B 67H H 1
2026 £ 1 H

K X % i
ACTA ASTRONOMICA SINICA

Vol. 67 No. 1
Jan., 2026

doi: 10.15940/j.cnki.0001-5245.2026.01.002

M E R IR EHIEIE 50X St vs. Bl

Z 4 121

(AL RIFTEAFMEE R X F B L3 100875)
2 A FIFEAFRX S REGEIEFFH R A LR 102206)

fe !

FEEE i 2 5 i 0 I SO PR 28 B A R R

Wi 5 5 BB A i, o BB (B A5 29 790.30), X I

R SCHIT 36 1 A 2 SR DA T O B R T AU 23 BT 5 I 33 A ) D77 v A A TR T IS SR N P 2 L R LA
EEE R RER M, RH T Lomb-Scargle® % il Inpainting4di {8 ¥ 15 A 55035k 43 A1 77 7% DL K 3 i 7
(Gaussian Process, GP) /7 iE{E NI I8 40 1 732, %t B A FRBHIRZNRHAE B 5 25 H A F0.20 220,502 8] 5 4
Iy S B A HEAT T 0. S5 IR IR, e W AR T VA I R I S B R A PR AR E 1 T T A R MR A, LT
Lomb-Scargle /5 7%l Inpainting /7 ¥%. Inpainting /7 ¥4 75 AL BRAK &7 25 LB B T RE BTN KR ERME S, XHE 5
BT B, & T AR Uy vE 2 4 A b T B O B IS 7 S L HOHE (9 1 1%, Lomb-Scargle 7 A IR, i

Inpaintingﬁ?ﬁﬁ?ﬁﬁ.
kR A BiRS, 1EE: Rz, 1EE: KR
FE S P141; SCERFRIZES: A

515

et R L R B 38R SCHIT 98 2 24 7R R SCHIT 7 ) 4
RURTRT I, Hoh i R B RAMT B P
DA K B B AR, RS LI S
B4 3 Ok 19 8 8] EZ B, A Kepler I TESS
(Transiting Exoplanet Survey Satellite)”. & iX
S 4 [ B2 78 B AR K LA Bl 1R 5% TR K O BE {H
FR R AL R BRI, B4, Keplerff) L R4 2
N4 yr, Rk S R BOR 2 B KA AR 2
W s, KRR EAL. I RT,
o T B B ) K 5 2R B AN T B AR AE.
i, OGLE (Optical Gravitational Lensing Experi-
ment)’. MACHO (Massive Compact Halo Objects
project)L % ASAS-SN (All-Sky Automated
Survey for SuperNovae)[s], XL H I8 A A K
2025-01-0315 1[5 F, 2025-02- 13U EME ek

flitanda@bnu.edu.cn

1

2-1

IR K, R IR A iy 7 AR oy R 7R KR AR
BT B R S, A BT Rk S (A R B
PIA 2.

JRUE i T B 370 B ] DA R A K R[] 5 28 110 B ik
B, 5 T R AR IR 528 B 25 PR A1, Bl
IR E N, SRS R S
(Duty cycle)fRAK. X B 1 &5 7 e a2, RIELE
— AN A P A TS BIR A (19 Gn BB ) 1
I () 55 A 0000 BT ) P B AR %o T K B i) 25 28 11%)
H WnOGLE, #8741 5 2 L £ °80.30. £ G ik &
MM B TR o5 7S B 32 1 22.0.60-0.95, BLiR T &
St F B DA R B AT R b B A A . X A AR S T
AR ) 4 BT 9T 9 >k BRI 3O A7 AE [A]
BL, 5K U DN 47 o8 B AR e i 2 51N R A
% BRI 5 R AR S S 1 S SIS AT B,


https://doi.org/10.15940/j.cnki.0001-5245.2026.01.002
https://doi.org/10.15940/j.cnki.0001-5245.2026.01.002
https://doi.org/10.15940/j.cnki.0001-5245.2026.01.002
mailto:litanda@bnu.edu.cn

67 % N

11

o3 7 AR 55 R AN BOE e B N FE s AL, AT
A5 5 M B AR A5 PR M. BRI, G o] A 258 5 4t
) 1) B 2 A5 G B . A LI — ) R0 ) SR S 3
A3 — 2 E AT E M T 9E 5 A b 204 1
Lomb-Scarglef ik "0, = J& 76 #4785 2 #r 5l 4k
(7] B, 9] 20 Helcker% ' BT 392 25 b B0 4% v 11 140 it
ol Pires "I 18 O A7 HOH 250 1R BREAT IS =
F2 A 7 3073 F2 (Gaussian Process, GP)"H #:7¢
IS} 35 o 47 23 Hr. 451 G0 Pereira e MU P v i A
E B 38 _F 565 2K ORE 2H 23 (Granulation) f14% 3] (Oscill-
ation)HEAT EARL, AT Ik Ak 3 U7 U RE 8 TR 4 Hb
N o K 4R v A7 AE R TE] B R ABL ) &5 98 38 T LA
Hey % I TAE i 48 i, b ATT7E B 35k oo ) 7o S0
I R B B ) TESSEHE 3EAT 1 A3, UER T i
Tk FRAE 73 M A7 AE 5 18] B 1) B2 72 2 00 1T 1 2
B

A SCRAET 15 2 0.20-0. 50 A5 4D H T 22
78 45 B5HE TR AR B 35 o 4 i T 2Ot H s
AT AL, IR0 HARE AT RGPl RATRA T
3Fh ELAA 7778 Lomb-Scargle® 1% flInpainting /7 1%
FH T 450k 43 A7, o B o R 07 vk T 5 4 6 T I e gk
ATHCHE.

2 &
2.1 HiE

AR ST PR AL AR 28 K PR IR B0 48 2 Dl A2 it 2 #
. RORPHIR 3 A2 $i 1E 2 A0 8 X Ui 2 Tt U Bl AL
RIIRBIHLH, 5 K BH ORI AR F), 2R X 2
T EWAR N RIARANE 2. KK IRs T A
A BENLBCR A BE LA B R A, AR AR E, R
g AR AL AR AL B BEALIE, R AE R B —
SE AR B, 0S40 1] B 0 52 M O BRURK, 1K B
Kot BRI T S e R AL B 3
gy KR L, HRBA E RS (White noise). KL
ZH 2 2 4 3 28 DK B 1L 2 3R T 0T 9 e 45 ) ) — O
DRy AE, B AR $i S H ek T 1R B 48 /) BY
M &6 K. FLAE T 28 4% b (R 43 AE 7T 3 AUt Harvey %8
RO pTt A, B,

2-2

24,00
PO e v
Hrp) PRIRIRE E (Power Density), 3R~
B faran NFHEIER A, NFFAEAER AL BT 0T S
PRME. EOKPHRzh & k) R & -3 1)
e, HHe2 B REMNRMHEEIER. e14E
— S AR N RO, HLC IR MR R B I A
TE o3 At BATAE Dy 2238 o w] 0T 4Bl V& A0 28 50 58 i
, B,
A(’on)Q
P = 2
D=y o ()
Hr, foRREANER R ODINER, yRoR P m AT,
AFTROD A R RTE. ATRE 73NFET7
TR (2) R A, A URSEA0L e a2 (AT T FR
A& 5, Signal). AT EE K SH L SLEH L 1T
7N, HA R AR “left” . “central” Fll “right” /R #5155
B HR A fo RN, A R LA 5 . A S
HIES.

R 1 ATHETRENSH RN NELE
Table 1 Parameters configured in the light

curve and their corresponding true values

Parameter f/pHz A/ (ppm? - pHz™')  v/puHz
Granulation 0.10 400

Signal,.g 0.40 200 0.06
Signalcengrar 0.60 300 0.06
Signal,igns 0.80 200 0.07
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Fig. 1 An example of the generated light curve and its
corresponding power spectrum, with each part labeled in the

legend.
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Fig. 2 (a) Light curve data of a specific target (ID: OGLE-
LMC-LPV-35662) from the ground-based OGLE telescope;
(b) the corresponding observational window; (c) the initial

window ultimately used in this work.
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Fig. 3 All the light curve data used in this study, with the left panel showing data flagged as “good” and the right panel

2.2 RIEHE

2.2.1 Lomb-Scargle

showing data flagged as “bad”.

FE I S5l AR AT IE 5240, 0 SRR ) IE SR
A AR 47 400 5 Kl (RO B ZZ 30N ), WU AE S50 b A
N H PR R AR 2 B K. [Rlt, Lomb-Scargle & 7% (8 1%

S5AGEH TR 3250 KR 508 i Pd 4
HIH-AR AN [F], Lomb-ScargleH i B8 1% 4b ¥ 1 45 7]
R R A () B . LR AR A B B X — MR

TE— 58 FE B b N B R (el B S B R
(8] BRI, Lomb-Scargle 5 i {8 BL iy 28 # (1) $047 45



67 % RE  ORSE: TR EET B A AL HE TV S vs. B 5k 1
RRE—FR. A7 25 AL R IR, & W
2.2.2 Inpainting F(z) ~ GP [m(z), k(z,2')] | (4)

%715 B AR F R i 3 S e AU
PR AR AS T AR dh £ i o R e 1) AR e
FEAE F T A T8] B 6 A8 th 26 208, SR B
KFRA R f5 BB o A F R, BN 5 b B
B an, X B — IR 52 AR AR A I (] e B o, oA
AT DS oo e B e ) ) SR AR e, PR R AR IR P
O A Bk () R ) RS A R B, LI X B
4 7% o H 2 Ay R B I A 8 1% 5 v ) B ARk AT
Z: WCHR[12]. B4 R T 07X 2 N 0.30,
FRic R “Uf 1 648 il 28 A B 5 i &5 S LR AH B 11
Lomb-Scargle 5 %A H 2 J5 154 2 Il Th &3

| — Inpainting
— Original

r Duty cycle=0.30
| Flag=good

0 2000

Relative Flux/ppm

6000 8000 10000
Time/d

(a)

4000

10°
10?
10!
10°

10! L
JE— Inpainting
< f — Original

Ty

_ﬂ
<

Power Density/(ppm? uHz ")

10" 100
Frequency/uHz
(b)
K 4 Inpainting 735} 5 45 HA0.30 HARIC 4 (1648 it 22 $s
MEEREER. EEDIGAR L, TR R T2

107 1072

Fig. 4 The results of the Inpainting method applied to light
curve data with a duty cycle of 0.30 and flagged as “good”.
The upper panel shows the light curve, while the lower panel

presents the corresponding power spectrum.
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Fig. 6 Direct fitting results of the Gaussian process method
applied to light curve data with a duty cycle of 0.50 and
flagged as “good”. The black dots represent the original light
curve data, the lightgray line indicates the predicted values
at each time ¢, and the gray shaded region represents the

68% confidence interval of the predictions.
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Processing Ground-Based Asteroseismic Photometric Data: Frequency
Domain vs. Time Domain

XIONG Qiang! LI Tan-da'?
(1 School of Physics and Astronomy, Beijing Normal University, Beijing 100875)
(2 Institute for Frontiers in Astronomy and Astrophysics, Beijing Normal University, Beijing 102206)

AgsstracT Time-domain observations with ground-based telescopes are often affected by the day-
night cycle and weather conditions, leading to data gaps and a relatively low duty cycle (typically
around 0.30), which significantly impacts time-domain astronomical studies. To compare the
performance of frequency-domain and time-domain analysis methods in handling time-domain data with
gaps and their applicability in asteroseismology, the Lomb-Scargle algorithm and the Inpainting
interpolation method were employed as frequency-domain approaches, while the Gaussian Process (GP)
method was used as a time-domain approach. These methods were applied to simulate light curves
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exhibiting solar-like oscillations with duty cycles ranging from 0.20 to 0.50. The results indicate that the
Gaussian Process method outperforms both the Lomb-Scargle and Inpainting methods in terms of
accuracy and stability in recovering the true values. The Inpainting method, in particular, tends to
introduce significant false signals when applied to low-duty-cycle data, leading to potential
measurement distortions. Therefore, the Gaussian Process method is the preferred choice for analyzing
low-duty-cycle data from ground-based telescopes, followed by the Lomb-Scargle method, while the
Inpainting method is not recommended.

Key words methods: data analysis, stars: oscillations, stars: solar-type
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ZFR
Table 3 The fitting results of the Lomb-Scargle method, Inpainting method, and Gaussian process

method for the data flagged as “good” and “bad”

Method Flag Feature Duty Cycle f/uHz A/(ppm? - pHz ™) ~/uHz
0.2 0.121 (2) 234.9 (3.4) -
0.3 0.123 (2) 221.0 (3.4) -
Granulation
0.4 0.105 (2) 257.3 (3.4) -
0.5 0.104 (1) 296.4 (3.4) -
0.2 0.378 (6) 91.2 (15.0) 0.059 (17)
0.3 0.389 (2) 183.0 (62.4) 0.016 (6)
Signal, s
0.4 0.389 (7) 67.4 (8.1) 0.129 (24)
0.5 0.418 (4) 153.6 (8.1) 0.117 (8)
Lomb-Scargle good
0.2 0.600 (3) 165.8 (7.6) 0.108 (8)
0.3 0.592 (2) 223.4 (10.1) 0.067 (4)
Signal cenran
0.4 0.604 (2) 191.9 (12.2) 0.068 (8)
0.5 0.598 (1) 266.4 (12.7) 0.052 (4)
0.2 0.813 (7) 73.3 (9.8) 0.077 (13)
0.3 0.791 (3) 123.7 (9.4) 0.089 (10)
Signa’lright
0.4 0.820 (4) 120.6 (7.9) 0.109 (10)
0.5 0.812 (2) 213.4 (11.1) 0.071 (6)

2-12
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Table3 Continued
Method Flag Feature Duty Cycle f/pHz A/(ppm? - pHz ™) ~/uHz
0.2 0.105 (2) 198.9 (3.5) -
0.3 0.106 (1) 320.1 (3.7) -
Granulation
0.4 0.123 (1) 300.5 (3.2) -
0.5 0.116 (1) 319.1 (3.5) -
0.2 0.347 (11) 54.9 (5.6) 0.174 (16)
0.3 0.347 (15) 38.8 (6.8) 0.145 (27)
Signal, g
0.4 0.494 (5) 76.9 (5.6) 0.194 (4)
0.5 0.364 (6) 72.0 (14.6) 0.061 (17)
Lomb-Scargle bad
0.2 0.587 (3) 153.4 (7.9) 0.110 (8)
0.3 0.588 (2) 215.8 (10.7) 0.087 (7)
Signalcentral
0.4 0.597 (1) 388.7 (9.6) 0.015 (1)
0.5 0.601 (3) 193.2 (9.7) 0.120 (10)
0.2 0.825 (6) 82.6 (7.9) 0.097 (12)
0.3 0.780 (8) 69.5 (8.0) 0.143 (27)
Signal i,
0.4 0.789 (6) 101.5 (5.5) 0.188 (8)
0.5 0.794 (2) 208.0 (20.8) 0.036 (6)
0.2 0.019 (1) 960.2 (9.3) -
0.3 0.077 (2) 342.8 (4.9) -
Granulation
0.4 0.070 (1) 440.2 (5.5) -
0.5 0.061 (1) 437.2 (5.8) -
0.2 0.304 (3) 46.1 (4.8) 0.197 (2)
0.3 0.387 (1) 343.4 (22.3) 0.010 (1)
Signal, g
0.4 0.402 (1) 160.3 (34.5) 0.020 (6)
0.5 0.410 (5) 109.9 (9.7) 0.105 (12)
Inpainting good
0.2 0.621 (1) 391.8 (7.4) 0.010 (1)
0.3 0.578 (1) 377.6 (19.1) 0.017 (1)
Signalcentral
0.4 0.607 (1) 343.7 (23.5) 0.027 (6)
0.5 0.607 (1) 258.3 (15.7) 0.035 (3)
0.2 0.829 (1) 363.6 (19.7) 0.010 (1)
0.3 0.789 (1) 271.5 (27.9) 0.011 (1)
Signal,;
0.4 0.822 (6) 93.1 (12.2) 0.091 (15)
0.5 0.806 (3) 147.4 (11.7) 0.070 (8)
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Table 3 Continued
Method Flag Feature Duty Cycle f/pHz A/(ppm? - pHz ™) ~/uHz
0.2 0.012 (1) 1095.9 (0.4) -
0.3 0.074 (1) 397.3 (5.4) -
Granulation
0.4 0.078 (1) 403.8 (5.4) -
0.5 0.090 (1) 339.8 (4.2) -
0.2 0.301 (1) 80.0 (7.6) 0.199 (1)
0.3 0.333 (16) 24.0 (8.6) 0.137 (38)
Signal,
0.4 0.497 (2) 60.9 (6.2) 0.191 (6)
0.5 0.470 (26) 29.7 (6.0) 0.179 (15)
Inpainting bad
0.2 0.562 (1) 373.5 (8.7) 0.010 (1)
0.3 0.573 (3) 227.9 (11.0) 0.077 (5)
Signal ygral
0.4 0.598 (1) 398.9 (3.0) 0.011 (1)
0.5 0.598 (1) 395.8 (5.4) 0.016 (1)
0.2 0.776 (2) 134.5 (16.0) 0.011 (1)
0.3 0.786 (8) 70.9 (13.9) 0.103 (36)
Signalright
0.4 0.800 (6) 98.2 (11.0) 0.127 (24)
0.5 0.792 (1) 280.9 (20.2) 0.024 (3)
0.2 0.111 (10) 348.1 (52.2) -
0.3 0.110 (9) 367.8 (49.3) -
Granulation
0.4 0.096 (8) 375.8 (47.4) -
0.5 0.088 (6) 386.2 (43.9) -
0.2 0.408 (23) 84.3 (52.7) 0.080 (39)
0.3 0.402 (9) 201.1 (65.0) 0.048 (16)
Signal,s
0.4 0.389 (10) 113.0 (27.6) 0.107 (32)
0.5 0.413 (7) 182.7 (34.7) 0.094 (18)
GP good
0.2 0.608 (12) 256.0 (46.4) 0.116 (32)
0.3 0.596 (6) 316.1 (45.9) 0.058 (10)
Signal ygral
0.4 0.602 (5) 273.5 (52.9) 0.060 (13)
0.5 0.601 (4) 263.9 (50.3) 0.055 (11)
0.2 0.814 (17) 123.9 (49.7) 0.077 (35)
0.3 0.794 (8) 209.6 (51.1) 0.083 (21)
Signalright
0.4 0.816 (8) 152.0 (33.8) 0.082 (18)
0.5 0.812 (5) 219.9 (45.2) 0.060 (12)
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Table3 Continued
Method Flag Feature Duty Cycle f/uHz A/(ppm? - yHz™") v/ pHz
0.2 0.094 (12) 361.1 (59.4) -
0.3 0.093 (8) 430.0 (59.6) -
Granulation
0.4 0.102 (7) 406.4 (51.1) -
0.5 0.106 (7) 358.2 (39.1) -
0.2 0.386 (22) 109.2 (32.7) 0.132 (36)
0.3 0.365 (33) 44.2 (25.4) 0.133 (38)
Signal,.¢
0.4 0.382 (22) 74.2 (21.7) 0.140 (36)
0.5 0.372 (17) 58.5 (24.5) 0.098 (46)
GP bad
0.2 0.596 (11) 223.6 (54.8) 0.102 (36)
0.3 0.590 (12) 217.2 (36.8) 0.136 (39)
Signa’lcentral
0.4 0.592 (7) 218.6 (45.0) 0.098 (36)
0.5 0.597 (8) 195.3 (32.2) 0.127 (31)
0.2 0.810 (13) 114.8 (43.7) 0.079 (32)
0.3 0.794 (20) 96.4 (22.3) 0.154 (28)
Signa‘lright
0.4 0.803 (13) 118.4 (20.7) 0.150 (27)
05 0.807 (8) 124.5 (27.4) 0.105 (34)
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