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Abstract: Fixing single-satellite GPS carrier phase ambiguity could significantly improve the orbit
accuracy of low earth orbit (LEO) satellite. Currently, the CNES/CLS.Wuhan University and CODE have
published GPS integer phase clock products applied to single-satellite ambiguity fixing. In this paper, the
integer phase clock method is used for single-satellite ambiguity fixing. and it is applied to the precise
orbit determination of LEO satellite. Then, the application performances of integer phase clock products
provided by different agencies in single-satellite ambiguity fixing and LEO satellite orbit determination are
compared and analyzed. For GRACE-FO formation satellites, about 94% ambiguities could be fixed based
on different products provided by the three agencies.Orbit solutions generated using the products from the
three agencies can achieve an RMS of around 0.9 cm checked by satellite laser ranging data.Compared with
ambiguity-float orbit solutions, the accuracy of absolute orbit determination with single-satellite ambiguity
fixing is improved by about 30%. After fixing single-satellite ambiguities using the different products
provided by CNES/CLS, WHU and CODE, respectively, the RMS of K-band ranging validation residuals for
relative orbit solutions are reduced from 5.7, 5.4 and 5.3 mm to 2.1, 2.0 and 1.5 mm, respectively. The
results show that the integer phase clock products provided by different agencies have similar performances
in the single-satellite ambiguity fixing and orbit determination of GRACE-FO satellite.

Key words: single-satellite ambiguity fixing; integer phase clock method; precise orbit determination;
GRACE-FO
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Fig.1 Distributions of wide-lane and narrow-lane ambiguity fixing residuals for GRACE-C satellite on January 1,2019
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Tab.4 RMS of orbit differences between our solutions and the JPL science solutions cm
RMS RMS
satellite solution solution

R T N 3D R T N 3D

GRG-FA 1.46 1.09 0.74 1.97 GRG-TA 1.14 0.65 0.58 1.43

GRACE-C WHU-FA 1.42 0.99 0.75 1.89 WHU-TA 1.10 0.70 0.54 1.41
COD-FA 1.42 0.98 0.74 1.89 COD-1IA 1.06 0.65 0.48 1.34

GRG-FA 1.09 1.12 0.84 1.78 GRG-TA 0.80 0.60 0.49 1.12

GRACE-D WHU-FA 1.02 0.92 0.87 1.63 WHU-TA 0.76 0.62 0.45 1.08
COD-FA 1.03 0.93 0.86 1.63 COD-IA 0.72 0.57 0.40 1.01
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Tab.5 RMS of SLR validation residuals for GRACE-C

satellite orbit solutions cm

M B2 T A 1 (8] 5 fi

GRG-FAWHU-FA COD-FA GRG-IAWHU-IA COD-IA

1D

7090 1.19 1.12 1.32 0.88 0.76 0.75
7110 1.24 1.12 1.46 1.05 0.99 0.94
7119 1.69 1.40 1.35 0.84 0.97 0.99
7237 1.46 1.49 1.79 1.51 1.64 1.61
7810 1.49 1.26 1.38 0.89 0.91 0.99
7825 0.98 0.91 1.64 0.78 0.72 0.63
7840 1.79 1.67 1.22 1.17 1.34 1.22
7841 1.22 1.22 0.33 0.32 0.13 0.32
mean  1.38 1.27 1.31 0.93 0.93 0.93

% 6 GRACE-D DEEHZERM SLR 1% ZE RMS
Tab.6 RMS of SLR validation residuals for GRACE-D

satellite orbit solutions cm

B 07 A RO 3 1 7 fi
GRG-FAWHU-FACOD-FA GRG-IAWHU-IA COD-IA

7090 1.48 1.32 1.32 0.97 0.82 0.78
7110 1.65 1.46 1.43 1.09 0.94 0.93
7119 1.15 1.35 1.35 0.95 0.64 0.70
7237 1.73 1.79 1.80 1.66 1.78 1.79
7810 1.52 1.38 1.39 1.03 0.96 0.98
7825 1.19 1.64 1.69 0.53 0.80 0.69
7840 1.27 1.22 1.21 0.90 0.99 0.96
7841 0.28 0.33 0.33 0.39 0.55 0.38
mean  1.28 1.31 1.32 0.94 0.94 0.90
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Fig.4 RMS of KBR validation residuals for relative orbit

solutions based on different strategies
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mEIREZE RMS
Tab.7 RMS of baseline differences between our relative orbit

solutions and DD-IA relative orbit solutions mm

RMS RMS
solution solution

R T N 3D R T N 3D

GRG-FA 3.2 5.9 3.7 7.7 GRG-IA 1.6 2.3 1.9 3.4
WHU-FA 3.1 5.5 3.5 7.3 WHU-IA 1.6 2.2 1.8 3.3
COD-FA 3.0 5.4 3.5 7.1 CODIA 1.4 1.6 1.4 2.6
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