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Overview

1. Combination of GNSS and SLReneral considerations
2. Expectationfrom a combined analysis of GNSS and SLR@GNSS
3. Resultsfrom one year of combining GNSS and SLR@GNSS

4. Conclusions and outlook
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Combination of GNSS and SLR

Co-location at stations

Problem:

- Local ties

— Application of knownlocal tie values
- GNSS observations of ground network; SLR obseraatio Lageos

— Phase center modelling of GNSS antenna

Co-location at satellites

Reflecting

2.) LEO satellite: Receiving
Reflecting

1.) GNSS satellite  Transmitting point for GNSS

point for SLR (target)

point for GNSS (“kinematic station”)
point for SLR (target)

— Vector of GNSS and SLR reference poimts.t. satellite CoM needed
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Co-location at GNSS satellites

SLR to GNSS satedllites:

1. Validation of microwave-only GNSS orbits by SLR range residual
= control of a priori models (e.g., radiation preggur

2. Combined orbit determination
= only few SLR normal points per day (~ 10-20 peebiat)
= problematic on daily basis

Strength ofSLR (o geodetic satellites (Lageos,...):

Reference frame: maingcaleandgeocenter

= Applicable as well for SLR @ GNSS?
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Expectation from combined analysis

GNSS @GNSS SLR @GNSS SLR @Lageos

Radiation pressure
-~ (Geocenter

GNSS satellite
antenna phase center

- Scale
Range biases
- Scale

SLR @ GNSS = Geocenter Is affected as well
— Scaleis transferred directly to GNSS

= Independentcontrol oflocal ties
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Combined analysis of GNSS and SLR

- Studies using one year of data: 2008
- Analysis and combination with thi#ernese GPS Software

- GNSS-only NEQs (daily):
- Combined GPS+Glonass analysis performed at CODE

- SLR-only NEQs (daily):
- SLR data to GPS and Glonass satellites
- Parameterization identical to GNSS analysis (erldRP, geocenter
- In addition: Range biases

— Combination:
- Daily combination
- Accumulation to annual solution
- Use of “space ties” only, no “local ties”!
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Network in 2008

90 . . . . .
60 Satellites tracked:
30 GPS: GO05
GO06
0
GLONASS:
-30 R15
R24
°0 RO7
_90 l l l l l Rll
-180 -120 -60 0 60 120 180
Altogether: 8 sites with > 1000 NP Northern hemisphere
25 SLR sites 5 sites with > 500 NP 16804 NP
31855 normal points (NP) 6 sites with > 100 NP  Southern hemisphere
6 sites with < 100 NP 15051 NP
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Combined analysis of GNSS and SLR

Questions to be answered:

Are satellite co-locations strong enough to fuplace co-locations at
ground?

(space tiesnstead ofocal tieg

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

GNSS SAO fixedon
Igs05.atx

GNSS SAO
correctionsstimated

M | No SLR range bias

L | SLR range biager satellite
(GO5, G06, R15, R24, ..)

K | SLR range biaper system
(GPS, GLONASYS)

J | SLR range biager station

SLR and GNSS
deliver information on
the scale

U

Scale of combined
solution is aveighted
mean of the GNSS
and SLR scale

(GNSS will dominate)

SLR delivers
information on the
scale

GNSS has a rank
deficiency w.r.t. the
scale

U

Scale of combined
solution comesnly
from SLR

AIUB
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Comparison with SLRF2005
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SLR station coordinates are well determined byaismiely “space ties”
(no local ties to GNSS sites; not included in datefinition)

Prerequisite: sufficient number of SLR observations (~ 200-300)
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Comparison with local ties

Combining GNSS and SLR@GNSS using ,space ties” only

— Combined yearly GNSS+SLR solution

— Datum definition: NNR+NNT (GNSS core sitesj) Local ties

- GNSS antenna phase center (SAO) fixe=l Scale defined by GNSS and SLK

3D vector difference: AlUB combined (SAO fixed), AIUB single-techniquesolutions
90 \ \ \ \ \ \ \ \ \ \

‘ T T T T
Il Combination (JA): SAO fixed
I AIUB single-technique solutions
—4&— Number of SLR observations / 100 | |

80—

£ Red:

From annual
single-technique
: solutions

1|III||....___ Blue:
Combined solution,

GNSS SAO fixed
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7405-CONZ
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7840-HERT
8834-WTZR
7105-GODE
7110-MONP
7080-MDO1
7941-MATE
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7249-BJFS
7501-HARB
7501-HRAO
7124~THTI
7845-GRAS
7841-POTS

7810-ZIMM
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Comparison with local ties

Impact of GNSS antenna phase center (SAO) estimano

— No big differences= Estimation of SAO Is possible
- Slightly better agreement with local ties if scal®&OT defined by

GNSS (has to be verified using longer time spatabd!)

3D vector difference: AIUB PCV fix, AIlUB PCV estim.
90 T T T T T T T T T ‘

T T T T T
I A1UB JA (satellite PCV fixed)
[ AIUB JB (satellite PCV estimated)

80—

Blue:
Combined solution,
GNSS SAO fixed

[mm]

3D vector difference

Green:
Combined solution,
GNSS SAO estimated
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SLR range biases and GNSS SAG©
Syétem‘—spe‘cific ‘SLR‘ range biases for Glonass satellites G PS G LO NASS
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Simultaneous estimation of GNSS antenna phaseragffdets
and SLR range biases is possible

— Scale of SLR can be transferred into GNSS network
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Conclusions and outlook

- Combination usingsL R@GNSS works fine
= most direct way to combine GNSS and SLR

- Connection via gpace ties’ only is possible (without local ties)
= Independent control of local ties
BUT:

Accurateties (in space and on sites) required for combination
Number of SLR observations critical (not possible on a daily basis)

- Scale from SLR is transferred to GNS&rectly (not via local ties)
= Estimation of GNSS SAO consistent to SLR scale

- Orbit overlap error is slightly improved (mainhyLGNASS)

- Studies have to be extendeddoger time span
- Inclusion of Lageos. Geocenter; more stable SLR station coordinates
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Number of observations in 2008

Number of SLR observations
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SLR residuals

SLR residuals for satellite GO5, Orbit G3
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SLR residuals for satellite G06, Orbit G3

SLR residuals
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SLR residuals

SLR residuals for satellite R24, Orbit G3
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SLR residuals for satellite R15, Orbit G3

SLR residuals
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Bias [mm]
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RMS [mm]

SLR residuals: RMS

Satellite— / site—specific RMS of SLR residuals
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SLR range biases

SLR range biases
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SLR range biases

SLR range biases
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Comparison with local ties
Level of agreement when using one year of data only

— Coordinate differences from GNSS-only and SLR-owlygons (1 year)
— Datum definition for both solutions using NNR+NNdofe sites)

- Velocities from ITRF2005

3D vector difference: AIUB (zero difference), ITRF2008

T T T T
Il A1UB zero differences
I ' TRF2008

35

30—

Red:
ITRF2008 (prelim.)

[mm]

3D differences

Blue:

From annual
single-technique
solutions
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Comparison with local ties

Changes when combining GNSS and SLR@GNSS using , sqgaties” only
— Combined yearly GNSS+SLR solution
— Datum definition: NNR+NNT (GNSS core sitesj) Local ties

- GNSS antenna phase center (SAO) estimatedScale defined by SLR only!

3D vector difference: AIUB (Sat.PCV estim.), AIUB zero differences
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L = Satellite-specific SLR range biases
K = System-specific SLR range biases
J = Station-specific SLR range biases

Scale between solutions (GNSS core sites)

L1A K1A J1A L1B K1B J1B
GNSS-only| 0.0 0.0 0.0 0.9 0.9 0.9
L1A 0.0 0.0 0.9 0.9 0.9
K1A 0.0 0.9 0.9 0.9
J1A 0.9 0.9 0.9
L1B 0.0 0.0
K1B 0.0
Lageos 0.0+0.9|-0.8+0.7|-0.4 0.7 |0.3+1.0 |-0.6 £0.6 |-0.3 £0.7

[Ppb]

JAY GNSS Sat.ant. fixec

= Scale fixed

,B“: GNSS Sat.ant. estimated
= Scale free=> from SLR

AIUB
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