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Overview

1. Combination strategy
- Microwave GNSS observations
- SLR observations to GNSS satellites
- SLR observations to LAGEOS+ETALON

2. Resultsfrom combined GNSS-SLR analysis: 

- Offsets of Laser Reflector Array (LRA)
- SLR range biases
- Geocenter coordinates

3. Conclusions
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Combined GNSS-SLR analysis
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Combined GNSS-SLR analysis
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Combined GNSS-SLR analysis
Parameters estimated:

- Station coordinates

- Earth Rotation Parameters

- Geocenter coordinates

- Orbit parameters for GNSS satellites(1-day arc)

- Orbit parameters for LAGEOS / ETALON (7-day arc)

- Offsets of the Laser Reflector Arrays (LRAs)

- Offsets of the microwave satellite antenna(SAO)

- SLR range biases

Combination of
GNSS – SLR:
Satellite co-location

Estimate in multi-year solution ⇒⇒⇒⇒ Introduce into weekly solutions
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LRA offset corrections
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LRA z−offset correction (filled = tracked by all sites)

 

 

SAO fixed
SAO−Z estimated

Filled signatures:
Satellites tracked by all SLR sites

Others:
Satellites tracked only by
Herstmonceux(since Dec. 2009)

Mean correction:

GPS GLONASS
SAO fixed 34.76 mm       33.56 mm
SAO-Z estimated 34.83 mm       26.52 mm

⇒⇒⇒⇒ Difference 0.06mm 7.04mm

⇒ Significant corrections to 
LRA offsets

⇒ Estimation of SAO has almost 
no impact
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SLR−GNSS range biases per station

 

 
SAO fix, LRA fix
SAO fix, LRA−Z
SAO−Z, LRA−Z
Std.Dev [0.1mm]

SLR-GNSS „range“ biases

Common estimation of: GNSS Satellite Antenna Offset (z-direction)
LRA offset (z-direction) 
GNSS-SLR range biases
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Geocenter: GNSS-only
Once-per-Revolution (OPR) orbit parametersneeded for modelling radiation pressure
BUT: Correlation of OPR parameters with geocenter coordinates
⇒ 2 OPRparameters have to be constrained in GNSS solutions
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Geocenter: GNSS-only
Sub-frequencies of the draconitic year (~352 d) are visible in the spectra of 
geocenter coordinates if OPR are estimated without constraints

Constraining OPR reduces the amplitudes
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Geocenter: GNSS + SLR
Can the combination with SLR to GNSSimprove the geocenter estimation?

No impact!

01/06 07/06 01/07 07/07 01/08 07/08 01/09 07/09 01/10 07/10 01/11
−100

−80

−60

−40

−20

0

20

40

60

80

100

Month / Year

G
C

C
−

Z
 [m

m
]

Geocenter Z

 

 
7d GNSS−only (OPR free)
7d GNSS+SLR (OPR free)



IUGG General Assembly 2011, Melbourne, Session J-G05

Geocenter: GNSS + SLR
Can the combination with SLR to GNSSimprove the geocenter estimation?   NO!
It’s a matter of theorbit modelling and NOT a question of theobservation technique.
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Geocenter: GNSS + SLR + Lageos/Etalon
Can the combination with SLR to LAGEOS/ETALON improve the geocenter
estimation?

RMS reduced from 43.2 mm to 25.0 mm
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Geocenter: GNSS + SLR + Lageos/Etalon
The amplitude vanishesfor the frequency of the draconitic GPS year
(similar to constraining OPR parameters in GNSS-only solution)
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The amplitudes are reducedfor most of the sub-frequenciesof the draconitic GPS 
year, but they are still present.

Geocenter: GNSS + SLR + Lageos/Etalon
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If the OPR orbit parameters areconstrained:
LAGEOS has nearly no impacton the geocenter.

RMS is slightly reducedfrom  9.2 mm to  8.5 mm

Geocenter: GNSS + SLR + Lageos/Etalon
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7d GNSS+SLR+Lag/Eta (OPR constr.)
7d GNSS−only (OPR constr.)
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Conclusions

Next steps / possible improvements:

- Use ITRF2008 reference frame (+ igs08.atx GNSS antenna model)
- Add lower spherical satellites (Starlette, Stella)
- Improve GNSS orbit model (albedo, solar radiation pressure)

- Combination of GNSS and SLRobservations using satellite co-location
at GPS / GLONASS satellites shown for 5 years

- LRA offsetsshow significant discrepancies (~35 mm)

- Geocenter cannot be improved by adding only SLR to GNSSsatellites 

- Geocentercan be improved by adding SLR to spherical satellites
But: Draconitic GPS/GLONASS period still present 


