi &%t FIFH 20000 kAN [F{E 0 L ) LSST R BRI SRR B A 4 W 48 A, JH 4555
N 99% I, BEREINH 90% 2 N HIR AR KT 1.47 HASMEH KT 20 HiE%Hi. Schaefer %
AL ImageNet 3% %€ th EUA ] 5 BCR 10 VGG W% 3l I Bk 22 45 1 f AR A% 1 45
Y, TR T BRG] FER R . GRE. WEEMMRES H A S
17000, 3000, 100000 MEANENE . 75 & JE W BE T P bk 28 i 2 8] A b i 5040 4 143
I3 0.94 F1 0.977 i1 AUC 2305 0.32 f1 0.5 I 4R, B THAI5 i, REERME
X 2 3004 et PR A 3RS BB IS, SRS BBt AR E T T

ERIEFEA FELLR R HREALL )32 BEiR

JEB R BRI
s AMNEENIEEEIIGgE

4.4 EBEREESHAE
B RIEE DI AN ) T ER R 882 —. 2013 4F Kaggle HiE Rl 225538 F 6
KA T — AR RIEAS T REIEN 753 The Kaggle Galaxy Zoo™, W5l TH ZKiF. £HK,

®https://www.kaggle.com/c/galaxy-zoo-the-galaxy-challenge
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Abstract: When all fields enter big data era, astronomy also steps into its golden age, the
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age of big data in astronomy. Astronomy has become a typical data-intensive science. So far
astronomers have begun to utilize big data technology to analyse and process large amounts
of observational and scientific product data generated by large digital sky survey telescopes
as well as simulation data. In recent years, the rapid development of deep learning and
artificial intelligence technologies has promoted their applications in various areas, and a
large number of papers on the application of deep learning for data analysis and processing
have emerged in astronomical research. This paper summarises the status and trend of
deep learning application in astronomical data analysis and processing, astronomical data
types and machine learning tasks, deep neural network models that are commonly used in
astronomical data analysis. Moreover the representative application and progress of deep
learning in astronomical scientific research are presented. The possible application directions

in the future are discussed and put forward.

Key words: astronomical data analysis; deep neural network; machine learning; virtual

observatory
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