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Oty = Otobs + A - 0 . (37)

A N Bk 2 TOA YA, "= (37) M5 oz .
5.4 SRIERFRFAPDIES HIRZ0

X SR UL, BRAT AR SRROK B A8 R AN T B AR AR R R R AT R R
MR T SMMBE v KR, Y v>01GHz i, Te~v ??, 7Ev=1GHz i, HOI7H
Te~40 K, TERBOXE T ~ 5 K, WX To ~ 3 K. 1E6 & WL 5 2 £k it 22
B, BT 5 R R 2R S AT B

KIHESA 11 A, KPR S-S TR A A Z R, KRRt S
o BRI EE R L, TERFEkel B, BUSEGEEITAL T BOE m My kel 2, [Ho5 24K
T8 FIORBHIT R, K FH B 3 8 6 o S bk ok X 3284 T

T X SN, ROSAT ERMBENMLE 0.1~2.0 keV FALHIEK X LT REIFRH,
BOTTMRA L ERA XS 6 fF, HERPBHEMIFE 15 #2077 X G2kl 224
[UENCB £ R R I IP=ATE bR
5.5 Rk EAIERE

ERPRKh BB R B AR R, BARRAHE T R R Al ok 255, HZ
Fhk ok B RESR AL E AR Bt AR e, AN EEXTR. TR BT RARE 2%, AR
EHESHOCLMHRNE T ke, HAEZ W ITa B fiisks, LABUENEYUES R
Xt TOA §IRgm. AL TRCIREAR kel 2, MiZxt B G 8as e fhit, ALtk
BRA HHRBRABG, MABRTESr. ASh, kb BERESESRIMRES. SRR, BT Ed7 i 89
HREFHRIERMN B RN R, X TRERK R, NIZXTHC A B HESHO R AR &
SR A, REEMEARSHIERERSkh 2, iRkl 24 248 TOA T
VORI A, ORI FlX S yort, M3 A SR AT AATREST U017 | N E I R e R
Hfkni 2. Brigfket B AFRETEZ S 0. BET, SRkl EERE, A, X
Srecikoh BROEAZ, MEHRT X SHLknt B0, MEA SRS X Sk,
TEST AT X S 287 5 BRI 2 SR AT EL BT T R L BE Y.




260 X X ¥ # B 2%

5.6 Bk ESMBEERLRIIR

fkob BB EIR TT A H B BGR, HOCRERMAETT 2B TEH, (HESE A EXERE
kol 2 RALEEER. AR B FAREE, Sheikh S M SHATRFY T R EBE LR E
A ARGOS TLE, T 1999 4 12 A X} PSR B0531+21(Crab fikofr2) #E4TH =UCWM. YL ]
X SHERMZFHA A 1000 cm? , 3 YORIARIMFE] 7350 446.7s . 695.9 s Fil 421.7
s . BRARXEME B A HAE M TRkl 2 RAU s, EAAXET0R, W a T 3 K
FMFFEIR) TOA Fed. @EEWMBER TOA 55 PSR B0531+21 kil BB F{4R Y B A K FH 5
B TOA W HES, 552 ARGOS TLETENM M2 i A0 (LK R BLOASH Uik 2
TR BOEER) . 3 I EHARE 5108 £1.8 km | £1.6 km M £1.9 km . QIRZ#E PSR
B0531+21 fkaj BAMRALRZ, FHEE X SR Y EARRM A (B MR Bre i iers) | 2
W EHR ARGOS TLEMALEMI ARG R K 0.3 km M| SZRRASB]HRE EEL IS RE I 6
H, HEZFEFESE—-2HT.

BAE, MM GPS TLE MR SREMS SC I A =2 18] HARHIAE B €2, {5 GPS &4
RETE A TR B AR A /oK. 2 T I BE A TR 0 RE A RS B B T 25 E AR I AL 07 TR Y BE
B, (EXELMSEIR R 4R AR. A kel B A AR SERBAE S BUK P ARV P9 25 6] R ATAR Y
HESM, FEEATEME RGN E, NMELE, HA ] RELBR HIre s E =4
AepRE L. HEERZEHMA AR, ZE KT 3 M RREREEY). | T kel 2 SH0E
g, WHMEAEENZESRYA, 2004 48, REEGHE3NTHA X HLikm 28 A ESM
(XNAV) BT H, 7RI 5 FF58cs. HEE: 7ERHREE ML £100 m #-FA4T
ENKEREE, HADHRERATIAMET £10 m WREE. WRAE IR E OB, ko
B AURA T REIRAG A A A2 A
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Positioning for a Spacecraft using Pulsars

YANG Ting-gao', NAN Ren-dong?, JIN Cheng-jin?, GAN Heng-qgian?

(1. National Time Service Center, Chinese Academy of Sciences, Lintong 710600, China; 2. National Astronomi-

cal Observatories, Chinese Academy of Sciences, Beijing 100012, China)

Abstract: Pulsars offer most reliable timing standard due to their very stable rotation. Their
celestial positions in space was determined. So pulsars can be used as both time standard and
spatial reference coordinates. It is very important to investigate navigation for a spacecraft using
pulsar timing information. Earth-based navigation of deepspace satellites has satisfactory navi-
gational accuracy only along the line-of-sight. During Solar conjunctions no precision navigation
is possible. Autonomous navigation for a spacecraft may be realized by using pulsars. Such a
navigation system offers three dimension coordinates of spacecraft with respect to the barycenter
of solar system. Radio pulsars can be used only for navigation of spacecraft with heavier payload
and X ray pulsar navigation system is suitable for most popular spacecraft. The model of pulsar
clock is discussed and a frame structure of pulsar navigation system is outlined. The algorism of
spacecraft position is referenced to the Ariadna study by Sala J, Urruela A, Villares X. Today
about 1 800 radio pulsars and 70 X ray pulsars are known. For the most of them rotational
parameters (rotational frequency and its derivatives) and astrometry parameters (positions and
proper motions) was determined. Modeled pulsar clock can predict rotational phase with respect
to the barycenter of solar system. Measured phase delay on spacecraft relative to predicted value
with respect to the barycenter of Solar system contains information on spacecraft position. Tim-
ing observations on spacecraft of a group of pulsars well distributed on the sky may offer positions
of spacecraft by a good algorism. The positioning accuracy of spacecraft is mainly determined
by timing ability on spacecraft which depends on performance of detectors to pulsar radiation.
Shapiro and Einstein delay and parallax effect should be considered while high precision timing
is carried out on spacecraft. Some key technology and method in developing such a navigation

system is addressed and discussed.

Key words: astronomical facilities and technique; pulsar; review; pulsar clock; spacecraft; pulsar

navigation



