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Overview

1. Co-locationsat stations and satellites
2. SLR tracking of GNSSsatellites (GPS and GLONASS)
3. Resultsfrom combining:

- GNSS and SLR@GNSS

- GNSS and SLR@GNSS and SLR@Lageos

- Conclusions and outlook
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Co-locations for GNSS and SLR

Co-location at stations (e.g., for actual ITRF comptation):
— Application of knownocal tie values
- GNSS observations of ground network; SLR obsermatto Lageos

Problems

— Phase centemodelling of GNSS antenna

- Local ties(accuracy, transformation local geocentric)

- Number (and distribution) oto-located GNSS-SLR stations

Local Tie
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Co-locations for GNSS and SLR

Co-location at GNSS satellites = Transmitting point for GNSS
Reflecting point for SLR (target)

- Vectorsof GNSS and SLR reference poimts.t. satellite CoM needed
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SLR tracking of GNSS satellites
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# SLR obs. / Day

# SLR obs. / Day
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SLR residuals: Mean bias

Satellite— / site—specific bias
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Mean bias for all stations  GO05 GO06
for 2003 — 2009 [mm]: -24.0 -26.4
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Combined analysis of GNSS and SLR

Questions:

Are satellite co-locations strong enough to fuplace co-locations on
ground?
(space tiesnstead ofocal tieg

Which values do the site-specifit.R range biasedor GNSS
satellites have?

Is an estimation octNSS SAOtogether withSLR range biases
possible or does this cause a rank deficiencyhesdtale?
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Combined analysis of GNSS and SLR

Analysis and combination with thgernese GPS Software

- GNSS-only NEQs (daily):
- Combined GPS+GLONASS analysis performed at CODE
- Re-analysis for 2003 — 2008, routine IGS analysi<2009

- SLR-only NEQs for SLR@GNSS (daily):
- SLR data to GPS and GLONASS satellites
- Parameterization identical to GNSS analysis (erldRP, geocenter)
- Range biases for all sites

— Combination on normal equation level:
- Use of“space ties” only, no “local ties”!

- SLR-NEQsfor Lageos (weekly; 2007 - 2009):
- Range biases only for selected sites

— Combination on normal equation level:
- Weekly combination and accumulation to long-teotuson
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Combined analysis of GNSS and SLR

SLR station network

- not included in the datum definition (no-net-radat no-net-translation)
- no local ties applied

- Solely appended via the ,space ties* (common gréarameters)

Verification of SLR station coordinates Helmert transformation

SLRF2005 Lageos-only

Comb: SLR@GNSS  54.40 54.22 [mm]
RMS Comb: + Lageos 6.70 2.95 [mm]
SLRF2005 7.49 [mm]

— Agreement is at them-level
- Inclusion of Lageosimproves the coordinate estimates
— Connection by using space ties only is possible
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SLR range biases

Problems:

1. Values for GNSS satellites are not available
— But: Biases are seen in SLR residual analysis
- Estimation ofrange biases for all stationseeded
— Definition of the scale?

2. Number of observations (10 — 20 per day)
- Dally estimation is not possible
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SLR range biases

SLR range biases from weekly solutions: Station 7090
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- Weekly estimation fronSLR@GNSSdata only: possible in few cases
- Inclusion ofLageosdata improves weekly solutions
- Yearly (or multi-year) solutions needed for reliable values
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SLR range biases for satellite GO6
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Impact of GNSS-SAO estimation
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SLR range biases and GNSS SAG©

Using NEQs of 2007-2009
Including Lageos data
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SLR range biases and GNSS SAG©
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No general shift of SAO estimates
=> Scale of SLR Is transferred properly to GNSS
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Conclusions and outlook

- Inclusion of SLR@GNSS works properly

- Connection via gpaceties’ is possible (without local ties)
BUT:
Accurateties (in space and on sites) required for combination

- Scale from SLR can be transferred to GNSS
- Estimation of GNSS satellite antenna offsets pdssib

- SLR range biasesto GNSS satellites can be determined reasonabjy o
from long observation time spans
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