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OverviewOverviewOverviewOverview

� Geocenter Geocenter Geocenter Geocenter fromfromfromfrom singlesinglesinglesingle----techniquetechniquetechniquetechnique solutionssolutionssolutionssolutions::::

� Comparison of GNSS and SLR

� Geocenter Geocenter Geocenter Geocenter fromfromfromfrom combinedcombinedcombinedcombined GNSSGNSSGNSSGNSS----SLR SLR SLR SLR solutionssolutionssolutionssolutions::::

� Impact of weighting

� Impact of range biases

� Impact of microwave antenna offsets (SAO) and laser
array offsets (LRA)

� Impact of orbit parameterization

� ConclusionsConclusionsConclusionsConclusions
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GNSS: Mean = 5.2 mm, RMS = 4.4 mm
SLR: Mean = 1.2 mm, RMS = 3.6 mm

SLRSLRSLRSLR----onlyonlyonlyonly and and and and GNSSGNSSGNSSGNSS----onlyonlyonlyonly geocentergeocentergeocentergeocenter seriesseriesseriesseries
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� ComparableComparableComparableComparable seriesseriesseriesseries fromfromfromfrom GNSS and SLR (GNSS and SLR (GNSS and SLR (GNSS and SLR (exceptexceptexceptexcept forforforfor shiftshiftshiftshift: 4 mm): 4 mm): 4 mm): 4 mm)

WeeklyWeeklyWeeklyWeekly GNSS:GNSS:GNSS:GNSS: CODE reprocessing using IGS08 (TRF, antenna
model)

WeeklyWeeklyWeeklyWeekly SLR:SLR:SLR:SLR: Computed at AIUB, based on LAGEOS satellites



Astronomical Institute University of Bern

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
−40

−20

0

20

40

G
C

C
−

Z
 [m

m
]

 

 

GNSS: Mean = 5.9 mm, RMS = 10.7 mm
SLR: Mean = 0.2 mm, RMS = 6.4 mm

SLRSLRSLRSLR----onlyonlyonlyonly and and and and GNSSGNSSGNSSGNSS----onlyonlyonlyonly geocentergeocentergeocentergeocenter seriesseriesseriesseries
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∆ Z: Mean = −5.7 mm, RMS = 12.6 mm

� SLR SLR SLR SLR showsshowsshowsshows clearlyclearlyclearlyclearly fewerfewerfewerfewer variationsvariationsvariationsvariations thanthanthanthan GNSSGNSSGNSSGNSS
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SLRSLRSLRSLR----onlyonlyonlyonly and and and and GNSSGNSSGNSSGNSS----onlyonlyonlyonly geocentergeocentergeocentergeocenter seriesseriesseriesseries

� Draconitic year is clearly visible: GNSS = 352 dGNSS = 352 dGNSS = 352 dGNSS = 352 d, , , , LAGLAGLAGLAG----2 = 222 d2 = 222 d2 = 222 d2 = 222 d

� Annual and draconitic signal are not distinguishable for GNSS

� Big amplitudes at harmonics of draconitic year for GNSSD
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117.8
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333.7
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Period in Days

GNSS−only (blue) vs. SLR−only (orange)

222.4

182.0

166.8

GNSS-only
7-day solutions

SLR-only
7-day solutions
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CombinedCombinedCombinedCombined GNSSGNSSGNSSGNSS----SLR SLR SLR SLR solutionssolutionssolutionssolutions

� Microwave observations to GPS / GLONASSGPS / GLONASSGPS / GLONASSGPS / GLONASS

� SLR observations to GPS / GLONASSGPS / GLONASSGPS / GLONASSGPS / GLONASS

� SLR observations to LAGEOS

� Connection of SLR and GNSS at the GPS / GLONASS 
satellites ( „„„„satellitesatellitesatellitesatellite cocococo----locationlocationlocationlocation““““ )

� No local ties applied
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GNSS F7 (blue) vs. GNSS+SLR A73 (pink)

GNSS-only 7-day
Combined GNSS-SLR 7-day

CombinedCombinedCombinedCombined geocentergeocentergeocentergeocenter

� Annual signal remains; draconitic GNSS signal vanishes

� Harmonics of draconitic GNSS year are reduced but not
eliminated
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CombinedCombinedCombinedCombined geocentergeocentergeocentergeocenter: Impact of : Impact of : Impact of : Impact of weightingweightingweightingweighting
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� Higher weight for SLR data (solution CCCC) degrades the solution

� All other combinations show improvement w.r.t. GNSS-only

� Down-weighting SLR@GNSS data (BBBB or DDDD) not necessarily needed

σ SLR_LAG

σ GNSS

σ SLR@GNSS

σ GNSS

Mean

X Y Z

RMS

X Y Z

AAAA 1 1 3.7 4.9 5.0 3.9 5.0 7.6

BBBB 10 10 3.7 4.9 3.8 3.9 4.9 7.9

CCCC 0.1 0.1 4.1 4.8 6.86.86.86.8 4.94.94.94.9 5.85.85.85.8 11.711.711.711.7

DDDD 1 10 4.2 5.0 3.8 4.3 5.4 8.2

GNSSGNSSGNSSGNSS----onlyonlyonlyonly seriesseriesseriesseries 4.6 5.2 5.9 3.5 4.4 10.7

SLRSLRSLRSLR----onlyonlyonlyonly seriesseriesseriesseries 1.0 1.2 0.2 4.1 3.6 6.4
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CombinedCombinedCombinedCombined geocentergeocentergeocentergeocenter: Impact of RGB: Impact of RGB: Impact of RGB: Impact of RGB
D
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Considering / Ignoring range biases (per Sta, per Sat): Impact on geocenter

∆ X: Mean = 0.1 mm
∆ Y: Mean = −0.3 mm
∆ Z: Mean = 2.5 mm

Comb 1: No range bias considered

Comb 2: Range bias per station, per satellite considered

⇒ BiasBiasBiasBias and annualannualannualannual signalsignalsignalsignal (mainly in z-component): several mm
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CombinedCombinedCombinedCombined geocentergeocentergeocentergeocenter: Impact of SAO, LRA: Impact of SAO, LRA: Impact of SAO, LRA: Impact of SAO, LRA
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Considering / Ignoring corrections to SAO, LRA (RGB applied): Impact on geocenter

∆ X: Mean = −0.7 mm
∆ Y: Mean = −0.1 mm
∆ Z: Mean = −1.8 mm

Comb 1: Range bias per station, per satellite considered

Comb 2: RGB, SAO, LRA corrections considered

⇒ BiasBiasBiasBias at mm-level (mainly in z-component)
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Impact of Impact of Impact of Impact of orbitorbitorbitorbit constraintsconstraintsconstraintsconstraints

GNSS GNSS GNSS GNSS satellitessatellitessatellitessatellites onlyonlyonlyonly::::

�Test Test Test Test solutionsolutionsolutionsolution: : : : OPR parameters D, Y, X un-constrained

�««««StandardStandardStandardStandard»»»» solutionsolutionsolutionsolution due to correlations with geocenter: Once-
per-Rev (OPR) parameters D, Y fixed

D
. 
T
h
a
ll
e
r
e
t 
a
l.
: 
G
e
o
c
e
n
te
r
c
o
o
rd
in
a
te
s
 f
ro
m
 S
L
R
 a
n
d
 c
o
m
b
in
e
d
 G
N
S
S
-
S
L
R
 a
n
a
ly
s
is

E
G
U
 G
e
n
e
ra
l 
A
s
s
e
m
b
ly
 2
0
1
2
, 
V
ie
n
n
a

0 50 100 150 200 250 300 350 400
0

2

4

6

8

10

12

14

16

A
m

pl
itu

de
 G

C
C

−
Z

 [m
m

]

364.0 50.0

 69.0

 70.2

 87.0 38.9

Period in Days
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Impact of Impact of Impact of Impact of orbitorbitorbitorbit constraintsconstraintsconstraintsconstraints
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 87.0 38.9

Period in Days

OPR free: GNSS−Sat−only (a73r6, blue)  vs.  GNSS−Sat + LAGEOS (A73R6, orange)

182.0

CombinedCombinedCombinedCombined GNSSGNSSGNSSGNSS----SLR SLR SLR SLR solutionsolutionsolutionsolution: : : : OPR OPR OPR OPR parametersparametersparametersparameters unununun----constrainedconstrainedconstrainedconstrained

GNSS GNSS GNSS GNSS satellitessatellitessatellitessatellites onlyonlyonlyonly

CombinedCombinedCombinedCombined GNSS+SLR (GNSS+SLR (GNSS+SLR (GNSS+SLR (includingincludingincludingincluding LAGEOS LAGEOS LAGEOS LAGEOS satellitessatellitessatellitessatellites))))
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ConclusionsConclusionsConclusionsConclusions

� SLRSLRSLRSLR geocenter series are very clean for all 3 components

� GNSSGNSSGNSSGNSS geocenter series for XXXX----, , , , YYYY----componentcomponentcomponentcomponent are very clean

� GNSSGNSSGNSSGNSS geocenter series for ZZZZ----componentcomponentcomponentcomponent shows artifacts at 
periods related to the draconitic year

� These artifacts are reducedreducedreducedreduced in combinedcombinedcombinedcombined GNSSGNSSGNSSGNSS----SLR SLR SLR SLR solutions, 
but 3rd, 5th, 7th harmonicsharmonicsharmonicsharmonics are still present

� Ignoring range biases and antenna offset corrections generates
a shiftshiftshiftshift and annualannualannualannual variationsvariationsvariationsvariations in in in in ZZZZ----componentcomponentcomponentcomponent of ~4 mm (partly
also in Y-component) 

� The negative impactimpactimpactimpact of OPR of OPR of OPR of OPR parametersparametersparametersparameters on on on on geocentergeocentergeocentergeocenter cannot
be fully avoided by the inclusion of SLR data
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∆ X (shifted +5): Mean = 0.1 mm

∆ Y (not shifted): Mean = −0.1 mm

∆ Z (shifted −5): Mean = 0.2 mm

Impact of Impact of Impact of Impact of atmosphericatmosphericatmosphericatmospheric loadingloadingloadingloading

⇒⇒⇒⇒ See See See See posterposterposterposter presentationpresentationpresentationpresentation bybybyby SoSoSoSośnicanicanicanica et al.:  et al.:  et al.:  et al.:  Impact of atmospheric Impact of atmospheric Impact of atmospheric Impact of atmospheric 
loading corrections on SLR and the consistency between GNSS and loading corrections on SLR and the consistency between GNSS and loading corrections on SLR and the consistency between GNSS and loading corrections on SLR and the consistency between GNSS and SLR SLR SLR SLR 
solutions. Session  G2.1, Thursdaysolutions. Session  G2.1, Thursdaysolutions. Session  G2.1, Thursdaysolutions. Session  G2.1, ThursdayD
. 
T
h
a
ll
e
r
e
t 
a
l.
: 
G
e
o
c
e
n
te
r
c
o
o
rd
in
a
te
s
 f
ro
m
 S
L
R
 a
n
d
 c
o
m
b
in
e
d
 G
N
S
S
-
S
L
R
 a
n
a
ly
s
is

E
G
U
 G
e
n
e
ra
l 
A
s
s
e
m
b
ly
 2
0
1
2
, 
V
ie
n
n
a


