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Abstract Because of its dynamical features, orbit parameters of the Geostationary satellite (GEO)

are strongly correlated with clock offset parameters in Precise Orbit Determination (POD) when using

the L-band pseudorange data. In order to solve this problem, clock offsets of the satellite clock as

well as the receiver clock are introduced, which are obtained by unattached observation technology.

Therefore, the pseudorange data could be converted to ranging data. This paper discussed the GEO

POD principle based on pseudorange data with the support of clock offsets, and analyzed the POD

accuracy using simulation data from China regional tracking network. Influences from the clock
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offsets a2 item and errors of the satellite clock offset, stations’ clock offsets and systematic errors

were analyzed both theoretically and quantitatively.

Key words Satellite navigation, Precise orbit determination, Time offset,

Time transfer, Pseudorange
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Table 1 Information of pseudorange

tracking stations

�R �\ a0/m a1/(s·s−1) a2/(s·s−2) ��PP/m

1021 ÆR 0 0 0 0.2

1041 SQ 200 1.3 × 10−11 1.3 × 10−18 0.2

1061 SR 300 1.4 × 10−11 1.4 × 10−18 0.2

1071 TU 400 1.5 × 10−11 1.5 × 10−18 0.2

1091 SSTU 500 1.2 × 10−10 1.2 × 10−17 0.2
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Table 2 Influences of the clock offset errors on the POD precision

ae f	g� ����/m �
c
/ns

ae A-1
R = 0.005, T = 0.027

0

��h��fdbeg�� N = 0.052, Pos = 0.059

ae A-2 gci	
f�d���� R = 0.673, T = 7.100
2

��
g� (a0, a1, a2)
N = 1.043, Pos = 7.208

ae A-3
R = 1.113, T = 11.561

N = 1.740, Pos = 11.744
3

��h��fdbeg��

ae A-4
gci	
f�d���� R = 0.041, T = 13.695

3��
g� (a0, a1, a2), ��
N = 0.462, Pos = 13.703�
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Table 3 Influences of the clock offset estimating strategy on the POD precision

ae 	�kf ����/m ��l
/m

ae B-1
gci	�f���� R = 0.005, T = 0.027

��
g� a0, a1, a2 N = 0.052, Pos = 0.059
0.196

ae B-2
gci	�f���� R = 8.280, T = 22.077

��
g� a0, a1 N = 16.557, Pos = 28.812
21.016

g 1 ae B-2 ÆR����l

Fig. 1 Precise Orbit Determination residuals of strategy B-2
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Table 4 Precise Orbit Determination(POD) precision results of different strategies

ae ����/m �
c
/ns ����
ae B-1A

R = 0.005, T = 0.028

N = 0.039, Pos = 0.048
0 4 k�����

ae B-1B
R = 0.005, T = 0.027 4 k������
N = 0.052, Pos = 0.059

0
3 kd�����

ae B-2A
R = 0.673, T = 6.670

N = 1.334, Pos = 6.835
2 4 k�����

ae B-2B
R = 0.673, T = 7.100 4 k������
N = 1.043, Pos = 7.208

2
3 kd�����

O 5 rstgiH`\hid^ (ju m, s·s−1, s·s−2)

Table 5 Clock offsets precision (Unit m, s·s−1, s·s−2)

ae SSTU��g� VUW��g� T]��g�
a0 = −0.077 a0 = −0.064 a0 = −0.075

ae B-1B a1 = 4.04 × 10−16 a1 = 1.41 × 10−16 a1 = 5.13 × 10−16

a2 = −9.76 × 10−22 a2 = −1.07 × 10−21 a2 = −2.17 × 10−21

a0 = 0.315 a0 = −0.664 a0 = 0.393

ae B-2B a1 = −1.60 × 10−14 a1 = 8.05 × 10−16 a1 = −1.70 × 10−14

a2 = −8.07 × 10−21 a2 = −9.58 × 10−21 a2 = −9.66 × 10−21
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Table 6 Precise Orbit Determination (POD)

precision of different system errors

in Beijing station

ae ��
/ns ����/m ��l
/m

ae C-1 0
R = 0.005, T = 0.022

N = 0.049, Pos = 0.054
0.196

ae C-2 2
R = 0.006, T = 8.924

N = 0.092, Pos = 8.925
0.196

ae C-3 3
R = 0.007, T = 14.868

N = 0.147, Pos = 14.868
0.196

(4) ."#1.20�#E, k-9$(O'2
P)�6+1.-2(�, B�?H'(��n<
 GEO "#���?. 5!, k-�6)>7@;
0. `nc# 1:2000 cd, '1, ./.nnT%
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4./. (T, "#�6�"lp%+0-, 9)
>�",#`)q�, )D5pl "%$*.
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1. �"&]<- 2 ns.

`)2 7 �? C / A + B f. ���"
.ap2Pnq*A, %!.5/')���" h
<m1$*. 9['.!.5/'O%$*!, %
!.5/' C)Z%+0-. 9�, k-V&)%
!.5/' 1.-2/0, U&/0=N "#1
., '.!.5/' O%@o4&!O, rd*A
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' O%? 1 !, ]5%f.��84 , r�.p
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ijjT, 1-*A �" ��hl.

rf, .'.!.5/20 �#E, $3)"
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"#����,9@o4&!O'.!.5/' 2
0. &*A 10m  ���", '.1.�"&]<
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O 7 Htstgi|syz{_]cqÆ
Table 7 Precise Orbit Determination (POD) precision results with the

support of station clock offsets

ae ����/m 	�g� ��c
/ns ����
ae C-1A

R = 0.004, T = 0.031

N = 0.036, Pos = 0.047
���g� a0, a1, a2 0 4 k�����

ae C-1B
R = 0.005, T = 0.032 ���g� a0, a1, a2, 4 k������

N = 0.050, Pos = 0.059 d����� a0, a1, a2
0

3 kd�����
ae C-2A

R = 0.028, T = 8.205

N = 0.286, Pos = 8.210
���g� a0, a1, a2 2 4 k�����

ae C-2B
R = 0.018, T = 8.205 ���g� a0, a1, a2, 4 k������

N = 0.211, Pos = 8.208 d����� a0, a1, a2
2

3 kd�����
ae C-3A

R = 0.044, T = 13.695 ���g� a0, a1, a2 3 4 k�����
N = 0.471, Pos = 13.704

ae C-3B
R = 0.028, T = 13.695 ���g� a0, a1, a2, 4 k������

N = 0.318, Pos = 13.699 d����� a0, a1, a2
3

3 kd�����

3�qr

$3)"#7-'1.20�#E GEO "#
��84$� ./ts, )��, 31G1.&
FDG1.�"+%!.5/'A'�) GEO "
#�6 "%-27YZ16, &<7'53GE
 GEO "#��, 31, &#0Ec;.

(1) 1.&FD)�6�" "%T(?
28.812m.

(2) .1.�"? 2 ns  �#E, �6�"T(
? 7.208m.

(3) $+Y]E, %!.5/' C)$*, 9
[!.5/'O%$*!, %!.5/')-&
 GEO "#���"@4t&.

(4) .*A#%!.5/P, 2P*A'1.5
% $3/0,9H'�n<�?, &c# 10m �
��", 1.�"&]<- 2 ns.

(5) .'.!.5/�#E, @o4&!O'.
!.5/' 20,-'1. �"�&(���"
 49, [-'1.<- 2 ns !, GEO ���"<
- 10m.
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