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 MeP�r�gQ�0SI>O}X+�X� 81�.hÆ�J�P�R,CU6e�/.S�RHJ'[d�/qW)-}��~A�/vOx(uD!��#�j.Sy���j.S�+�n�IO(�du��nA\[^J:RV[RHI�xtx4 (fx�4w) �/n:{7�5l$�[��AA4w�5WOn���
2 GPS TJ?P
2.1 �n~P;_iE`dy� GPS �/RH0?��X[�C�(�~� GPS RHn|WW�U��1 �!�0 1 �0 2 aU_ GPS RH=NU��� GPS RH=N[�U&�A�DU/R=NnM1(j [1,2] ��/R�C����s_�dAb'4w^^yv�`RHqW�/}��h�/}���n URE([^A-
D�User range Error)y^U�h4wB�n��O�)�0 2 _an GPS RH���/A5(tq�>WUIn�uU�"6�Dji�n�E4�
D:{8^ [1] �RH�n�D=Nu�H92
��e:n�D
D%d 2 µm ��tqTU&n�D��n URE <�
D%d 135 m(1σ) �6 1 GPS o�8� [1]� Q S t �Q S t

ID �1q PRN T��xz 1∼31
√

A FlL �q��7
Health �1}7"F�<℄� 8<℄ Ω0 Toa Y��{q1�{!�
e Fl�-g ω �v{�
Week �Q (0∼1 024) M0 ��{�
Toa UKqh$5x af0 �15�&��Q (�F)

δi Fl�� (�f 0.3π q.a^) af1 �15�&��Q (�V)

Ω̇ 1�{!�.ag6 2 GPS o�jF [1]L	�	 UK1U URE/m�J�	 900��H|�	 900∼3 600L�H|�	 3 600∼300 000

2.2 �n~�kB$z
GPS tpAÆ�tmZ�$RHN(��"_b�/RH Toa M���7rdZ;RHN(f�/|6!�/*-n�/RH�n Toa =N�tpAÆ�t
(m 6 l�$MZRHN(�$xRH��~[4w���s�7t�$�fM�%d 3.5 l [1] �
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( 60 ln4wB�z��d GPS Block II U IIA 2�/�;[RHN(b%.�wM.Uw�.u&XvOZ!2C5 6 l�w%.u2gn4wzC5��/C5w%.RHn7tR;4w�0d31�/z℄"℄N(n{Y�h�/�54wB�y 6 l�X�_b~%.RHN(�Agd 6 lnN(|Wn��d IIR/IIR-M/IIF �/�AÆ�tmZ&XnÆ.RH=Nb'4w
(y 60 l [1] �
3 GPS TJY�
3.1 �tY�G

GPS RH=NApKN�|W��min�+j��y�u;4���lbRr���
[3] yteU_M�/R|W���(�+Æ#� (y_�!��n*�W��(�vNYRH|W��y�HW�) �Q��/Dj�:R[w	�Dn����URH=N�

r(tk) = r(X̄0, t0, tk), k = 1, 2, 3, · · · , n. (1)>� r(tk) 0? tk 4=n�/}��!O 3 1}�!\� t0 y=8Rm4=� X̄0 0?b�nRH=N�> (1) y��7�Q�9�7`Z}`���
r(tk) = r(X̄i/0, t0, tk) +

(

∂r(tk)

∂X̄0

)

X̄i/0

× (X̄i+1/0 − X̄i/0), k = 1, 2, 3, · · · , n;

yi = r(tk) − r(X̄i/0, t0, tk), Bi =

(

∂r(tk)

∂X̄0

)

X̄i/0

, xi = (X̄i+1/0 − X̄i/0);

y = Bx.&>�� X̄i+1/0 U X̄i/0 !20?w i + 1 U i Z}`�UnRH=N�:R,�M�nFZ/#�}`���
k-�
|σi+1 − σi|

σi
< ε.~Q� σ =

√

(y − Bx)T (y − Bx)

m − 1
yMZ}`KQ�ntq�
D� ε :�y 0.01 �}`qWn=NS�,�y�4�J 6 =N�yRm4= toa nn�Dj5N��g 1 1*�=N Ω̇ � 0 �

3.2 ��\�GV[RHqW�/}�nW�hV[/RqW�/}�W�g(�r [1,2] �µ � Ω̇e !2y�t�Unt� GM �Ut�) U�H\�
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A = (

√
A), n =

√

µ

A3
, tk = t − toa + (CurWeek − Week) × 604 800.0 ;

Mk = M0 + ntk, Mk = Ek − e sinEk, νk = tan−1

{√
1 − e2 sinEk/(1 − e cosEk)

(cos Ek − e)(1 − e cosEk)

}

;

ik = 0.3π + δi, Φk = νk + ω, rk = A(1 − e cosEk), x
′

k = rk cosΦk ; (2)

y
′

k = rk sin Φk, Ωk = Ω0 + (Ω̇ − Ω̇e)tk − Ω̇etoa ;

xk = x
′

k cosΩk − y
′

k cos ik sinΩk, yk = x
′

k sinΩk + y
′

k cos ik cosΩk, zk = y′

k sin ik .> (2) � CurWeek � t yR��q0?ne�4w��g=NTU={0 1 �
4 �,�pTJY�
4.1 �LeBtY�G*��;[_bRm a � e � i 5Nn�1�2y0�nRH=N a � e � i n��3�`> (3) min Ω1 �	&4RH��Xn=N Ω̇ ��g 3 1RH=NV[�H|WW�|W�

Ω1 = −3

2
J2

R2
e

p2
n cos i , ω1 =

3

2
J2

R2
e

p2
n

(

2 − 5

2
sin2 i

)

;

(3)

M1 =
3

2
J2

R2
e

p2
n

(

2 − 3

2
sin2 i

)

√

1 − e2 , n =
√

GM/a3 , p = a(1 − e2) .

4.2 �LeB�\�G[^;[*RHqW�/}��g(r> (2) �dA9I�7rRm8��ty� ωk �� MEO �/� ωk = ω0 − ω1 · (∆t/2 − tk);

(4)� GEO � IGSO �/� ωk = ω0 − ω1 · (∆t/2 − tk)/2.>�� ∆t yRH|W℄�n4wB��RH=N=84w�|W℄�4<4w� Ω̇ � ω1 �	O(;> (3) URH=N a � e � i qW�
5 �YXk#�
5.1 �tYT�;[nDj!Gu|n�/Dj�/DjU IGS 7tDjN(�u|N(y;[ EGM96

12×12 
�YGu2�"�sw%j*�u2��4B?*�u2/O3L�/Dj�7tDjN(y IGS 2003-07-16—2003-07-31e:n�nDj�
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σ2

URE = σ2
R + 0.017 41(σ2

T + σ2
N) .� GEO/IGSO �/�;[n URE qW;>y

σ2
URE = 0.96σ2

R + 0.04(σ2
T + σ2

N) .

σR � σT � σN !2y`RH=NqWn�/}�u#$��$��$n}�
D�6 3 �ru
�C<|UA%��1M3 �=5x T=5�KFl7Q
/m /(◦) /(◦) /(◦) /(◦) /(◦)

MEO1 2003-06-01 12:00:00 27 906 992.700 0.001 55.0 329.50 0.00 0.0

MEO2 2003-06-01 12:00:00 27 906 992.700 0.006 55.0 329.50 0.00 0.0

MEO3 2003-06-01 12:00:00 25 906 992.700 0.001 55.0 329.50 0.00 0.0

GEO1 2003-06-01 12:00:00 42 164 169.637 0.0 0.0 80.0 0.00 0.0

GEO2 2003-06-01 12:00:00 42 164 169.637 0.0 55.0 160.0 0.00 0.0

IGSO1 2003-06-01 12:00:00 42 164 169.637 0.0 55.0 118.0 0.00 0.0

5.2 �tYV;[ 5.1 �_M 14 lnu|DjU7tDj2ypDj�V[�HW�U*�W�!2|WRH=N�3V[RH=N�WDj�tqpDjh�WDju 14 l�n�1}�
DU URE 
D� 6 4 �!:�H�Mf�HuZ
�o�jF3b
mFlQ* �1 �JZ� -�Z��2 URE �2~�F �2 URE �2~�F

MEO1 3 035.9 22 755.4 637.6 4 322.0w~qMEO MEO2 3 052.1 22 846.3 641.8 4 323.4�1Fl MEO3 3 586.4 26 905.3 593.7 3 729.8w~ GEO GEO1 1 711.5 6 572.7 2 812.5 11 587.2�1Fl GEO2 1 599.1 5 902.0 2 792.7 11 244.5w~ IGSO�1Fl IGSO1 2 772.9 12 548.7 2 405.3 10 660.2

GPS RN1 3 097.3 23 121.6 836.6 5 714.6

GPS RN2 3 701.9 27 898.3 1 222.2 8 434.2

GPS RN3 3 552.9 26 660.5 1 056.8 6 377.6

IGS 9uq GPS RN4 3 311.3 24 838.0 649.4 4 309.7

GPS�1F GPS RN5 3 711.4 27 884.3 1 298.9 8 784.4l GPS RN6 3 427.3 25 742.5 691.5 4 463.5

GPS RN7 3 466.7 26 016.2 812.5 4 672.1

GPS RN8 3 508.4 26 314.0 510.7 2 516.2
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5.3 �J���� GPS RH1Myn!:��RH0?�g(&AM��j�gn|W����b0�y Ω nM
-`\{'|W�uM
*�Y2[���/Dj5N a � e � i lbK	-`" [4] ��g%1Dj5NbM
K	-`\ ({;> (3)) �GPS RH|W���37{|W ω1 � M1 "� Ω̇ {9!�F�Z!� ω1 � M1 -`nU�h n �m a−3/2 O�)�_Ru�`Dj=N�rn�E��Dj/��sn�/ ω1 � M1 -`\^�wOn
D)�^�rO�`;> (3) :��u�`Dj5N�rn�E���,f�^n�/� ω1 � M1-`\^�RH|W
D�^�*���R 8 1=N|W MEO �/RH���^d 9 1=Nn�H|W����nVudgd 3.1W�n�H|W����7`���fN4_[nn�Dj5N
D�^wOn��;[*�W��	�x(RH=N�5&��:R~���Æu)�#�n�wz�_R{R�(n=Nem�/nRH|W���*���[d/Dj�/RH|W4�[h_t��YG J22 "*�&0y�I*�"_wOnZ!�wO_*�W�|W GEO�/f IGSO �/RH��h�HW��ef}b_��n�E�dA{=k-fP[^�dRH��nI���HRH|W��|W GEO �/Dj4�`dY4Dj5N��7y��RH=N�wn|U2[r��_R{em�/n|W���
6 �,���;[�HRH|W��|W MEO fP�/RH�|Wn���I`�/Dj(-dy0��;[*�W��?�x(/R=N�:Re/RH|W���z(qW\�e/FZU��|W 14l�/DjnRH}���uo3;Q�h}���n URE uo;Qn\n�;[*�RH|W��U[^W��RH|Wn}�
Du;Qn�h}���n URE r 1 ;Q�^d�HRH|W���(*�W�rGB[d GEO � IGSO fP�/nRH|W�`d*�W��9I=N 8 10?�/RH.��:Rr�/fP�t#Gnp.&p� �"��u(�nvOKQ��mi_&Ml�a\%9�$on�f�uY0?..n)T�7l���
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The Improved Method on the Almanac Parameters Fitting of

Navigation Satellites

CHEN Liu-cheng 1,2, TANG bo 1, LIANG Hong-mei 1

(1. The 61081 unit of PLA, Beijing 100094, China; 2. Shanghai Astronomical Observatory, Chinese Academy of

Sciences, Shanghai 20030, China)

Abstract: Based on the 1st order perturbation analytic solution theory, the improved almanac

parameters fitting method of navigation satellites and its user calculation algorithm are introduced

in this article. Compared with the normal GPS almanac, less parameters, only eight, as“Week,

Toa, a, e, i, Ω0, ω0, M0”, are needed to express the new almanac information. According to the

broadcasting almanac parameters a, e, i, the user can calculate Ω̇ , ω1 by formulas directly. The

user of the new almanac will get more precise satellite position by correcting the ωk at any epoch.

Using the new method, almanac fitting examples on simulated satellite orbits and IGS GPS

precise orbits are shown. The new method can obtain higher accuracy orbits for MEOs, with less

parameters and quicker convergence through iterative calculation. It is the same with high orbit

satellite GEO/IGSO.

Key words: astrometry; satelite navigation; Almanac; URE
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