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�<b GPS |Zr�o�v}h?"6V8�ZY�
1#h%o.�W2�`�u2��|�jYz�s�E|* [1] �
ρ

′

(t) = ρ(t) + c∆tR(t) − c∆ts(t) . (1)��� ρ
′ WZYO�
� ρ W`�u2��|�jYz� ∆tR W2���E� ∆ts W`��E� t WO��O|�f�t�!J6wL|�Uz�hG�z�E�u�e�ZY�

hG��^Yz�

�`�	TR%vW�Yy#!U|	T��lZ%\�!J6wL|�U�r�2��J�2�Æ	dGs`�|ZY!U�yhGH℄�~!|J�fE-�_�E�H℄)E"�L�\�E���s GPS �B|	THMR��UJ�fE-��v�_�E���U)E+�L+8-�E<!|�tsbwLC?|4�Zrz�lwL4z|ZL�\AdC?`���t4d`��%To��m�+>�odsb`��%	T���k�H℄J�fE-���_ZY!U�|`��Eh2���E�lZ�ZY!U>�f!|Ag�!E-����!�f|ZY�&�.		>�fIJ|�E#&��r�t���!!<9|�E|:F*vjg���lZ�T �~|2���:Ui4�?FF�,/�:Us�E-b{m�`|�E
�l��r��f!E-�?FN^Tw|E-�u�N	T|�jU��Ke-� [2] �	TG��2�l: [3] �$dH℄bD`��Eh2���E|=(�1z�hO�1��q_`��Eh2���E|Q��Gev?:odsb`�|	TG��

2 �!G|$d:UA"�|b{�E|"���tbD`��Eh2���E=(|�as��N*���%o|1#�1�UO�1�k�L��E|1#<!�oE�"E-qh&��+./��""�2~~+-�	T|�jU��h�?:	TG��WÆ*��E|%o1#�i'/�.x GPS | PRN02 G�5~ ALGO |O�1���U IGS H4|�E;+8Z��N 2002 ���k 124.5—125.5D!|�E�%-q�`��Eh2���E/�!*vZrlN 1 2��h�hGa\4'\it/~|�(*v�i'L�UAg�	��N�%=k�1-qN=km|>EZr�=km|>E-4lN 22��h�hGa\�JAg�	�=km|>EÆ&0��t 3m G9�Zeh'�`��Eh2���Ek�ÆhG.�RAg�	�|$��
δt = a0 + a1(t − t0e) . (2)N�� t0e W<b�f� t WO��O|�f�k� a0 W�E� a1 W�)��^ GPS �B| PRN02 `�� a0 h a1 -0W −58 104.34 m � −157.71 m/d ��^5~ ALGO � a0 h
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a1 -0W 558.45 m � 6.765 m/d �lZ+� (2) mn� (1) �y� (1) RW
ρ

′

(t) = ρ(t) + a
′

0 + a
′

1(t − t0e) . (3)N�� a
′

0 h a
′

1 �O^`��Ea2���Eh�)|rE�2J|`�h2��|;k�O^2J| a
′

0 h a
′

1 �� (3) ./�t�(�E1#z�ZY�
1#��^l�(*vCE|�Y1#�+NCE (bias) �CEEE (drift) t	T��GL��yhGtlkT�s�_�E�J��ÆÆ	T|�jU��$dR��^�"�_�E|"��UZYO�1��odsb`��%	T|�
3 �#W|Æ��$�
3.1 �`
/Æ-�P�Æ-2y9K' tU GPS !U�%	T|"���i':UÆ�/1#��
1#�<bw�

1) �/1# [4]Z^ GPS `�Twz�,:j	R�H��hG2b�kS:�h�℄!�1x3��_+�℄�W℄B|��L�P�b�|N3�/K(�t�
(1) JGM-3 L�K1#�` 10×10 4�
(2) N Bw�7<�o|w�
(3) �� w�
(4) Qvw ( MBQ�^Qw) �
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(5) 7<1x3w (M	,�&�R3w!nL) �
(6) GPS `� Y �CE�
2) �
1#Z^FJ>Æ LC ;k�_Æ�zCQ��2sb��zC8�b�|N3K(�t�
(1) ��C�x8�:U NMF Rxa!�
(2) MBQLQ|5~^E�
(3) SQQv	�5~|Q��
(4) �℄6.$*�5~|Q��
(5) �~C�8�`��^��8�
(6) �� LQ|�E�
3) <bw
(1) J2000.0 HWw (x − y H,) hHd-� (x ("�) �
(2) IAU 76 1E�
(3) IAU 1980 �1#�IERS �8�
(4) DE 403/LE403%��.�
(5) �℄<b�W ITRF 2000 �

3.2 �℄o�}2y℄o�a�k$dt�+�	U|s^Dd5G)	To) SHORDE ��t&Xzjq'k/G)	To) UTOPIA |�as�{|�6o):U�/	T"��Js^Dd5|�A6`��hGb{�"y#|O�1���t
R�Y� USB �Y�)� DORIS � PRARE ��/�`��:��"��!U�Z^ GPS |�!wL� GPS �!��	T�n|O�
G��\|TwW UTC �!wL�2Gx+>�%�!wL|LA�t:U|!U�9 (2003�), GPS �!a UTC \ 13 s�E�� tGPS = tUTC + 13 s �WÆJL$d)E-+�zu|Tw|G��i'.` IGS(International GPS Service for

Geodynamics) ?F|G)��?W<b,/� IGS ��G�W cm ��&0Tw��+<bTwh;+|Tw.yu RTN(M��8	���) A,wz�%&0�L�N?>"�sE�|\"��
4 GPS q!�V:\$d�+�i'.`iX�	S$CT|8-�� GPS !U�.`|5~W�!E�0<�\��uq�j�5P�j��F'�I� 7 >X95~��+�.`|O�q�W 3 d, UTC 2003� 7 o 15 k 23:59:47.0—7o 18 k 23:59:47.0 �!U:=!<W 30 s �5�:�/W 10◦ �h GPS �B�/�.x GPS 02 `��%	TG�-q�
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2 �3 d |	T8Z�;+<!�tZ
�f|^��)��7<1x3w!�G�?>5~�YCE (bias) �CEEE (drift) �Z^ GPS `�${38o�h�o�z�|iK�GPS`�r%�~t�MA,w| Y ("�I~A>5�w� Y �CE [4] �2G;+|<!x�tA> Y �CE� M 1 �N�nQvT[^p�rQB2�P� /d σR/m σT/m σN/m

1 99.05 283.60 135.33

2 2.87 19.97 46.36

3 2.82 17.20 40.65�� σR � σT � σN -0W	T8ZtM��8	���oE|\"� (rms) �No^\W m �h. 1 �hGa\�lZUADO�1�v	T� σR � σT � σN -0ju 99.05 �
283.6 �135.3 m �U	DO�1�hUrDO�1�	T�t?>"�s|E0Æ2k�r�UrD|O�1�	T|G�tM��8	���s\d^U	DO�1�|	T8Z�-0ju 2.82, 17.20, 40.65 m �Ke�tGz|	T�+�i'.U|	TqO\W 3 D���Zrzzu|`�Z
Twh<&0E�WÆ$9$d)E-+�|h	(�i'U0E|Z
Tw�%	T�9�tG)��|�as�z� 1 H�|^�oEh 0.5 m/s |)�oE�. 2 �\ÆG)ZTh0E|ZT|	T8Z�8Z./�0E|ZT2~-�$d)E-+�e	odsb`�Tw|G��M 2 �N�Up[^p�r[WpH σR/m σT/m σN/m

1 m, 1 mm/s 2.82 17.20 40.65

1 km, 0.5 m/s 2.78 17.08 40.30WÆ-q$d)E-+�e	odsb`�Tw|	TG��i't\rDO�1�;+|Twa IGS G)��tM��V�G���r>"�|&08ZN ('N 3) �hN 3 �hGa\���^ IGS G)���:U$d)E-+�zu|Tw�
(1) tM�)>.�WTw%L(|oE� σR M�oE| rms W 2.82 m �r�M�oE|H\�2W��W −0.736 m ���&/tM�\A>wLCE�Z6-q6wLCE|I~�Z^i'zu|�Ea IGS �E2A��Z^�EaTwM�|L��N�s�TwM�.�WwLCE�
(2) t���)>.�WTw%L(|oE�r�lk� σN W 40.65 m �a σR �&�

σN |H\�l��W 1.2 m �Z6-q./�Tw��|oE0k|iKh<�Z^i'	T|�TS��tiXk��_��O|�Tq��49Æ`�q�|l�A8-�=0�
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k�?F0U|n �s���|oE0k�

O 3 �<,}Uxb IGS H* �uN�WH�t}'19[
(3) t8	"�s_Æ.�WTw%L(|oEP�x\A>/~|�(8-�h<�Z^`��uA>℄#1�|8	�)�|Q���h<�`�Tw8	"�2h	����Z^_eS	T|S�(LQ|�WÆ$9��|0koE�Z^�~|-4ZrLQ|�i'U℄S|8-O�1��%	T�9�.`|XP �~\ ALGO � COCO � KIT3 � MDO1 � NRC1 �

NAW1 � SUTM � CROX � FAIX �MSKU �. 3 �\Æz�XP �~a�UX9S|	T8Z&0� M 3 �N�Qp"^p�rI~B�05 σR/m σT/m σN/mY;T 2.82 17.20 40.65d^T 2.95 7.87 15.50Zeh'�z�ÆXP �~|!UGm�hGkk-���h8	"�|oE�WÆ&�Tw%L(|oE�i'L�U RTN J9�)�vt�%L(|oE�r�Z2K{��h+6J9�)�.�W�
ai = Ai cos(ω + f + φi), i = R, T, N (4)�� A W
2 (m·s−2 �nL) � ω W`�|C��./� f W`�|�C�/� φ W�^

(nL) �R WM�� T W8	"��N WTw���i'b�L+J9�)�|2J"��;+|Twa IGS G)��|&0l. 4 2��



� 198 �������E�e�0�A�|������� 26 [�M 4 �l��0z�b[^p�rK;�*�%Æ σR/m σT/m σN/mm 2.82 17.20 40.65

R %Æ 2.86 16.43 41.25

T %Æ 3.63 27.88 43.26

N %Æ 2.74 16.34 41.02

R+T %Æ 3.21 33.02 44.77

R+N %Æ 2.77 17.61 41.55

T+N %Æ 3.64 28.70 43.40h. 4 hGa\�L+ T "�� R+T "�� T+N "�J9�)�	z?>"�|oEÆz��L+ R "�J9�)��	z σR h σN \v-z�� σT \v-&v�L+ N "�J9�)��	z σR h σT \v-&v� σN \v-z��L+ R+N "�J9�)��	z σNh σT \v-z�� σR \v-&v��R�&L+ RTN J9�)�2</~?:$d)E-+�e	odsb`�Tw|G��Ke�i'tGm|�+�Æ2L+ RTN J9�)��WÆA�X-lO�J�$d)E-+��odsb`�|��	T%H�i'�U GPS�B|�>`�|O�!U�%	T�+�.xJ PRN02`�A=|q��;+�J|<!�8Zl. 5 2�� M 5 ���#+[��pY4 IGS �+	{[I~
PRN σR/m σT/m σN/m

02 2.82 17.20 40.65

04 1.84 9.41 11.91

05 1.24 10.12 16.07

06 5.56 29.31 28.44

08 2.04 6.29 9.62

09 6.83 25.69 32.21

13 1.09 5.17 9.02

14 1.56 11.72 8.18

15 3.71 30.64 30.52

16 5.14 18.97 25.95

18 1.62 8.80 24.75

20 5.73 34.33 16.17

21 3.53 24.47 11.12

23 2.78 19.41 15.06

25 5.97 38.14 19.46

26 4.55 23.31 22.77

27 1.35 6.71 13.94

28 2.67 11.90 3.91

29 3.80 13.42 18.24I℄� 3.36 18.16 18.84
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peta }Ux 199�h. 5hGa\�$d)E-+�;+N3`�|Twa IGS ?F|G)���&�t σR=k�W 6.83 m |�� 9 d`��=��W 1.24 m �� 5 d`��H\� 3.36 m �t σT =k�W 38.14 m |�� 20 d`��=��W 5.17 m |�� 13 d`��H\� 18.16 m � σN=k�W 40.65 m |�� 2 d`��=��W 3.91 m |�� 28 d`��H\� 18.84 m �A�y|oE-q./�\�. 5 2�|2J`�|o�	TG�2A�|iK\�?`���^�TS|n!-4��T!U�O|�Tq��G�`�|:�/|EJ�	T8Z0E|`�A��O^0�|�Tq�h0�|:�/�.g$dF��(kS6V?Æ*�r��:�/|`��>`|oE~Ak�s�N	TG�|-��
5 �3?'�#W/ssb`�${|�eZi4�?FF�,/�lZ�T �~|2���:Ui4�?FF�,/�N�E|)�(%W+d^A�| GPS 2���2G\(>1=X\h	�E|ZYO�!U�`�sbwLhF.U|`�hG�NTw=�v_-�)>\��℄L�Tw (GEO)`��Y��℄J6Tw (IGSO) `�h��℄Tw (MEO) `���℄L�Tw`� 24 h L�tS	|Ww^�sn�?F$_esb3n�`��U�:�Y��℄J6Tw�`�|TwY/W 55◦∼63.43◦ | 24 h �℄J6Tw��2_|k
 8 �8$Tw���^^Ww4z	|J�s�:�a�℄L�Tw`��J�`��z� 24 h T	t$3n_98!v}r���A"�U��0:|_e�B���℄Tw�A"%LW 12 h �Y/W 55◦∼63.43◦|Tw��J℄ GPS h GLONASS wLREr%Æ/(<X�|℄�BTw�i'1= 2006� 5 o 7 � 8 � 9 krD|X9 7 >O�~| IGSO `�h MEO `�|ZYO�!U��� 2.16|?"1#�+`��?>5~|Yz�tYz�as�sZH�
(2) JR| 7 >2J|�E�$RZY�

�b�u�
oEG�>`|�E|Q��t1=|ZY�

��n 5 m |/�v}�Ge?WO�!U�i'��sA6: |	T"�� IGSO `�h MEO `��%	T�;+|Twh1=Tw|&0l. 6 2��M 6 �����^p�rb" σR/m σT/m σN/m

IGSO 0.055 0.348 0.441

MEO 0.077 0.393 0.109��h. 6 hGa\�U1=!U� IGSO h MEO`�	T�;+|Twa1=|Tw|E0�t R "�s| rms \�^ 10 cm �t T "�h N "�s| rms \�^ 50 cm ���&/lZ`��h2���A�h	�	U$d)E-"�;+|Tw|G�~A:�
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6 �<"�:�^ GPS �B| PRN02 ���f!E-+� [3] h$d|)E-+�zu|	T8Za
IGS G)��!|&08Zl. 7 2��M 7 �	5{Rh�ufRh�[^p�rI~�W% σR/m σT/m σN/m+H0 2.83 17.18 40.71�h#H0 [3] 8.36 154.90 63.52	T8Z~��$d|)E-+�;+|`�^�h)��!|�N(kkp^�f!E-+�|8Z�t�f!E-+�|�Nw!T��k^ 0.8 |�Nw!\ 4 >��$d|)E-+��\ 1 >���&/��f!E-+��?FN^Tw|E-�u�N	T|�jU���	TG�2:�9s2��hGz\GzZ68 �

(1) `��Eh2���E\itA>/~|�(	��Xta_�A�(	m�Z�E|)�(s�|>`8-t 3 m G9�lZi'+�E|)>8-?W�,~|�YCE
(bias) �CEEE (drift) �1�4'aTwAQ�%L+�LUhGtlkT�s�_�E|Q��

(2) �� GPS !U�+./�:UL�?>5~�YCE (bias) �CEEE (drift) |)E-"�e	odsb`�Tw�h%|��U 3 DO�1�	T8Z>d^U 1 D�� 2DO�1�	T8Z�	U0E|Z
Tw2~-�;+Tw|G��L+ RTN J9�)�2</~?:;+Tw|G���UX9|O�5~ 3 D|O�1��odsb`��%	T�NM�G�X^ 4 m �
(3) 1=&�!U�+./�lZ`��h2���A�h	�:UL�?>5~�YCE (bias) �CEEE (drift) |)E-"�e	odsb`�Tw|G�~A:��^ IGSOh MEO `�|	TG��N σR \�^ 10 cm � σT h σN \�^ 50 cm �Z^�E12<QUAg�	�|$�.��N>`8-|2�j2C 3 m �	zU�� GPS !U	T|G�2�l:�ljA�\���_�E|Q�G?:odsb`�|	TG���z�A6|n4O�O�%(�

[1] &�D�I7_� GPS b"B�k}dPW�"F�B�^�y� 1989

[2] zT�H�Cg9q,'R~Wy�-5P�u_��Yg2mu_Gg6� 2006

[3] -EN�p�D�zT�,'RBp2 � 2007, 25(4): 17

[4] ~���iwb"I+�W�"F�=(_^�y� 1995
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Orbit Determination for Single Navigation Satellite Using

Non-Difference Method

LEI Hui1,2,3, HU Xiao-gong1, HUANG Cheng1

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

School of the Chinese Academy of Sciences, Beijing 100049, China; 3. National Time Service Center, Chinese

Academy of Sciences, Shaanxi 710600, China)

Abstract: In some situation of navigation system, such as there is only one satellite in early

stages or some satellite was carried out orbit control or maneuver, we need determine the orbit of

single navigation satellite. Temporarily single difference or double difference in common use can’t

build up to eliminates the clock error of satellite or receiver, it is necessary develop new strategy

of orbit determination and analyses of precision. This paper discussed the orbit determination for

single navigation satellite independent of time synchronization, taking the GPS navigation system

as background. First, the clock error of satellite and receiver are analyzed; there is an obvious

linear item in them and the residuals is less than 3 meters when such item is removed. This paper

perform orbit determination using pseudo-range data, the pseudo-range is equal to range if the

main part of clock error seemed as range bias and bias drift. Together with orbit determination,

the range bias and bias drift are estimated. To verify the feasibility and accuracy of this strategy,

we perform orbit determination using real GPS data. It indicates that the precision in radial of

this orbit determination scheme is better than 4 m. The stability of the clock error would be

better, considering the frequency standard of the signal and the receivers for orbit determination

is provided by atomic clock. We perform orbit determination using simulation data; it indicates

that better precision can be expected using this orbit determination strategy.

Key words: astrometry; non-difference; navigation satellite; orbit determination (OD); range

bias


