49 4555 3 309 X X F ik Vol. 49 No. 3
2008 4E 7 H ACTA ASTRONOMICA SINICA Jul. ,2008

SHIEFHSUMAMERE
BAR'Y HATY AR AT

(1 PENRBECEE 61081 FFBA dLRT 100094)
(2 WEPHER XA LiE 200030)

WE SRS BRET TSR IR T TR JL T PR
SN TR B0 SR SRS SEOT BT 0=~ 51 Ko cosi
FatE B BB 28 Q5 FE P P MEO TR wr = wo —w1 » (A/2—06) S
TR wr =wi—w) « (M/2—6) /2 BEF S 0. HH 0 = ;—‘ﬁn(z—-g—sinf 0.9 5%

DI BEAE 8 BRUWEERN L8 T — A B M = (T _Er, — T_Ero)/M/a B HE
FAPBEERL, wi = wo—w1 » (A/2—8) s My =My +n»t, —M« (A/2— 1) BIE ws FIM,.
i ik 22 A RUBE AN 1GS KB RE A B LG SL 5, 450K 8 BRI BilG ik AA S
Bob EACBSGE B W MEO TR LER B w500 50 37 9 S8 A S0k s Aot
ARG B O T A L.

XA REMEBFMXENE: HE, HiEBE
PEFES: P12 HRFRIZAL: A

1 35

il

DESMAELBIERETITRLEN Z 2 REE AR E. REZMR
fEF: (1) A HA T LREMILIEER. U GPS RE M6, HFSE—1ES2HES,
BB B RO T Bl LR (RS A 22— A0 KA 27 a0 f , B 2l
KR A P i A TR Dh LA, G SR 90 510 R A 5 22 i A I A R M o B
WAL AT LA FRO T3S o s H S 244 i et 20 R 28 op il A IR A DR B DILES , I EA TR R, 2R
[ Ff 0 A AR o U B RE A A S S I RV L B e 1L R 5 o B E L
(2) KEUERTDENER S L PIE, fB PSR, GPS DEFSHERE - "4
R ARG X TR PEAT R 2 A (R, o 20 e A4 R e o i TR Y 5 RS
L 5 Bt LA A R (5 L | ARG X ek B T A R TR ) A 25
B, DAGE ORISR R TR 5 (3) R8I0 L FH P 0 F D A5 ok 3 ek (s Bt ) TL A2
4 AT LA AT TR o A TIT Xof OR300 o [ AR T 28 ) 2 i » B 430 B O RN T2 X — R R T

® 2007 - 01— 26 I 3 FHE . 2007 — 08 - 21 YL F 15 2R
* FOH TR AU T 5T R (06 - 07) BE BIrIh

+ chenliucheng77@ yahoo. cn



34 WRXIREST - S LR I 2 Bl & 5L 289

K PEFMAGH, SEL FHEHRN SR DEFMAGZHA, NS, & LR EE
B (4) P A F DR A SALE. S DR 58 LS EBILTE 55 (I X 385 5 1458
X 38155 R0 1) T B,

ST TR T AR B B R W A TR R S A AR B R OHL I Bh B[], A R AR
FERE R B RER AR S5 PERE. HRTS M TEH B2 E AL, T5H GPS ARk,
GLONASS S LFR. He GPS ISR EERE R . S50 AP BB RE S,
HA BFEMLE HATC# Galileo R4% REH R TLEFMARLERA.

KF GPS liHiB B H %, FEEH RESHBA AT WAFFCHRFKE , RA X
(LIRS BRI T T W05, J 4Rt T—E S8 A B k. MIA SOHE R T T
MGHBFE , FAR T PIE BTG EIE SO R F PR .

2 GPS HESEHM

GPS [ 525 SCEPFR B2 A2 B i — DR B R R = W E
7 BT ARG » ELR A 200 i) R .

B TR DR ALE, 5 TR A E AR URECH P I B R 22 18 B 5 i ] 25
W7 AR EE. 1345 o s (] S RO IE AR B B SR BE R B 22 3R 22 /N T 2 R, XISt
BOC BRI 22 URE BTk F 135 K (1 6). iR GPS P B AR R 2RS0T E
Al SR A 7E B H Dok BIUE B3 A4 175 BB, 1R 22 T RESE K. GLONASS R 481 i 43
SRR Z . BRTEFVEERN, BRI AT 2 03[ 4],

3 EEEX

3.1 HHEESHMEEEL

GPS Ji B &80 83 B E A T 53000, SO IfR e s di i T B B & B AR, 43¢
BN Ch T X4 F UM SO RE: B oM IE B ) .

CL N P HE L T DL (R 22 1 5 R it T B 24K

7)) =7(Xostoste) sk = 1, n, (1)

b 7)) Fom 6 ML DEME A 3 MIESE .0 WSE T Z] L, X, FRFR
B BESE. (D ROHAEG M 7 W5 AL e AR .

or(t,)

20X,

r(t})—r(X Usfr}atk)—i_( )X[JX(X +1/0 Yf__.-‘u)gk:]:l"'??-

argk )
20X,
v = Br
ERA, X MXoo SRNFRE i+ 18 GOEASR A BSEC ATRABRE —E /M
W SSbm i , AR A 20

¥y = -?:( t,{-) = ?(X.f."c} olp oty ) . B,. = ( )X;‘,-‘U I = (?H—]."ﬂ — ?,‘;‘n ) .

| O~ 0O |
a;

e



290

X X

i#

49 4

—Br) ' (y—Br) %

Ko =,/
3.2 HAPE#%

m—1

i YarAUE PRI iR 2 e ATHCY 0. 01

R B3 TR (O B 5k SR A R T TR A B AR Qe 43
A AR GEE LR HER GM {EFIHER A 5538 &

A= (A = /ﬁ ity =t —ty + (CurWeek — Week) % 604800. 0

5
M, = M, +nts s My = E; — e sin Egyy = tan | YL —€’sin Ei/(1—e cos Ey)
k nt g s Vi RSN B T AN ) s B —e)/(1—e cos Ey)

i =0.3t+8, D =w +ws i = A0 —ecos E)y 22” = 1y cos @, - 2

’ .
Y = rpsindy

f ’ . . !’ . ’ .
Ty = T35 oS — W cosipsind.s ¥ = 1 sin 2, + . cos i, cos (2,

# v g
Zp T e 3IN 1,

Q.{' = QU —|— (Q s ﬂe‘ )r»{' . Q(rm

(23 CurWeek, 1 Jy LU BRI AT SR SHESULK 1. O T W48
(UEIR. GPS REES 0I5 58 o0 AL A BRI 1, AR T 0. 3x K200

£1 GPSHESHAR
Table 1 The contents of almanac parameters of GPS™*!
Parameter explanation Parameter explanation
uare root of the
D Pseudo random number [ 1 - 31] VA & . .
semi-major axis
Health The indication of the heath of the a Longitude of ascending node
= ;
= almanac. (0, useful.! 0;unuseful) ' of orbit plane at T,
e Eccentricity w Argument of perigee
The week number of reference time
Week M, Mean anomaly at T,
- almanac (0000 - 1024) : w8 I
T The seconds number of reference The bias of clock correction
o ) d 7
time almanac 4 at reference time
e Inclination angle at reference time The bias rate of clock
; ; e a ;
relative to i0=0, 30 semi-circles £ correction
Q Rate of right ascension

4 HiHEE

4.1 8 BHMHMEHEZE

HTREHBSEAMERE. AT T —E 8 S8 B
Week, Ty, Wase i 0.o-MFER, KIEF R HBSHL—4

250 BB E 2800



34 WRXIREST - S LR I 2 Bl & 5L 291

HRAE AP C i TR ALE BB, Il F (A [a] R A R 6 4> kepler HUEAREL, X
HITEHY a/e/i REIE FHIEMEARLMTIHSE Q UARGIHME 0 H#ER
AASHUGTE. HR 3 M HHSEAA 3.1 WIERRIEBS.

o == "g"h g‘if'"” COS Lsw1 = ‘2’.}72 %11(2 — %sinzf),n = JGM/a’ ,p = a(1—¢*),
(3)
Xp p=aQ—e) ,Fixf i Kepler BB AL
4.2 SSHMHRMPEZE
FL PR R B AT R 2 R AR AR (), A Q1 v HIE 35 H
(9 a/e/i BEANAKE) AR K Q0 RACA Q. 75 3% R[5 1 T60 LA 1 4 A
% MEO TR, @ = @ —w * (A/2— 1) \l
%t GEOLIGSO TR : an = oo —an * (A/2—2)/2 )
O Ay A5 IR BT B E 15 5 052 o A 45 IR B P A .
4.3 I SHMHMEHEZE

16 8 SR A T IIERY b, AR T % 9 SRFBHIE L. 0 8 S5
Week, T, Wae i Qo MFBRIGER_EHI—AS5CM REFH R ESH Q. 2
BB EH RS

1E 9 BRI BB F R, Va e i 00 MAERF KR 8 SETHSHAE ik
FSBM AR .

4)

M = (T _Err, — T Erty)At/a (5)
T _Err, . T_Erry 535 R 3G PE G — N0 55—~ D1 oo B i i 45 RO 88 1
WRIR2E. A T BAULA IR B A o) 25
4.4 IBEMHAPHEE
PR 9 SEHBITEEENZ D RS, Sl Va/e/i SERIEAR it
BRI o 00,308 0 BIES Q.
R on JM XA ] 7 TG S R AR or FIESE 5 M (AT I
wr = wn —aw * (A/2—1)
My =M, +net,—M-At/2—1t)]’
At Ry 7 U A I BE R B 8] 55 B A3 S 305 2 il (R B & B B sl 1], At 25 3R )
(2)=.

5 EHIRSH

5.1 #MAHE
K P B S A SR A R TR A AN 1GS SEPREuE BdE W3 2. BRUEdE Rk
EGM96 12X 12 B JdpfRy, 0 A 55 = R sh R, BRIE b E S sh A U A il 28 T2

(6)



292 X X % R 49 #

B LY 1GS RS BB R A 1GS 2003 - 07 - 16~2003 - 07 - 31 HyRFHHLIE.
TEGEH i B LA RS EERE , X MEO #1 GEO/IGSO T& 43 BIR A URE H A,
otre = ok +0.01741(% +o%)
otre = 0. 966k + 0. 04(s% + %) »
or~oron 55 B EURR R TR BAERR 1 Y F 2 iR 2.

xR2 ERNIEMNMBRPERS
Table 2 The initial states of the simulated satellites

Satellite Epoch time Initial kepler orbit elements /m /"
MEO1 2003-06-0112:00,00  27906992. 700 0. 001 55.0 329.50 0,00 0.0
MEQO2 2003-06-01 12,0000 27906992, 700 0,006 55,0 329,50 0,00 0,0
MEO3 2003-06-01 12;00,00 25906992, 700 0. 001 55,0 329.50 0,00 0.0
GEO1 2003-06-01 12,00,00 42164169, 637 0.0 0.0 80.0 0, 00 0,0
GEO2 2003-06-01 12,0000 42164169, 637 0.0 55,0  160.0 0,00 0.0
IGSO1 2003-06-01 12,0000  42164169.637 0.0 55.0 118.0  0.00 0.0
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Table 3 the compassion between the precision by normal and improved fitting
algorithm (in m)

catellite Nomel arihmdtic 8 paramf_:lers ir_nproved 8 param(?ters ir_nproved
arithmetic arithmetic
URE POS Error URE POS Error URE POS Error

MEO1* 3035.9 22755. 4 637. 6 4322.0 453.7 2752.7
MEO2* 3052, 1 22846. 3 641. 8 4323. 4 458. 2 2756.9
MEO3* 3586. 4 26505, 3 B593.7 3729. 8 461. 0 2539. 4
GEO1” 1711, 5 6572. 7 2812.5 11587, 2 2110. 8 7602. 6
GEO2" 1599.1 5902. 0 2792. 7 11244, 5 2177.5 7486. 1
1GSO1” 2772.9 12548. 7 2405, 3 10660, 2 2374. 3 10542, 5
GPS RN1 3097, 3 23121. 6 836, 6 5714. 6 407, 0 1808. 0
GPS RN2 3701, 9 27898. 3 1222, 2 8434. 2 481. 3 1934. 3
GPS RN3 3552. 9 26660, 5 1056. 8§ 6377. 6 708. 2 3494, 1
GPS RN4 331L. 3 24838.0 649. 4 4308.7 483. 1 2860. 6
GPS RNS 37114 27884. 3 1258. 9 8784, 4 717. 9 3715.0
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Research on Almanac Parameters Fitting
Algorithm for Navigation Satellites

CHEN Liu-cheng"* HU Xiao-gong® HAN Chun-hao' CHEN Jin-ping’
(1 The 61081 unit of PLA. BeiJing 100094 )
(2 Shanghai Astronomical Observatory. Chinese Academy of Sciences , shanghai 200030)

AssTrACT Based on the 1" order perturbation analytic solution theory of satel-
lite. the two improved almanac parameters fitting algorithm of navigation satellites and
their user calculation arithmetic, so called the “8 parameters” and the “9 parameters”

algorithm, are introduced in this article. For the “8 parameters” arithmetic, only with

“Week, T, Wa.e i oo M,”, less parameters than the normal algorithm are needed

to express the new almanac information. According the broadcasted new almanac pa-

rameter “Ja.e.i”, the user may calculate “0.w,” by the following formulas directly.

R

'—_i R_E _i e _i.-z-
= zjgpgﬂLOh!q w = 2]2}52”(2 5 sin z)_

And more, the user may get more precise satellite position by correcting the w, at any
epoch by wy = ws —an » (At/2 —1¢,) for MEO, ay = ws —ay *» (AL/2 — 1) /2 for IGSO/
GEOQ.

Based the “8 parameters” algorithm, the “9 parameters” algorithm is also different
from the normal parameters, with “Q” replaced by “ M ”. M can be calculated by M =
(T Err, — T _Erry)/At/a. T Err,, T _Err, are the fitting errors in transversal direction

at the last epoch and the first epoch respectively, At means the fitting time span in

seconds. The rest almanac parameters Week., To. wWa e i s M, can be fitted by the
former “8 parameters” algorithm. The user should correct the wx .M, , according w; M
at any epoch by
wr =awo—awn * (A/2—t)y, My, =My+n-t,—M- (At/2—1t).
With the two new algorithm, many almanac fitting examples on some simulated
satellite orbits or IGS GPS precise orbits are shown, which lead to the following conclu-
sion: Less parameters are needed to fitting the so called 8 parameters almanac, while,

the new algorithm can lead to higher accuracy for MEOs, quicker convergence through
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iterative calculation. The same is true for the so called 9 parameters almanac fitting
arithmetic, which can lead to much higher accuracy than any other almanac fitting algo-

rithm.

Key words Astrometryand Celestial Mechanics; Ephemerides, Methods: numerical
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