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Precise GNSS Products

 Final satellite orbits: a combination of orbits from 

different analysis centers

 Accuracy [1]: 

 2.5 cm for GPS

 3 cm for GLONASS

1:  http://www.igs.org/products



Shanghai Astronomical Observatory ，CAS
4

Precise GNSS Products

 Final satellite clocks: a combination of orbits from 

different analysis centers

 Accuracy [1]: 

 75 ps (2.25 cm) for GPS

1:  http://www.igs.org/products
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Precise GNSS Products

 Orbit combination strategy[2]:

 L1-norm with different weighting

Clock combination strategy[3]:

 Radial orbit difference corrected

2: Beutler, G.et al. (1995), Bulletin Geodesique, 69(4), 200--222.

3:T.A. Springer et al. presentation at the IGS Analysis Center Workshop, 1998
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Orbit/clock Correlations

 Satellite clock characteristics[4]

 Linear and quadratic trend in general

 Remaining periodical residuals coming from satellite orbit errors 

4:Kenneth L. Senior et al. GPS Solut 2008, (12):211–225
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Orbit/clock differences

5:Junping Chen et al. GEOMATICS AND INFORMATION SCIENCE OF WUHAN 

UNIVERS),2017,42(11):1649-1657

 Satellite orbits and clock differences 

among different ACs [5]

 1 reference satellite

 2 steps difference (between satellites and ACs)

 Orbit differences(blue) vs. Clock 

differences(red):Negative linear 

correlation

 Correlation issue limits accuracy!!
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Parameter Correlation problems

 Scaled Sensitivity Matrix approach[6,7]

 quantitative assessing the influences of unresolved 
parameters

6:  Dong, D. et al., 2002. J. Geophys. Res.107 (B4), 2075.

7: Junping Chen et al. (2015): Advances in Space Research, 55 (2015) 125–134
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Satellite clock modelling

 Modelling satellite clock as quadratic terms for satellite-

depended periods

Modelling period from minutes to hours!
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Satellite clock modelling in POD

8:Qian Chen et al. China Satellite Navigation Conference (CSNC) 2018

Proceedings, Lecture Notes in Electrical Engineering 498,2018,399-407

 Using precise TWTT Satellite clocks as constrains [8]

 Advantages:

 None effects from orbit errors

 Better modelling and more stable solutions

j 2

i 0L ρ(r , r ) c (a a )j j j j

i i j j i i idt c b N T             

 2

0

L L L L
, , , ,

T

T

j j

c c c
par a a b

 
    

            



Shanghai Astronomical Observatory ，CAS
13

Experiments

 Data of 7 tracking stations in Mainland China are used.

Three periods where BDS GEO satellites experienced

maneuver in October 2017 are selected
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SatID Start time End time Available 

time

C01 2017-10-31 

8:55

2017-10-31 

10:15

4h after 

maneuver

C02 2017-10-19 

8:59

2017-10-19 

11:15

4h after 

maneuver

C03 2017-10-23 

8:46

2017-10-23 

11:15

4h after 

maneuver

Satellite maneuver information
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Results

 Satellite clock modelling accuracy secured

 Orbit accuracy with new and traditional approach

 Much more stable and higher accuracy for the NEW

SatID Accuracy 1 h 

Prediction

C01 0.11 0.81

C02 0.09 0.80

C03 0.06 0.78

C04 0.11 1.14

C05 0.07 0.93

C06 0.24 1.23

C07 0.23 1.30

C08 0.17 1.33

C09 0.21 1.41

C10 0.26 1.44
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Results

SatID
DATA

SPAN

OBSERV. UERE 1 h Prediction

OLD NEW

Improvement 

(%) OLD NEW

Improvement 

(%)

C01

3h 0.856 0.378 55.848 3.982 0.717 81.996

4h 0.476 0.354 25.672 1.997 0.341 82.919

5h 0.341 0.326 4.368 0.367 0.435 -18.484

6h 0.331 0.352 -6.377 0.400 0.486 -21.600

7h 0.402 0.323 19.497 0.697 0.376 46.114

8h 0.336 0.320 4.911 0.744 0.819 -10.052

C02

3h 0.505 0.423 16.261 2.308 0.338 85.369

4h 0.436 0.394 9.529 0.889 0.632 28.941

5h 0.502 0.483 3.845 1.733 1.130 34.785

6h 0.600 0.628 -4.600 1.251 1.163 7.049

7h 0.750 0.679 9.433 1.415 0.564 60.158

8h 0.647 0.650 -0.526 0.502 0.501 0.179

C03

3h 0.801 0.673 15.980 1.929 0.568 70.561

4h 0.670 0.680 -1.462 0.503 0.502 0.219

5h 0.683 0.643 5.801 0.842 0.546 35.139

6h 0.645 0.672 -4.169 0.506 0.476 5.873

7h 0.638 0.638 -0.063 0.494 0.513 -3.742

8h 0.611 0.614 -0.541 0.461 0.463 -0.456

mean 0.568 0.513 8.523 1.168 0.587 26.943
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Results

SatID
DATA

SPAN

OBSERV. UERE 1 h Prediction

OLD NEW

Improvement 

(%) OLD NEW

Improvement 

(%)

C01

3h 0.856 0.378 55.848 3.982 0.717 81.996

4h 0.476 0.354 25.672 1.997 0.341 82.919

5h 0.341 0.326 4.368 0.367 0.435 -18.484

6h 0.331 0.352 -6.377 0.400 0.486 -21.600

7h 0.402 0.323 19.497 0.697 0.376 46.114

8h 0.336 0.320 4.911 0.744 0.819 -10.052

C02

3h 0.505 0.423 16.261 2.308 0.338 85.369

4h 0.436 0.394 9.529 0.889 0.632 28.941

5h 0.502 0.483 3.845 1.733 1.130 34.785

6h 0.600 0.628 -4.600 1.251 1.163 7.049

7h 0.750 0.679 9.433 1.415 0.564 60.158

8h 0.647 0.650 -0.526 0.502 0.501 0.179

C03

3h 0.801 0.673 15.980 1.929 0.568 70.561

4h 0.670 0.680 -1.462 0.503 0.502 0.219

5h 0.683 0.643 5.801 0.842 0.546 35.139

6h 0.645 0.672 -4.169 0.506 0.476 5.873

7h 0.638 0.638 -0.063 0.494 0.513 -3.742

8h 0.611 0.614 -0.541 0.461 0.463 -0.456

mean 0.568 0.513 8.523 1.168 0.587 26.943

Satellite clock modelling contributes

the most for the first few hours of

satellite maneuver, where very few

data are available. It improves orbit

determination accuracy by more

than 15% and over 70% on orbit

prediction accuracy
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Conclusions

IGS orbit and clock accuracy is limited by parameter

correlations

New strategy with satellite clock modelling is proposed

and validated for the precise orbit determination process,

especially for satellite in maneuver period

With the new approach, orbit determination accuracy

improved by more than 15% and orbit prediction

accuracy improved by over 70%
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