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e (1) BEBE X HER BT (Terrestrial time, TT)$E A7 AR AL, A0 A 5 5 B 1K 41
FaE s (2) 5 57 0 AR R BAN R, ik B ) 2 i 7 AR R i B RAR K is B id 72 E
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T Rk e B2 NPT ASE FR B AR ECE 3 T B E L, BAERTERED. Bkt B B mia e
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1T ARG UE P LR S Bk B NI 38 SRk, SR FE I v 457 bk b A U N B (Parkes
Pulsar Timing Array, PPTA)¥4E 47 T 404178 20124F, Hobbs® A #& #8055
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EMIPSR J0437—4715. J0613—0200. J17134+0747F1J1909—3744 AFihk 2 155 1255
P, A PRLT R AR R A B LR, A S 2 DL L, T B 2 TR (]
2% NTT (BIPM2015), Ji# R HDE4361T 2 K. R1FHPSRANKIMIE A, Periody
=Rk R 1) B AR, RMS NI AR 7% (residual, Res) 135 45 #R{E, SpanJy Wil & 3
K, NTOANZ: GRS I3, Start M Finish AWLIEHE ARG, a2, A
fE 1L A% i H (Modified Julian Date, MJD). H B 1TA] %0, H T UL & 4 58 5 A 7] R Se 4
T, Rk SOULIIAS FE 0 AH B Hb 2 5.

&1 IPTA 4BBKHEMERER
Table 1 The basic information of four IPTA pulsars

PSR Period/Hz DM/(pc-em™®) RMS/us  Span/yr NTOA  Start (MJD) Finish (MJD)
J0437-4715 173.688 2.644 0.346 18.59 5302 50191 56977
J0613—0200 326.600 38.777 3.367 16.06 9284 50931 56795
J171340747 218.811 15.968 2.460 22.47 17454 48850 57051
J1909—-3744 339.315 10.392 1.120 10.825 11464 48850 56992
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x10*
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1 | | | | 1 -~
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x10* 104

‘ ‘ ‘ o oL [ 11713+0747:2.460us

Res/s

57 58
x10*

5.6
L 1 11909-3744:1.120ps
|

3 5.35 5.4 5.45 5.5 5.55 5.6 5.65 5.7 5.75
MID/d w10

K1 IPTA 4Fket B HTH AR ZE (R RIZAETT (BIPM2015))

Fig.1  Timing residuals of four IPTA Pulsars (time reference is TT (BIPM2015))
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B S 3R T, 11 AR 22 1P B 569 10~ 7 sl /N FI1.12x 1077 s, 5 ZEM1.25x 106 sf#
K £19.58 x 108 s, K A KM B4 = 3 FH o, VPAN P R 7 5 (0 254 ik ob B B AR e 1, 40
A3, E4.

x10°

—T-Weighted average

49 5
x10°

—1Bispectra filter

49 5 51 52 53 54 55 56 57
MJD/d x10*

K2 IPTA 4Bkt 2N S kb i (WSS T TT (BIPM2015), ERIETRGEIE, FEZE TG
).
Fig.2 Ensemble pulsar time of four IPTA Pulsars (time reference is TT (BIPM2015), the top panel is
based on the original data, and the bottom panel is based on the filtered data).
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Fig.3  The stability of ensemble pulsar time established by the original data of four IPTA Pulsars
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T.77x1071; 10 yrAU AR B oN1.23x107 15, 2.25x107 14, 2.86x1071%, 8.75x107 16,
8.56x 10716, JE - Fir A5 JiE U B4 ST B A0 47 B ik ok B N AR E FE N2.03 10716 AT L4
Jok R B 5 R A Tk e R B )RR B B A U N B TR] 3G o g SE N A2 e, Fa o E R AT
{10 T S5k b 2L IR S O 00K R T 1RJ0437—4715R1J1909—3744. 4 W I i 18] i 10 yr,
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FJ0437—4715. J0613—0200. J1713+0747. J1909—3744F0 %54 ok vh B2 ) 1) ) R 8 B
SrAIN3.TTX107 M, 1.60x107 12, 6.75x 1071 4.76x107 14, 7.40x10~; A E E 4y
H°H6.94x107 15, 4.39x10 ™, 2.03x10~™. 3.19x10~. 1.50x10~; 10 yriffa e fE
92.91x10715, 1.74x107, 6.53x10716, 7.36x1017, 3.50x1016. FL-T- P ki %
PESZHL 25 A kb R I RS 5 FEN8.21x 1017, A EL T4 i in AU B v, ﬁﬂfﬂw}ﬁ/)}zﬁi/z‘z
&R Bk b R I R R B0, e S o 3 T SR ok o B2 I B 2 6 ik b L ) TR AR 1. 7

Ui B IR, 22 B D) OB R T 500 W ) B — g, Bl = 1, %ﬁ%@%%%ﬁmmmi&
P, IR AE B A B SR 2 T UK b R I AR BT

—1-J0437 - 4715
—F-J0613 - 0200
B J1713+0747
01909 - 3744
X —-EPT

Time/yr
B4 HETIPTA 45Uk 2 D8R i 5 ik 2 I Fo A e B2

Fig.4  The stability of the ensemble pulsar time established by the filtering data of four IPTA Pulsars

BIPME & A % 5250 5 R FF 1 30 77 J5 7 B TAT (XX) 5 B 5 B TAT s % 5C
fF, XXAE B ARSI %, I LM SRR, R Ho, 745 5 1 iR Be B X
#Z I H 0 (National Time Service Center, NTSC). 1 [F 4% AR # B4 5T Fir (Physikalisch-
Technische Bundesanstalt, PTB). & %' 7 [F 5 £ R ¥ B & Jo 4 i T % o 70 B
(VNIIFTRI, & 5SU). 3 B E ZKArER A 7t bi (National Institute of Standards and
Technology, NIST) 45 4% I 547 i+ IF () Fe 2 P, B 15 AMJD50814—MJID58904. PT-
B2 H i E br BT A 5 Sz o 7 BoRS JE f v B S AL 2 —, AR [ B 2R & BT I A
R B K, TATL (PTB) A BT ik b - S0 A7 78 B R 200k A8, L3S 2 B 4
W, WO SR EE T 5B 1B RN 5 3B A als, B3 B P I AR T 3R L, R TR 43 A
NTAI (PTB1). TAI (PTB2), 5 1B4E f A MJID50814—MJID55439, 2B 4 4
BINMID56079—MJID58904. 455 HA J5 4 A2 a2 14 L I 5.

JiR I B RS B — A Allan 7 2360w, BT 77 8 525G ki & (Ensemble Pulsar
Time, EPT)M LR, WA Fo, J7iEVFAL HAZE B, BB RT A, o, 7 VE RIS B JE T I A2
SE PEREAR FARFRRGE, 1 JebEAE WL [a) S5 1 I A€ BEZR 12 3R, 296 yr/adase It T .
TAT (NIST). TAI (SU). TAI (NTSC). TAI (PTB1)FMTAI (PTB2)HI4EFE & 4 7l
NL19x10712, 13810713, 3.53x107™, 2.31x107'3, 1.46x10715; 5 yrfa i & 5 i
N1.05x10713, 1.12x1071, 2.51x107%, 5.51x107 14, 2.22x10~ 16. LR ok i L £
FREREMRTTA (NIST). TA (SU). TAI (NTSC). TAI (PTB1), i#tt4FTAI (PTB2),
TAI (PTB2)ARF i Ji 15 (W i =K ¥, R T LATAL (PTB2) A GIEEAT 73 4, BEAE AL
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WP, R A ket B A @ PR3 T, TR 5 A2 @ PEIEE, 5 yrif [AIPI & AR E R AH 4,
SRS yrJa £8 G ket 2 LT TAT (PTB2), AT H T 25G8 J5 7 I AeE 5. ko 22 I e A =
2 AR D) R R R AL 2 A e 7 4 R G MR R R, T RV ik 2 B B A
PRI LI 2R e 0 P Bl B2 o PR ORI A . ke B I KA 32 B 2 ik B2 1 e AN AR PR )
SO, BRI R A ORI A TN MR AR, DTS UL DN s A K B A B A I 7
ST kb BRI AR 8 BE R T

P =N

—F-TAI(NIST)
—-TAI(NTSC)

TAI(PTBI)
—J-TAI(PTB2) [
| | | | | —-TAI(SU)

2 4 6 8 10 12
Time/yr

K5 [EPr LAz SALJR T I R E

Fig.5  Stability of atomic time of four international time service units

4 HRSoh
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WL s e R A PR Be, LEAL#r 1 ko R 5 IR i AR e . il T ikeh 2 3 g
2 PR] L B 106 S R ) BT VR A ) Tk e 20 Jo [0 Tl 2 1) FA AR TELAE PR A A FRL 3R B v, Ak
TR R SR>, B CUbK e 2 B R AR B I RLB ARG, AR A E — K
FeATEMEDLR, it s . T e A2 fa kol 2 B S BOERESE, IR (8
WO AU Htah. — ok, i AR IR BELE 5, 2 — M E
NI T AT, %S AT O e B ey R . SR T AS D K o 2 (R T I R R R
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PSRN s R i SioF <t O N B 18T Y -tk S DO AP S0k 7/B 2 S UY E S N
X 4L P BEAT RN, 40K ] Cholesky 75 123 M1 DU £ T J7 VR 0] T I g 75 E 4T A8 1,
Bk 55 Z1 16 75 (R R .
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A SC R G A AT O R kot R B R R G I A i S B AR S . IR B H 8RR
& 1 LS H B BE T 199648 2 S 78 [E] 3 T J ik B2 UL, %k ik B B AR L2022
A, [ I 3R T 201647 s 11 4 Bk d K11 S F B2 78 85 500 m [ 4% 35K [ 5 F, B2 78 45 (Five-
hundred-meter Aperture Spherical radio Telescope, FAST)#g 5L 8 24 i Z 0 ik i 2 ¢ =
A FEE DL, A0 g T ik e B g ) RO RO F L4 (1t =6 3 1R B

£ E X
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Research on Ensemble Pulsar Time Algorithm Based
on Bispectral Filter
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AsstracT Some millisecond pulsars rotate very stably, which can provide an inde-
pendent time benchmark called pulsar time based on remote natural objects and last
for millions or even billions of years. The pulsar time is characterized by the high sta-
bility, long operation time and wide service range. In order to reduce the influence of
Gaussian noise on pulsar time construction in millisecond pulsar timing observation, a
construction algorithm of ensemble pulsar time based on bispectral filtering is proposed.
Using the observation data of four millisecond pulsars released by IPTA (Internation-
al Pulsar Timing Array) to establish a pulsar time, the stability of ensemble pulsar
time in different time scales is analyzed. Then, it is compared with the four atomic
clocks which make up the international atomic time. The results show that the bis-
pectral filtering algorithm can effectively reduce the influence of observation noise and
improve the stability of ensemble pulsar time. The long-term observation data of four
millisecond pulsars (PSR J0437—4715, J0613—0200, J17134-0747 and J1909—3744) are
processed. Compared with the classical weighted algorithm, the one-year and ten-year
stability of ensemble pulsar time are raised to 1.50x 10714, 3.50x 1071 from 7.77x 104,
8.56x 1071 respectively, and the stability of single pulsar time also shows the same rule.
It is also found that the five-year stability of the ensemble pulsar time is better than that
of the atomic clock TAI (PTB2) of the German Physikalisch-Technische Bundesanstalt,
so the pulsar can be used to improve the long-term stability of atomic time.

Key words time, pulsars, methods: data analysis
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