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Abstract: Using the first public data set of Crab pulsar observed by XPNAV-1 satellite, we obtained the

resulting pulse times of arrival (TOA) and the uncertainty using the Taylor frequency domain correlation method.
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After removing the fifth group of data for its too few photons, we obtained the root-mean-square (RMS) of the
pre-fit and post-fit timing residuals of the 34 groups left to be about 27.1 ps and 22.5 ps, respectively. The data in
the 24th group, which is with the most photons, were divided according to various photon quantities. The
relations between the signal to noise ratio (SNR) of the pulse profiles, and the measurement uncertainties of TOA
and the timing residuals, and the number of photons were obtained. On the real-time positioning requirements
from spacecrafts, the effect of increasing the number of TOAs while maintaining a given SNR on the positioning
precision is analyzed. By regrouping the whole data set by 20 000 photons, 214 TOAs were obtained, and the
RMS of the pre-fit and post-fit residuals are about 61.8 us and 61.3 ps. It not only largely enhances the real-time
of the navigation, but also improves the positioning precision by about 10 percent.
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BER T XPNAV-1 TR P AT BRI A 5 AR L PR AL 255 0 B
F 1 Wolter-1 AR X SN S TERESHL

ZH EiEta
PRI T SDD
M FRGE Wolter-I
PRI e B 0.5~10 keV
b 2R 20=15'
AREAR 30 em’@1 keV
B[] 43P <15ps
RE I3 P <180 eV@5.9 keV
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1.1 TOA AYFRER

XPNAV-1 DR RATESEL T TRMPUE SCFFmASoft, Horb, Bl SO & B
o0 5 ) 2 TLR FRPRAS 1] S P 23, DG I SO O6T TOA (O 7- Bk g i i 21 ) LUK 4
T RIRER . X PRI G 2 Crab ko RERSIH X HLO6 T, IF i R EE I8 ot 7 2k
PRI A AU Z] 0 S67 TOA R UTC APAiEsRIE, RIDET- 9l 3Rms ZIAH%S UTC 2008 4 1 H 1 H 0§ 0
45 0 FRAR L™ . X BHEE T Bk TR MR 215 TR ) i i B 2090 A —80, Bk, HEANET
SRR 25 0 1 20 AL AR ER TR A O L B S R, PR D R ] — R 2 M L

PR S BRP WSz s, HATAER 5 15K Z L, B2 e 6 7 BE I 21755
LB R —S% 5 KR RERS % R ( barycentric celestial reference system, BCRS ) J&—
AUEBE R, AT TR XPNAV-1 TR BYHUEZ SRk op 2 B0 A5 2 Canffhig ) o FATH Crab ik
R G BRI 25 1 B 2 460 31 BCRS B AR5 S s —— K FHZR 0> (solar system barycentre, SSB) .
PEREFE R AN S % R ST R GE R0 s XS4 I BOUIN AR X 5 e R ) — A s e T X
SPPER I BOWLIN o5 25 AR 5 7E B PR J5a v 18 G BICHON, LA R L BRORAGFE I SE . ph T & A Y Crab ik A2
BIIARFZEMZET, HHBAXWATHEE, HilfT Roemer BT LE | Shapiro B 4E DL ) Einstein fiJ 4E 1
MIE

Roemer i ZE I A K w8 AR X T SSB A B 7E Crab ki EARLR Ty 1) b 52 B P A= 1 sk ] 4258 5
W AR Ny B AL FEIAE . Shapiro B AEIUE By T K B &R 9 K BT & RAR G LRI 2l , 57 A= 41
FEORE 5 R AS I 4 s [ G 3R H T BR AR BUE I AR AR (R B0E . HORBH A5 01355805 A AT 208
TEHIER b S2BLA JETI MOKR B R 42 R R B IR Z ST 0, iR A BH 2251 13755 HBRORE X A BH 28 5O
BB PE RYFE , R E IR R BTOS R o kol B ULt R i ko B T S
WU B 228 R 1R] RUBE . BCRS I A i ] RUBE S oK B &R B O AR BRIs) (TCB ), T TP st s, 36
NASA Wi SHEBE LS 2E (JPL) Z3H Ay . F TR K BH 2 AR A A7 B 5 B2 A4 T A2 I3 R T R Ik i) )R
JERK RS20 (TDB) , TDB 5 TCB ZIEIAFAAE A IATE 225, (UAFTELMEZ2% . 1T Crab
iknp B2 4 B2 D IE AR A2 TDB, - IR IMZBDRS 't 1 SR I 2 iR 554580 TDB. Einstein B SE 150957 K b
B} ( coordinated universal time, UTC ) %] TDB R} [a] R G, BE4ud BRas 2 BTN R0N , BIRk X
FAXS IR I PP Asg” 20 Gz sh Y288 ) 517 SCHXFIs T 51 L Joi (Frabry 517
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itk , JECT-Eh A E I AR ) o A () RO SR

T,y =UTC+4,,, (1)
Ty =Ty +32.1845+6 , (2)

L
Tyco — Ty =——(Jyy ~T;) x86 4005 . (3)

1-L,

Lo VGZB (PN) (A)

n@—nafi?L]ufhE+m% + ALY |de (4)
Tl‘DB_Tl‘CB:_LBX(JTCB_];))X864OOS+BO’ (5)

ARP W BN [,=6969290134x10"" , L, =1.550519768x10"° , T, =2443144.5003725 ,
B, = —6.55x107s , AL™ =1.097x107"°, ALY =5x107",

KD~ AL BB EHFE, 5 FHBERES (terrestrial time, TT )AHX) T [E PR B ( international
atomic time, TAL) WIU/NELL, Uy HRBHR R AL A5 18, v AHLOAHXSF SSB 32 3))
BB, UTC NPt ny, HAMK S TAL WA KAH, o0 [EPREAzd] (SU) &b, EAEmr 2] b R
7 R G HE R UTL AR4%7E 0.9 s LN, HAT, UTC 55 TAIAH2E 37 s H.OA8FRI} ( geocentric coordinate
time, TCG) N0 RERS% R IR, K5 TT MH2E D HBIEE Ly o Tiep T Trog MR R L
X (5) , Hep, ALY ALY A3 B0 R E BRI SOE S LA KM T RAB TR, TDB S oK B &R I fi
MR R, 5 TCBAAELRMERR, ZEEZEMLHIEBN L, . ERAKY, TSI, Jip R
fi¥% MID (Z94bfRErEH ) o

TEIG T 335 SSB AL IRy Z2 i, 5 St FH K B 28 Py 2R 45 1 K BH 55 AT A2 18 Joi £ L R W ik 221 2% %
PR SSB EE B4, — L] JPL &AW DE RAUTK . T Crab fkip AL 22 A DE200 J &™)
RN, ORFF—30, ASUBOG T35k SSB RIS ZI 4], R FH 2R i R MR 1E M DE200, Zitt, Zid—
FHNMIRI . B3] 7O 723k SSB W2, ARG T35 SSB IS %), 7E SSB A HEAT ik e R4
43 AT BB Bk P e B S AR E K e B L AR5 B ABCE AR SCAL IS B TOA o FRA ik ol Jas 2 Ut WL
M ZoyE &R 2], 2 TR 200 FEBdEaes SRR E AR B4R B, B 75 T SChe . AR
Jhk i SR o BB N TR R, AR R R MR L, X R ARG 35 HEWEITBIE . AA3C Crab fik
i A AR R D e B 2 AT [E] Jodrell Bank K 3L &A1 9 Crab kit 22 P € LS5 Hioc i i i B
), B PiE XrS2E Fiocse i i Ag 2 i) TOA . i T TR WM EEE X S BOMFE2], 5k
R e R P R SR R SR R T IR i B, DRl e 4T 28 DR BOAR HE DK WP AR B AFAE 0.198 ms (9% R AR 2Z
PRAERK S BR AR 3 BoR o TRk o B 4 s W L AR 4 (DT ) 22 S5 AEARI AR DG, 5 fa] A1
A SR, HAS B AR AL B 1 BENORS . TOA W 5bRS B2 805, Air LAAS SCAHY TOA J2 R Y
Jikcme B S AR E K AR BR 22 DFT 2 5 ZEAUS B ARG I T iR AR B A . deZE, TOA i i e i Wil i 220
FH AT i A% £ 7 A B4 ESF ) i B S R 190 A o

TRt , BURKM I p() 2o, PRrERK i ] (1) o, IFRISEIR 5% D, W p(r) 7]
PLR N st — D) B RR%L, BIA

p)=a+bs(t=D)+g(t) , (6)

X (6) F, a WHBNZE, bRIEABRINT, g() MCRRHTTE HRESREYIAT A, 28 DFT 2246t
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ZJa, PIABK RS B R] 3528

N-1

P, exp(i6,) = Y p, exp(i2njk /N) , (7)
=0
N-1

S, eXp(i(pk):ZSj exp(i2njk /N) , (8)
7=0

XL (7) F(8) ., 6, . o 3BT Ik hde i SARERK b5 e BRI ARG p, o s, 405 — 38 B BTHCR
ey P S ol —# BB i R B R IE . ARYE B AR R AR O R, 15
B, exp(i6,) = aN + bS, exp[i(¢, + kD)]+ G, .k =1, (N -1) , (9)

X (9) H, GOREHLIE , RISk 8 BORFEIR S g (o) AP L2540 . SCRR[25145 TR Ag 3 4
RHEEa . b DWITE. WHIMZE a WER BIEM A (11) AT AR R T b 5 E]
SERE D, FFEMELSIHE 2 (b, D), FEEHAER/N, FIAIE S AR . TOA RN E B 22 50
(12) ¥4

a=(R-bS))/N, (10)
£ (b.D) = %P’k —bS, exp[i(p, —6, + kD)]|2
B k:1| UK | ’

(11)

Gron =1/J0* 4?1 0D* (12)

FIFH K o 48 B B SR TOA, FERKpfe BT &, T2 6@ TAHOERE (bin) MR, 5 bin K
JERLR, WS i kiR Bl T, BAME R 45 bin MHREERE/N, 78 00 Bk ol 48 50 45 1 oK 23 i
PRREAR o ARGE AL B2 S XPNAV-1 TR WIS e % 227 M C R, ASCEE A bin MK R
11256, TERGEAN FIRIMEAIECE N B, T5 2455 7% [B A5 M L K i ] 43 3%

THIF 5% 22 A & 1 TOA 5 Pk op 2 i Haf B AR SSB AL T4 i TOA Z 25, B,

R(”:M’ (13)

X (13) o, v U Rk p 2 AR, () MR RIARDL, N NS ¢(0) BARIE L, ¢(0) 19Tt
BT

#(t) = 4, +v(t—t0)+%;(t—z0)2 +é;(t—to)3 e, (14)

BH L 1, W2 Crab ORI EUREANL 6, . EIFESRE v RO — . — WSy L v 2T ph ok 2 L 15 5
EHSF 2% | BRI R B R T R D 2R 2 | 51 1B S [ A Bk i [R5 25 DA K s AR AR
WRZET W, FF ELBK oA B A LR e, SIS ] N RAETE glitch BLE, ABATHIBR 22 9 K/ NAT ATE—
SEARFE b S LI R (A Rk o W SR AR B FO S — A TOA, 438 H 35 AR5 5] 35 4~ TOA
i, LA RITTETER 220 RMS {H°h 26.733 8 pso T B985 H, SCER[271 I AG 1T T 31582219 RMS, BEE. 2
1. BT S AEARACH 7211 AT, dmim/NFHARZDI 0650, P B Bk b e B 15 1 thad 1%,
P FRAT T sz A B . 458 5 AU )5 LA RIS sk 22 ROLAf e B E 1 (a) iR, BE)E
(B T R WAA ) Tk 2EmE 1 (b) iR, MEEIERA RS2 AR v AxHEE
A -6.11757x 107", 1.33226x 107", MK 1 ATAFEH, SIEHTTHE R 225K BB B2 it
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5 TOA MR RE R SE R AN 2 s . TOA RS E LA™
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1.2 MNEESEAE
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AFWFFE I IR, 0 SR A (R R 0 ) ) 2 TR o8 v 15 M B 1 ok o 6 A B 5 /N e i iR 22, (R 2R R
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A B IR SEEHE IE
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WIETE) ZJRRRUMZE (eRME-f/ME ) |, XFER BB 5e B F 0, 12001, #4565 22 4154
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BT & i RO FE Z . FU DK 4e BR B (5 I LBy, ko BB AR
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W Ml AL TR0, PrE il bk AR ERRARE , S 2 JEIRLAE—2. tkAh, IR S ATLE
L TR ZER RMS (EREE LTS BO 38 a4 il N il i 3



LR FHA AT X FER KA TOA K00 3 B AL S0 47 73
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FEBRE T BRI SCA A AR AL P 2 S5 A5 2 ik vh )3k SSB A E] o Q1SR KRS IO BASUE, LK =
AN TS AR 25 o AT LI 0 g ik b Bk e ) CERARAE ) 5 BRI R AR E AL, B BRI R
FHE A IE DL O 28 TR UE KK . XPNAV-1 TR & A (50 5430 T LAFR 15 800 24~ Crab ik i 2
X HHERN T . EPARB D ke BRET , A3 TR G FRE RSB R SRR, R
Ab PR AL 31N o AR ARAL T35 551 D150 W RATIREE , WL st (1] DK B3 Ak
[P, LR AR SC B R THLIE 2™ S0 25 WU Pl . i LR A AL B A TR 22 SRl ] R, AR
BT  BsF 1 A ORI 50 s 4 Sy — U ORI, 5 T B4 AN 7846 T A B 1] S R 3, 0 R 88 ) B0 TG 1 S Bt
BIE. B, FERR Bk ibie BR 4 i, S5 i %) 2 R S AU LI AR 43t 1] 5 Bk np 48 SR (5 Mk 1L, 7E
PRUE K e B A5 e L i (RIS, s/ I AR A3 ] o FE At B b & B, AT 20 000 A4S 5Bl AEh—
YA O 2 3 1

PR 5 dHEUR 25 09 34 LHERIRAEL 20 000 N6 TFHE4T40 40, TLAIS3] 214 4 TOA, #I4&
HOE IR 22 8 7 iR . BLE RT3 2% 19 RMS {58 61.836 7 ps, 214 ZHEI 3 TOA A 5E BEH
43.188 0 ps; fUAJETHETER2ZEM0 RMS [ S5FRUEZE 35128 61.314 1 ps, 61.177 9 pso SrdL AT 11T 5% 2= &
AN E BE B FL AR S R W36 3.t Bl AT, 214 A10°F-3 TOA A JEBCR /- 2 A e, (HAE
PR ke B A e L A 00 AR B T R 210 TOA il . — ok Ut it KA 09 E GRS B E L FRIE AT
it 5% 2% (19 RMS 1 ) LT TOA BRI E A, B o) o Opyys /[ Nron o FHILET U, 7E BB I5,
ENAE IR AR, MEAIET: 0,/0, 209, K, o Flo,, 45 NEHSAZ A2 5
ENAERE . R, 4 TOA Bt 34 353 214 25, &R S T4 10%.

3 SRR ER 2 RO R L

RS ns 34 HERBIART 34 ABIAE 214 AEdERLART 214 AEFEHLA G

TR 22 RMS 27.1176 22.5256 61.836 7 61314 1
THIFER 22 1 {E 3.408 8 23538 -0.7529 -4.083 8
P15 TOA ANHfE S 20.091 4 20.091 4 43.188 0 43.188 0
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