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|:Ji���l�O�[�/�1kjÆd�4ob|vW+`B���~G7�<�d|4*vW+`B� ——GALILEO B���$�/*��#�||B��|�Æd/*ivWB�d(�1�[HY|��#�4O��dÆLj/*i+`
MvWB��0B�db�gJ�*3OMy (Geostationary Earth Orbits, GEO) +`#�l�?Qy
(�
�pq!.�w[kW.9|\d�4�e�/*i|+`
((vWB� [1∼4] �J8`_Dpd+`vW	.|℄��=�J8`_	.Y+k�U+`(U|/6_��>Q<7&P�+_+|W	��'�_+WO|F�U�$My;pT�z+`|(U�� H/��!C��3
|��ydV(�!�<\ GPS `_	.�yd:�l�/6|er�dw|(�#?p>h�l�f?�z/6��$YWHx�d<HY|�#dj�q1�tDp (TK#J8`_Dp) �\�l
7+``_	.|gf<\K	/6�D�+`(U [5∼6] �J8`_d�/�`_|+wy?'+���M��R+w|(<!y?pM�_{x��|/�`jl/�`_&M|/�W1��7blW�Do[J8`_|Dpq1!F�
GPS [ GLONASS B�|J8`_Dp?!<�|	�� GPS J8`_DpB�My;p�};p|Q�-ns[b�|�_�-nDp� GLONASS J8`_Dp:B�+`7�EB|(Uy�[<4�eI��y�9℄�g?/�Lu�sd GPS J8`_|��
e�G�$ GLONASS |J8`_Dp�% GPS J8`_|�lz�L�
q [4] ��dM�Hq$� GPS J8`_Dp��$��|+`vWB��<�|+`vWB�7+``{q9D!~<�� GPS B�� 24 J+`tU�+`4�# 20182 km �($ 6 7My&�# 55◦ |My����My_�+ 12 h � GALILEO �(?7 3 7My�D| 30 JY�*My (Medium Earth Orbits, MEO) +`AU�{7My� 10 J+`�+`vWB�M?q�|+`M���My	�T/(�b�!�Y�*My

(MEO) +`�&Y�*��My (Inclined GeoSynchronous Orbits, IGSO) +`[�*3OMy (GEO) +`��Y MEO +`[ GPS +`|My	E(�Vw�� IGSO +`[ GEO +`�$?![ MEO +`<�|My	E�?L��� GPS J8`_Dp��/�9<�

C H�&.b�(<B� GPS J8`_DpW� MEO � IGSO � GEO +`|J8`_/���Y/�`_|/�<d℄��=�&.~N|J8`_/�#��_/��
2 GPS L:ba�m| 

GPS J8`_|�lz�7��|�KoDD!u� [5∼7] �7d'x
q%H�
GPS J8`_Dp! 16 7Dp�`j_+WO toe ��o�SF�U 6 Dp�+`My�Qa|�#; √

a �+`My�^s e �DHWO toe W|My&� i0 �DHWO toe W6n�Xm73x+`MyO��|j1� Ω0 �+���A ω �DHWO toe W|�+��
M0 ��}MyI� 9 Dp��+���y�|1Gp ∆n �O��Z1|-ns Ω̇ �My&�|-ns i̇ �O��A|G&F�[1GO|C- Cus �Cuc �My&�|G&F�[1GO|C- Cis � Cic ��^A|G&F�[1GO|C- Crs � Crc �



� 1 � t����Z5N,aK9a`0�)= 83��J8`_Dp�z+`(U|�^MD
.I [5∼7] �
3 �L:baFr~."

GPS J8`_Dpd�RpM�_#�{x|�H#�F|.I6'9℄L�|�_z���d!+��J8`_Dp|pM�_#�xL�|�u��I�t/�`_����t/�`_M��	��L|#�-!℄J8`_Dp�II#W#
r(tk) = r(X0, t0, tk), k = 1, 2, 3, · · · , n , (1)^Y r(tk) 0_ tk WO|(U���U 37(U(h�X0 0_p-|J8`_Dp�t0 #DH_+WO� (1) ^#&Ki#W�jKinf�o-!�

r(tk) = r(Xi,0, t0, tk) +

(

∂r(tk)

∂X0

)

Xi,0

× (X i+1,0 − Xi,0), k = 1, 2, 3, · · · , n,

y = r(tk) − r(X i,0, t0, tk), B =

(

∂r(tk)

∂X0

)

Xi,0

, x = (Xi+1,0 − Xi,0) ,

y = Bx .

(2)^Y� Xi+1,0 [ Xi,0 (30_� i + 1 [ i f�o-℄|pDDp�M�LU�
|if.j��o-!LRif�
|σi+1 − σi|

σi

< ε , (3)�℄ σ =

√

(y−Bx)T(y−Bx)
n−1 #�f�oRWY|��:L� ε M1# 0.01 ��o�z|Dp\MLU>E�F�U 6 Dp1#_+WO toe |�$My;p��& 97I�Dp1 0 �Dg^Y�B <D|�vp�z�/6�4}(3�!<^[L(#�-��vp�{℄j�S|�Q�!<^j��v(U[h�pDDp|�vp�f^/6��L(#�-!�vp?!f^
q�/�4|	��,$pM�z��f^#�

∂Y (x1, x2, x3, · · · , xn)

∂xk

=
Y (x1, x2, x3, · · · , xk + εk, · · · , xn) − Y (x1, x2, x3, · · · , xk, · · · , xn)

εk

. (4)j�e
|d�7L(�zW� εk |q1<
�l��<
�U��lwR℄Ki""��U:<
 H!W(p��%�$<�|Dp� εk �w<��J8`_Dp-!�*f�b�J8`_Dp�z8WO|+`(U��/�`_(��M�{℄J8`_|�_/��B%(UL| RMS [5Q(UL| RMS (3�# Prms �
Rrms �
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4 �*>℄�w&�(< MEO � IGSO [ GEO +`|J8`_�_/��0 1 #�z/�`_~�|My;p�\℄_+WO# 2003 � 8 4 5 <oW (UTC) �Hq|er�d!� 16×16 �f�*�eN�<4}�g`�e���,Jx[SAI��~ 1 �6���1"+$�3

a/m e i/(◦) Ω/(◦) ω/(◦) M/(◦)

MEO 27907000 0.0001 55 210.5 0.0 0.0

IGSO 42165000 0.0001 55 210.5 0.0 0.0

GEO 42165000 0.0001 0.02 210.5 0.0 0.0lh�z0��Q�/�`_p>sC[(�/�`_B�s�$J8`_|�_/��N<l�7fn�zY�4}rdB� 60 s B���$�_|/�`_j�Q��J8`_|�_/��Nbl�0 29℄j MEO +`�
IGSO +`[ GEO +`7<��_jQE|�_/��~ 2 ��4*���;����&*� � P rms

m

2 h 3 h 4 h 5 h 6 h 7 h 8 h 9 h 10 h

MEO 0.0114 0.0444 0.0663 0.3824 1.3487 2.7772 3.9062 4.4495 6.2840

IGSO F F 0.1366 0.3366 0.6209 0.8909 0.9862 1.0189 2.1276

GEO F F 0.1068 0.3409 0.8200 1.5574 2.3627 2.8371 2.8547f� F 2`�aS�
g0 2 M�G℄�}kjQ;� (2 h jQ�D) �J8`_|�_/�����d�#J8`_|I�DpQHqj+`~lI�|Q�O[b��_�O�}kj�;Q�%ht|���s|�_��N95�%�XI�Dp?i�g�vS�_/�|��� IGSO +`[ GEO +`7jQ��W (2 h [ 3 h) ��_R���b�d�#DpLF��z0���_jQ��W�MEO +`�_W|DpLFirdA$ IGSO [ GEO +`|(R�!W��$DpLF�!|�_R���F!zDp7pdMg|�sd����?Æ(R�7�E|(<�zY�4}rd7!z 15 7Dp|zaDv-u��_jQ�j�u�|d�0 2 9℄|�_/�6<?$�f
���#<�j�My	E6<�4L��=
Tu���1 2 h �_jQ�<�j�| 2 h jQ|�_/�6<�4���� MEO +`�0 3 9℄j<�j�| 2 h jQ|�_/��~ 3 ��4�
� MEO 6�*� �
m

Prms Rrms

0∼2 h 0.0114 0.0047

2∼4 h 0.0182 0.0045

4∼6 h 0.0066 0.0027

6∼8 h 0.0059 0.0028

8∼10 h 0.0137 0.0037

10∼12 h 0.0059 0.0028



� 1 � t����Z5N,aK9a`0�)= 85��$ IGSO [ GEO +`�� 2 h y? 3 h jQ�_J8`_�w℄H!z<if(R�!|2
iL��� 4 h jQ�_W�:z&M� H�_/�� IGSO[ GEO +` 24 h �<�j�|�_/�
0 4 �~ 4 ��4�
� IGSO 6�� GEO 6��*� �
m

IGSO -
 GEO -

Prms Rrms Prms Rrms

0∼4 h 0.1366 0.0411 0.1068 0.0171

4∼8 h 0.1153 0.0297 0.0786 0.0181

8∼12 h 0.0954 0.0242 0.1413 0.0331

12∼16 h 0.1350 0.0406 0.0411 0.0249

16∼20 h 0.2020 0.0605 0.0596 0.0103

20∼24 h 0.1804 0.0577 0.0406 0.0210G8��$ MEO +`� 2 h |�_jQrdM�jxX��|�_/����$ IGSO[ GEO +`� 4 h |�_jQd_f|��!z2
�(U|�_/�7 0.1 m v#�5Q(U:L7X�h��� 1 � 2 � 3 9℄j?!o0i| MEO +` 2 h � IGSO +` 4 h [
GEO +` 4 h |�_/��

� 1 MEO ,a 2 h �`0�

� 2 IGSO ,a 4h �`0�
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� 3 GEO (i = 0.02◦) ,a 4 h �`0��D(<6z!HqMy&� i �+$ 0 | GEO +`|J8`_�_/��
YD��$U&� GEO +`��$O��Z1 Ω [+���A ω DpLF�>Q<B1	mhT��|J8`_�_/��L��$lI��N� GEO +`|&�d}W	-n|�!M
\{��W	��|My&��+$ 0 �~�+kHqU&�(R|J8`_�_/���z0��uMy&�E�x 0.0001◦ W��5�G6�_�uMy&��+ 0 W�My;pd �|�O��Z1 Ω [+���A ω DpLF�#T` ��J8`_DpMq9��5 �Dp�sd#-h YJ8`_Dp|�Si�M�Hq�
q|#�T` ���℄4}q9y.og#��?Æw�d��y.B;��aog�
���{x\y.BE|/�`_ (�EB; Z atWBog GASTw + ωe(tk − toe) �{x\y.B| X ax#oga��Y GASTw #DH_+WO|6n�Xd`W� ωe #�*og�y�) �b�0/�`_-!J8Dp�6�z\y.BE|+`(U�uf�\y.BE|+`(Ugq#,y.BE|+`(U�My&� i = 0.0001◦ | GEO +`��$
(�|+`O��Z1 Ω -n�Q� Ω 7 2

h �|-nMRR 100◦ �%&Ki-n�vS Ω |�_/��L��NJ8`_|/���1Ry.gqKf7\y.BE|O��Z1 Ω :-n�p�og 5◦ f� 24 h � Ω |-n<RR 0.1◦ �#d4}(<jMy&� i = 0.0001◦ | GEO +`y.gq#f|J8`_�_/���Qm$0 5 �~ 5 ���.� i = 0.0001◦ � GEO 6�J}I�-��*� �
m>is (15 Gs) is (pi 5◦, 15 Gs)

Prms Rrms Prms Rrms

0∼4 h F F 0.1228 0.0329

4∼8 h F F 0.0700 0.0153

8∼12 h F F 0.0738 0.0212

12∼16 h F F 0.1120 0.0337

16∼20 h F F 0.0353 0.0077

20∼24 h F F 0.1078 0.0283



� 1 � t����Z5N,aK9a`0�)= 87�4}�Oh�y.og 1◦ [ 2◦ �gqf|�_/�[og 5◦ |(RVw�
5 �V�� &.b�(<jB� GPS J8`_DpW� MEO � IGSO [ GEO +`|J8`_�_/��	3�ujMy&��+$ 0 | GEO +`|J8`_�_/��69℄jL�|1(hT��R(<�M�{℄�E\��u�

(1) Q�/�`_p>sC[(�p>B�s�J8`_|�_/��N<l�
(2) �_j�Q���_/��N�l�}kjQ;� (4 h �_jQ�D) �/�����d�#J8`_|I�DpQHqj+`~lI�|Q�O[b��_�O�}kj�;Q�%ht|���s|�_��N95�%�XI�Dp?i�g�vS�_/����
(3) #j1{u��_/�6% Hz�2
�<�Vd+`|�_jQ!~<���$

MEO +`� 2 h |�_jQ (! 15 Dp) rM�jxX�h�|�_/����$ IGSO [My&��l| GEO +`� 4 h �_jQ (! 15 Dp) d_f|��(U�_/�7 0.1 mv#�5Q(U:LMjX�h��
(4) �$My&��+$ 0 | GEO +`��$;p�+ ��O��Z1 Ω [+���A ω DpLF�>Q<B1	mhT�J8`_�_/��L�# YJ8`_Dp|�Si�M�B�y.og#��4J8`_|�_/��B�d#�fJ8`_|B%(U�_/�1# 0.1 m �5Q(U:L#X���F?�3[DS�.�65y7.[l\Zy7.�&.=x|�
��#8<�
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Precision Analysis of Broadcast Ephemeris for Medium

and High Orbit Satellites

HUANG Yong1,2, HU Xiao-gong1, WANG Xiao-ya1, HUANG Cheng1, GENG Yu-guang3

(1.Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Graduate

School of the Chinese Academy of Sciences, Beijing 100039, China; 3. Bureau of Land and Resources of

Huangyan District, Taizhou, Zhejiang Province, Taizhou 318020, China)

Abstract: The broadcast ephemeris parameters for GPS may be used in other satellite navigation

system. Usually a satellite navigation system includes different kinds of satellites, for example,

MEO (Medium Earth Orbits) satellites, IGSO (Inclined GeoSynchronous Orbits) satellites and

GEO (Geostationary Earth Orbits) satellites. This paper studies the accuracy of broadcast

ephemeris for above different kinds of satellite orbits using the broadcast ephemeris parameters

for GPS, and especially analyses the accuracy of broadcast ephemeris for GEO satellites with

near-zero-inclination. For MEO satellites, the fitting accuracy for 2 hours fitting arc can reach

cm magnitude. For IGSO satellites and GEO satellites with not near-zero-inclination, the fitting

accuracy for 4 hours fitting arc can reach 0.1 m, and the radial position error is cm magnitude.

For GEO satellites with near-zero-inclination, the fitting accuracy is not good enough because

of the correlation of parameters. A method of coordinate transformation is adopted to avoid

correlation and to improve the fitting accuracy. Using this method for GEO satellites with near-

zero-inclination, the fitting accuracy for 4 hours fitting arc can reach 0.1 m, and the radial position

error is cm magnitude.

Key words: astrometry; Satellite Navigation System (SNS); broad cast ephemeris; MEO

(Medium Earth Orbits); IGSO (Inclined GeoSynchronous Orbits); GEO (Geostationary Earth

Orbits)


