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FE B ) 50 4 ZRIS AR R UG B2 A 2 S . T SR R i 2 A0 U0 2 1 0 5 B8 3 25k B b A
WS A A VR YE. 9 TR o KRR, N T AR TS R A N 2% 1 R R
e BRI B B 43 45 1 (Classification model of Stellar Spectral type and Luminosity
type based on Convolution Neural Network, CSSL_CNN). ixX —# B4 {5 B & F7 fif 48 o 2%
RGO RHIE, W VE R A ST 3 7 RO E, (5Bl b B ERRAC T O6iE
HIYE IR 48 7R SR B, AR B ok o SRR B O HEAT 4 38 5K
IR T ORRIX AR 2 H bR LA 6 R SCEIT 8% (Large Sky Area Multi-Object Fiber
Spectroscopy Telescope, LAMOST) A ##i % Data Release 5 (DR5, H T HH171282%
1E B G Hdl, R R OGHE ELE 130002 4E X RFAE) X 12 A5 A (10 M B HEAT IR UIE S5 1T A S
U AR, BT AR I 45 DI B 7E AR R (6 RS B 4 2 L HET 3R IX $1)92.04%, T &
T IR B 9 25 (1R B (Celestial bodies Spectral Classification Model, CSC_Model) R
F 87 54% KR #; CSSL.CNNTENLE ({1 BUA FE A — e 43 28 b HER %15 $183.91%,
TR UL AL T A MK CLASS A7 38.38 % I #E Rl 3¢ HLACREK.
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5% (Large Sky Area Multi-object Fiber Spectroscopic Telescope, LAMOST) f] LA [A] i 35
1340005 RAREIE, & 294t FE 6 iE SRR I i 1 R SO 4. LAMOST Y E KR
F BG5S LAMOSTI 418 K (LEGAS) FILAMOST4R /] & i K (LEGUE) .
201943 H, LAMOST Data Release 6 (DR6)%H5 5% PN AMIF 038 1E A A, 2500
LA E 74902/ MWK X, R T 112575 261 Edis , nT it K223 o A AUt 5. T
o ¥ 1 R SO A B, LAMOST 25045 A0 #1465 18 3 4 (Pipeline ) X BT A 6 ik EAT T
7325, SRTNZPipelinesK A B2 55 138 XAHOC IR IR T AT 77 2%, JRVE B Hh e B T 61543
FAESS, AHZTTFIs H R R BRI UK, 78 Ab BRI &6 I A — 2 1 R AE, 181)
5 BT IE BB 08 R e U o AT AT AL 3R R SOOI SR Y B Bh ik

ALY RAULTF ARG B2 EEAH 7 KRR RIM O TT. 3R T 505
A5 FH B E0CH SRR B B AR B, FEVEANA AR T AT I B AN T AL, B4 A4
TSI UE S TEREVEAL, K SIS A SR AR AT T XS Ee e BB RIRATI A5 v AN
AR TAEM R .

2 H=xI1ME

T ST 4 2 SO I 0 T B AR 4, L PR B S P S AR T,
BRI, AOUE BT T ARAE B2 T ELTT L) X BT 2R 18 P 5 g AL O
G AT 42 1 7 R AT PR AT Py VTR B 5 k.

2.1 #EAILEHE

A 2 UL Ay 2 A2 I PR L RG5> S bn fE AR R AR AR SE R, H AT iR
e A2 73 2R 05 o H 3% [ R SC 52 SR BE AR 3 R 220 1 2840 A0 2 Y UMK (Morgan-
Keenan)7r K 2 4t € HIHHKSE 218 261 h O4RRAE TR 2, 357 DL A IR il 28 M 217
FROADRT B 8. B D@ TR B sl 55 1 MK 3 78 B sl Ak (61 Gray 5514), {5
e IR I H R AR B A IE GRS MR LLVE AR T, A3 G IR AN B A oW R 47 1)
e LR RS G R IS AEIE T, I DAL 3] 15 2 D' W AR A 5 bR v e i kAT DL T, 17 HLAR #E
TR AR AIE W A W] e HAL TR BB, 038 6 R 7wl LRI R 22 F AR, DRI 24 i
bR e R PR IR A e B,

2.2 HBFEIFE

B A 2% 206075 3k AT DLIE ik 2% 57 K 2 % B 0 5 A0 I 25 AR 0 O 1% B4 RE 1, AT
TR ST B 32K BEENLAE S IR 5 N RN, Bk B Z P8
5 317 VR R T R S0 TE O 10 4 A 5 AR BR8] Lin B0 S RE ) & AL(SVM) R
FE R RE Kb, R IMARGHE E B 1) 4 95 58 % 1 = 1890%; 1MOBAIKAY 1H & 1)
232, TR & AR E Z50%, 53K Z140% KOBEL FTK R 15 £ 43 51l 4% 157 70 2 AR
AMGHE R, AL, EltingZF P fISaglia % OHIA T SVMAE & R-ZKREA IR N A, H
FESVMEL VX KA A H 488 )11 2 LL e PR, EL 78 i e 22 43 2 1) LI A7 AE — 32 1 =)
B, FolkesZ5 M7 19964F A% F N T #1248 I 25 (ANN) A B X FE RAEAREAT T 4025, Bailer-
JonesZ5EMALE19974E 4 ANNH FHE A 1E 4038, XH4E B A B R AR M 40 2% R HEr R
£ #195%.
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T AL A 5 ) B0 FH SR SR BURFAE 1) 2 B0 b, T 4R U B2 O 1% 1) B8 v 2 ARPALE,
FIT DAL 38 2% 20 10— A o3 30— IR 2 2% 108 1404 £ 28 37 148 2 S 1 4y 2% i) fgi v (15161,
FabbroZ 7, ZouZFWSIHE # 7 % 5 4 28 I 255, e FH A5 R (10200 1 7 Yo R e il 450 kA7
S, 3T L A 2 X 2% T AT IR R Hon S5 RS FH — 4 i 48 X 48 5o 41 B R idF
1T 28, HE RIS R199%. LS5 Er TR, MFA, GRUFKAY R 14 ik
TZE T A F190%. 93%MIT%. BEA B ER L RIINR, S BHRHE IR, R
Aty SR AP P R BRI PS8 8 X D 10 8, 7 222 O % (231 FRO 4 LR A o T 3 — 1 i, T DR S AR
PR R 2%, T AR R T X 25 I 2, S8n B S5 1240 R R BE B 22 N 2 B T R RIS 4328,
TR L5260 R DA s AR I GR b IR EE R, B AR B B OGN 43 280 R R ARFAE,
] 8 ToBCRFAE. 2020%F, ZouZ5 TR H T 5L T-HR ZE IV R UL R AR 2%, 5 R A3k
T ) 73 SRR 2 7K98.92%.

MBI T PAE 2 EE R 2 B EE AR AL — L8 r) . B L 77 vk
SZBR T H AT AR R R, 0o A 2 I E R O B S BRI A SR 2R R AR 4R
B TCIEHEAT 73 N Wr. AL GERI B A 27 >0 B30 HE DAAL B v 4 1) g B 1E B O i B dls, HL
XPRFAE A SR AN BE TR ON. H T Ao 22 I 28 W] DAAZ 30 2008 0 J2 I e s AE, BT DA — A o
e 4 ] LS e OGS R 7y SRR 55, B, H RIS SR Gk = (5] I e e B2 0 i L AN
JCFETY ) 053 AR, WORSCHR T — i e T 25 A 48 I 5% 10 A D i 2R R Y 7R
53 FAH (Classification model of Stellar Spectral type and Luminosity type based on
Convolution Neural Network, CSSL_CNN). As[d] F— M 1143 24578, CSSL_CNN 43245
RS0 g v 4 P TR G T e, M T AU 28 IR 5 R BRI R DG 1R S ARFAE, )
PR R B A 5] BB OGS AFAE, IR TE 1 A 2 0] e AR AL R AT T 4 4, g AL B
J [0 i A\ Softmax 7 K 2%, i 2 i Y1255 KAAEAFIRATAI CSSL_ONNELAY 523, [
SR B ARG TS RN 2 RY PN B B HEAT 73 R Th RE.

3 H&

KA AL SR : 31N T AL AR BARMERS, 3.2 3L A0 48 T 1 T %
A R RO AT (0 AL FE A5 08, 3,375 VEAI A28 T A SCCSSL_CNN 4 2 b B 1 41 p 6
IR 38 HIFE .

3.1 E{FIELR

K1t 1 BAT AR B SRE, & U3

()18 B 't i A 1 SR % AL 2. LAMOST 45 i #1 R SO 1 3 o a5 7 48 A2
BA. FREMMARIARIE, ASCHIE O GO ffE R, DR BT B ot 48 v i
et BAN 7 E R E DG EEE. b T RSOGIE B B e 0 A AN SRR R, T LLE
XS B AT I B BEAT IS 4. H A SEERAT, XARZE AT One-hot 4 5 LA PR 7
MALE, J9JE SRR R AL RN B 2R,

(2) 73 AR I S . T e 2Rk (45 BRI, KA T B AR N 2%
AR 25 BR (1) A A B B 45 2 06 1% B R AT RS2 R AR SR, s P I ) A% 39 ST oA
(UREA LY
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(3) 7> RAEA (FIAIE 5 V-G A8 A I ZRAF IR AR Tobn 28 (148 A2 il #E4T 702K, JF HL
XHor REE RBEAT VEAS.
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Adjusting parameters ‘
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N CNN N Loss ), \
} i function | ‘
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.| Classification
results

Fig.1 Overall framework

3.2 HUERENFNTALLIE

PAE H 1 H R 4R HLAMOST DR5FPRLE, 1T UIEE WL H [ Fits Download H
HBEAT BRI R B, B 4 B A 712824 B R i, R SR BE A MR A, TEk
WA AT DURFAL, GRIBKAL, fEYeRE AL nl DU B EoNT). T B (d AT 8%
EGCAV). T fEdE L 4 8938 (F, 1), (F, IID). (F, V). (G, )« (G, III). (G,

'http://dr5.lamost.org/
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V). (K, D). (K, D). (K, V). 8% E 739100 A 4 IIRHIE, P 55 173699
9100 AffyE B, B2 — AN GRUE R MGl m & B, Hrpi s b i i, ARt 3t

NA T
WLM

350 F

300

|

WMWWM

4000 5000 €000 7000 8000 9000
Wavelength/A

K2 GRfEEGER

Fig.2 Spectrogram of a G-type star

FRE|(F, ). (F, D). (F, V). (G, D\ -+ (K, V)IREREER. TFH,
XOMFZEH AT ECF AT, BIAHO. 1. 20 3. - SIXEERIEL TR HIARE(F,
D). (F, ). (F, V). (G, D)\ -+« (K, V), WK T ix R0 2 [ sk, B
1B K /NS B 31 R B 0 B 5, 177 Ome-hot 2 it 5% B M A7 IR 25 25 47 28 Sk MANIR 23t
IT9mL, B— MRS HE TS FAF AL, H BB A — OO F 2. Bk,
ASCAEF T One-hotZmAt, BE T LR B2 3 A A (0 2 7 M A B 9 01 550 B8 45 31, SCRB {431
KRB A AR H 7 . 7253 One-hot /b HE 5, OFMFRZE 4% 5 43 514 (100000000,
010000000, 001000000, 000100000, - - -, 000000001).

ANTE] T — MR B, AR AR 1 e 2 TR 10 22 S AR, AN RIS LR D' 5 22 AR K,
A 06 50 B2 ot H i Y R A AT T — AR AL B 75 DDA TR 2 5 S A i A 7o R P PO R
e, T 2R SR AR IR RAAE. VA — At A2 K FRA 75 ZE A B 2 Ak B S B A 2E O~ 1 1) Vi
W, TEJG SAE FABATE T B35 SR AR S 04K 1) RN, JH — S5 AT LD T A (0 SR Atk
B P R RY (C SAOH B . it Ah, 3 LA UE — A A B T DAY R ARRAE B () ) S A 5
il RARFALE A bR 2 18] PR RT LG e /R FH 93— 7 VE A min-max AR EA,  z-scorebrifEfL
ANL27EH0A — 55, AR A IR L2VE H0A — 4k, X2 Y L2376 802 X 16 & & s R P
Ty AR ITRL, & w] LAB iR 04, 34 AT RADRAIE R AR S 26 76 A 1 1 2 v 1) S 9 A 2 5 )
FIREAL A 2] 127 BRI bk

’ Ty

Y Jalls
Horp 2 RN iSOG BUE, |2 R 7R Hi4 6 BdE L2 %, o/ /R IA— )51
EAE SN e/

(1)
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3.3 ETERMZEMEACSSL_ CNN5AHKEH

T PR v S kb A B R v 4 () 1 R TSR, AR SCER T — R TG A A I 4%
flICSSL_CNN/» B [ K 5ot X AN IR (10 5% 350 23 HEAT VRN ).

CSSL_CNN AR A —Fl A W B 40 AR el i 2 > K A2 i 1E A2 e 1 4
PEIRTF AR BTSN RE T, MR 45 () JoAs 2518 B e i B R4 7 v i 2 1 432K,

BAT B ICSSL_CNN /G KA AN B RZ, aER i 2N ifb )2, 244
ER AR, WEBHTR.

/ \\ N _
/ ﬁ' \\\\\>>( N /‘. (F, D) type star
// ’y A\

/////, NS V\)(’L/ %7?’. (F, TID type star

W \\\>/\\\ i \\\X/{,
l/// X N . ? .
--—0 //\‘}5Q : '///
AN v )}b. (K, D type star
N L ol ”
7

\ ~<
\:\\4. 1 // ’.k—— (K, V) type star
\

*
6416 64*16 128%16 128*16 9%l Output

- Convolutional layer - Attention block - Pooling layer

. Activated neurons . Abandoned neurons . Output neurons

K 3 CSSL_CNNZ»fiRl gt

Fig.3 Structure of CSSL_.CNN

B3 B ZE T BRI EZRER N, fiN G E T & H AN KE N168
%, ERANBIRE TS A 128N KE N6/ &A%, AT AT LA IR IR 2 PR AE. &1
ZIE AL T4 T RE, $RBCE R EARAE. Ba A N EEREE, 70 Bl A 128 F194
20, LSRR E R H b a4, Pribd s, sARE 2R Z i H 4
fr AR E KRR

TERINES ) B e B R it input _shape, 5610 2 156 & IRHIE NSO — 3, 72391074
i, NRFFEAR K E —8, HEERSLPRIE M, LAMOSTRIERELE IR G, 7840 i A L
RACHR B R 2 A7 Le bk R /D IX 2 BRI 2 = AR O ). A S OR B I Lo 4, e A1 17
KEIFPL ] e LA EATTH RIS IRFIE R 2K, Bt DATE S5 H 48— - BE /T 3600/ RFAE.

GAE R EAT IR BRI B . BRI R T — MR, GRS T —
At ERR, SERUE VG IS R AVRHESR . AL N B —AME BB R FRATT FE EE I R
ZILSH, IS A MIUGE, RN SR, X 22 Jm st Jz 1) 4% 3 A B b B8 371X
L SHE, BB FRABESHE. YRR, SRS EE 2 E A
AZ [, BB A H0E # L 2 R AOAUE, X ORRHTE T SR RIS HA . TR E L
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e e — 4R, B U — 4E R
AT AR 2% FOARLAEL i B A 2R MR AR AL, T2 PR 2R IK RE I A8, T DA 2L
A PO BRECR I AR R 2R . AT 3G pR B2 Re LU B £Y, RIE 0 Fios:

ReLU(z) = max(zx,0), (2)

Horh, maso BUR KA I R B, o 38s E— B M2 it

TER IS RE % AR S AR T 73 RAT 55 B 24 FARRAE b NI ZE 147 B 352,
F BN, 233 ZBARMERE S, RAESRBCRIIA G HIME &, B E 215 RHIE.
FAUHBAE A CIEEAR B, B TGS B2 RO SO O, He il A& i LA E I B
W ABEARY 5 R 1) L X 52 5 M) B KPR I B, 3 PR R, I BN ST e FR 4 B R
TEMPEL. RIS H, BAERER 8 R —/METE, LR ERE N4 A
S S BX 5 24 R TTakAR [, SR SEBR b, A EEARHIEXS 2 AR K TTwk, A
SEREAE RAAIR/N DTk, EE 2R = AR i s . BRIk FRATT 51NV B T HCR AN [ ()45 1
Sy BB, B RS TE A] LATS B 5 s AR, A A BRI B AT 2 2], AT AL 4
KL

GRERAEIG, IR ZRHE(E B S ok, (HZ A A0 X2 AR RS B, W43
TREOE R 75 B IUAR, S0 7 vH B X gl 75 EEE AT AR R e 4, i 4 i dis
MSHHE, PR IS XU

B T 1 AR M T 5 AR AR 4 BEAR v, i DU FH A0 J2 0 R 4 i N R REAE, (SRR iR
BEEAR /N, — 7 TH RE RS T840 X 260 B B 4 1, 9 — 9 TT ] DABR B HE B e 1 i 11 3=
FRRAE. FEASZE K B4k U5 ¥ /- Max Pooling, 7E— AN R8I ek b, BUAZ X 2k (1)
B KAERARE & X3k, W A XI5, B8 B — N 2 B/ MR 2 AR FE.

kA 2 B BB AL ERE 25, BRI IUT R E M AN 2. &
R SR AR AR 2 X 2% S <oy SR AR AR, I T o B G A S BRI R AT TR
B, B B IR AE R s RS B A [A] {23 28 28 Softmasof % A 73 4% DL AR v 5
H— R, R85 R, Softmax &K N7 R I ] B, FHA R — DN x 14E[1] )
&2, [MERATARE T ZENHNEER, N, 5245 H SRR 2000 B 25
Softmax L U Fros:

emi

= ST (3)

Horp, nRoRFINIANEL, my R AN BB HE, m s BB R A, e2 B
TEAERZE A, HME T E IR, 23580, Wirae HELE A . (K,
Al LABI Ndropout#AE, KB ML 7501 4 0 25 5840 #4870, i o I i) .
R I ZrAd FH AL 28 2 Adam A6 28, 2% 21 FJ20.001. R R+, KA T R W
f& 4% (Back Propagation, BP)5 2. BPELVEIIAZ O A2 X BEAS WX 25 i A 1] i 1Y) 4% 42 21 A
FHaE RN, K di 5 B SEARZE 2 BRI R AE — B — B R LB N 2, X AT BLik
RN EME IR AUER BUEIE, A sRKBR B/ NR 2. R IAERRE LIS 258 20,
SRR G E IR LR 2, BUEHOR ), RIAMERF IR Z M TR 2 . & &%

Softmax(m;)
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SRR R T 7 T e R sh AR, 7T DU A A Y b 8] 85 SR 5540 2k pR ot T AL
HAIBERZ, TR 432 192 Bk A7 S8, B2 o i 22 D/ 31T 122 52 70 Bl P4 B 3
LT ZR IR ECN 1.

S0 r S P AR 40 K bR B 52 SR R K B B, RIA S0 R s

n

lossy, = — Z Ye 18(Pre) , (4)
c=1
Horb, yre RN BE I LSRR, Pror 50 kA2 & T el R, RISoftmax>k
i FIAE.
N T AR R BUS T RE R /IS, FRATIE T — e e efs P2 B 5 T3 SR o B A 22 e 2 RV
BUEE, ATITIE B A A 5 2R ARSI 7 HUBR RE 1) ) AT i SO BR U A e DRI T 181, T A
TG R P TR AT S PR 7 T, gl Pl A BRI 28457 2K R R /ML

4 WIS MR G
4.1 SENIRE

LAE— GCPUM S NIntel® Core (TM) i7-9750H CPU (2.60 GHz), 84T W 17
N8 GB, SSD ([ At 4E) K/ 512 GBH RN _EREAT 15256,

CSC_Model (Celestial bodies Spectral Classification Model)fICSSL_CNNl| 25 it
FE, YIZREE IS 1 L 5 8.2, HEALEEK/NA16, YIZRFEEN10.

4.2 LIEERFTIL

TEIX 053, PR SR 7 v SR AMORT L, BRATTi T DA 52

S EEIE AL 2K B CSC_Model '8 AICSSL_CNN#EAT X b 525

SEEG2: TSI RN B A sy 2K b FHMKCLASSHE 7 4RI CSSL_CNN#EAT X}
bS50,
4.2.1 SEER1: BRI K

A 2025 b A6 HE T CSC_Model, CSC_Modelf2 H 4 2% 0 £ 2 ML
B I B gt as TR BURE AR 48, 2 EIRGAPLH T2 HF. G. K. MAY
fH 6 % 1000055 BE4T T S256, accuracy TR bR FH T RS A v RE AT R4

CSC_Model FfICSSL_CNNYEE i 72 b Ry sLIe &5 R anR 1.

*1 AERDAIWER

Table 1 Experimental results of spectral classification

Model Accuracy (%) Spend time/min

CSC_Model 87.54 25
CSSL_CNN 92.04 303

CSC_ModelMCSSL_CNN K I Zrit #2735l WL 470 121 5.
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5 1

1
0.9
0.8
o 0.7 —@— train_loss
= e =l train_acc
5 === val_loss
é 0.5
- == val_acc
7 0.4
o
= 03 44—t
0.2
0.1
0

1 2 3 4 5 6 7 8 9 10
Epoch
Kl 4 CSC_Model)til 5y Ayl it 72

Fig.4 Training process of spectral classification of CSC_Model

1
0.9 P.*.—'—._-—.—H
0.8
> 0.7 —&— train_loss
g 0.6 —@— train_acc
g 0.5 —— val_loss
;\§ 0.4 =>¢— val_acc
= 03
0.2
0.1
0

1 2 3 4 5 6 7 8 9 10

Epoch
Bl 5 CSSL_CNNGibA 2RI Zid 72

Fig.5 Training process of spectral classification of CSSL_CNN

CSC_Modelft %% ) [8]25 min, CSSL_.CNN# %303 min. K Htrain_lossfa ) & il
St FE P B B 3 G AE, train_acedi| 12 I 2RI R A Y 1) 4 R AE R val losstR
) 2 I ok R S A A SR AEL, val acci I W 0 2 A B B (1) 2 S MR IR 2R A AR
FREpochfRRIIZRI A HL, PARFR AR AE OISR I HETH 2 (Accuracy) M40 < fH (Loss). M
Bl Ry DU Y, BE S YR B 39 0, 455 2 38 W ek /)N o A 2R 080 L, B ACE g
T A, CSC_Model i 1 ff 2 5 2835 $1187.54%, CSSL_CNN F 1 fff 2 i 28348 $1192.04%.
CSC_ModelH Y it &K R 3000 45 21750, KKI A 1 IR [H], (E & W R &
KT EEG R, FEFRUERZEAMCSSL_CNN .
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4.2.2  SEEG2: G RIADGEE R —n)r K

TR RADEEE R 532 b, ASOR L T MKCLASS# 4, MKCLASS /& HI C15 & 523l
() B E R R HEAT A KR, B AR FR BT ik, A Z oA 2 e
6T B H 71282 5% BEAT S50, B SE M L3R 2.

®2 BURSHMIEL

Table 2 Data set composition

Luminosity
I 111 A%
Spectral
F 4043 2829 10000
10000 10000 10000
K 10000 4410 10000

MKCLASSHICSSL_CNNTE 8 & Y i 7 A1y fE R — 50 43 28 b i X bl 5256 5 2R 4
RIFTR.

T3 AT EIHER
Table 3 Experimental results of spectral and luminosity classification

Model Accuracy (%) Spend time/min
MKCLASS 38.38 1070
CSSL_CNN 83.91 538

MZE ] LE 1, MKCLASSZELAMOST DRA%#E F 70 28 v i R IR, X /2
IMKCLASSE [ 0 AS B bl 18 2 ' 1 Bl 3 18 & H I 67 A0 6 1% i 3 o vk 45 20 2%
g5 MKCLASSH FH JIA Sk 0 1H 2 A3t AT AR R, FE 2RI 3] £91070 min.

CSSL_CNNYEE B il RN A 1) — o653 28 Bl grid AR e .

0.9

? 0.8

= .

g —@— train_loss
0.7

g —fl— train_acc

wn

S 06 —>¢=val_acc

= val_loss

Epoch
B 6 CSSL_CNNJt/rilgridfe

Fig.6 Training process of spectral and luminosity classification of CSSL_CNN
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W — TR AR AT R, T AR [ T 45 SR 5 s b 8 R 2 5. B DI ZR4e
BB, RAEE T KR B, RN — B PR b, &5 583.91%.
CSSL_CNN/»284t TR IE R M n E TR .

FI .36 7 47 4 5 5 1 0
FII 174 . 60 7 45 17 0 6 0
FV 2 13 . 0 172 1 0 1
GI 82 7 1 . 197 6 38 5 0
Gm 36 54 6 264 - 58 4 64 3
GV 0 | 132 3 63 . 0 3 63
K1 18 2 0 211 12 0 . 34 2
KIn 3 4 0 23 126 5 69- 10
KV 0 1 0 0 8 60 1 19 .

FI FIIl FV GI GII GV KI KII KV
Predict label
B 7 CSSL_CNN It KR Rk

Actual label

Fig.7 Confusion matrix of spectral and luminosity classification of CSSL_CNN

A LA 48 KT 43 TOUI 25 SR8 5 bR 25— B, Jd I 2y, m DURIE 43 28 AT R R
R 43 )

(1)H AR 1R o 3 B 2 TR AR 22 e AN K, BH T 3 B 2 o R A0 AL 1R U FE )7 51, A 4T
PN ZRA 3 AR R S — 2 RN, LN ARIF2IR 230, ELATFIA QR £23ir,
EF2 BRATESEFIAR B EAR AR, MIRVEHFE o LG, AR 2 4 BRI
JERE G, G AUV R AW R T ARAR OGS AL, L nF A B R (F 1) A 7.64% 5% 40 28
G A (G IID), FREE(F V)BS1T%H R R MG IR L (G V), KW E 2 (K
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Classification Model of Stellar Spectral Type and
Luminosity Type Based on Convolution Neural
Network

HONG Shu-xin'? ~ ZOU Zhi-giang"? XU Ling-zhe?

(1 College of Computer, Nanjing University of Posts and Telecommunications, Nanjing 210023)
(2 Jiangsu Key Laboratory of Big Data Security and Intelligent Processing, Nanging 210023)
(8 Department of Telescope’s New Technology, Nanjing Institute of Astronomical Optics &
Technology, National Astronomical Observatories, Chinese Academy of Sciences, Nanjing 210042)

AsstrAacT Star classification is an important topic in astronomy. For the classification
of the massive high-dimensional stellar spectral data that has been collected, the pat-
tern matching method is more successful for spectral classification, but its disadvantage
is that the differences between standard star templates cannot be reflected in matching
actual observed data. Especially when it comes to the classification of both spectral
types and luminosity types, the template matching method often fails. Moreover, the
classification of luminosity types based on spectral feature measurement strongly de-
pends on the accuracy of spectral fitting. In order to solve the problem of classification
based on spectral type and luminosity type, a Classification model of Stellar Spectral
type and Luminosity type based on Convolution Neural Network (CSSL_CNN) is in-
troduced. This model uses a convolutional network to extract features of the spectra,
adds attention blocks to focus on learning important features, uses a pooling operation
for dimensionality reduction, compressing the number of parameters of the model, and
the fully connected layer is used to learn features and classify stars. The Large Sky
Area Multi-Object Fiber Spectroscopy Telescope (LAMOST) public data set Data Re-
lease 5 (DR5) was used in the experiment to verify and evaluate the performance of
the model. We used 71282 spectra from DR5, and each spectrum contains more than
3000 features. The experimental results show that the accuracy of our model reaches
92.04% in classification of spectral types, while a Celestial bodies Spectral Classifica-
tion Model (CSC_Model) based on the deep neural network only reaches 87.54%, and
the accuracy of our model is 83.91% in binary classification of spectral and luminosity
types, while MKCLASS, a pattern matching method, only has the accuracy of 38.38%,
and its efficiency is much lower.

Key words stars: fundamental parameters, methods: data analysis, deep learning:
convolution neural network (CNN)
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