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Questions
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Å Ideally, ǿŜΩŘlike repro3:
ς to includeGalileo

(which currently impliesswitchingfrom robot to chambercalibrations for groundantennas)

ς to have its terrestrial scalebasedon Galileo satellite antennacalibrations
(which impliesre-estimatingGPS satellite z-PCOsbasedon Galileo satellite z-PCOs)

ς not to upsetZuheir
(or other usersof IGS station position time series)

Å So we needto wonder:
ς ²ƘŀǘΩǎthe impact of switchingfrom robot to chambercalibrations on station positions?

ς ²ƘŀǘΩǎthe impact of includingGalileo on station positions?

ς Can we reliably re-estimateGPS satellite z-PCOsbasedon Galileo satellite z-PCOs?



Test dataset
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Å 2017-2018 reprocessingby ESA (thanks!) includingthe 
following daily solutions:

Å A priori satellite z-PCOsfrom igs14.atx, i.e.:
ς ITRF2014-scale-basedfor GPS satellites

ς from GSA calibrations for Galileo satellites

ς but satellite z-PCOsincludedin SINEX files, hencere-estimable

Å Thanksas well to CODE and GFZ for their efforts!
ς Didnot have time to look at/h59Ωǎ2017-2018 repro in detail yet, but will !

ς Someunresolvedissues with DC½Ωǎ2-weeksample

GPS-only Galileo-only GPS+Galileo

Gr Gc E5r E5c E7r E7c GE5r GE5c GE7r GE7c

GPS L1+L2 L1+L2 - - - - L1+L2 L1+L2 L1+L2 L1+L2

Galileo - - E1+E5a E1+E5a E1+E5b E1+E5b E1+E5a E1+E5a E1+E5b E1+E5b

ground
calib.

robot cham. robot cham. robot cham. robot cham. robot cham.

inconsistent



Part 1:

LƳǇŀŎǘ ƻŦ Ǌƻōƻǘ Ҧ chambercalibration changes
on GPS-only station positions
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Gcvs. Gr: long-term stackingresiduals
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WRMS of the residuals
from long-term stackingsof the:
τ Gr solutions 
τ Gcsolutions

AverageLomb-Scargleperiodogramsof the residuals
from long-term stackingsof the:

τ Gr solutions 
τ Gcsolutions



Gcvs. Gr: station position differences
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Typicalcase: AUCK 
(TRM57971.00     NONE)

Worst case: UNSA 
(JAV_RINGANT_G3T NONE)

NB: The Gcand Gr solutions were differencedafter havingbrought them to a commonorigin and orientation.
Station position differencesare thus shownup to an unknownglobal translation and rotation.



Gcvs. Gr: station position differences
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NB: The Gcand Gr solutions were differencedafter havingbrought them to a commonorigin and orientation.

Station position differencesare thus shownup to an unknownglobal translation and rotation.



Gcvs. Gr: summary
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Å wƻōƻǘ Ҧ chambercalibration changes induce:
ς large station+antenna-dependentposition offsets,

ς but smalltime variations.

ς Similarsituation as with usualǊƻōƻǘ Ҧ Ǌƻōƻǘ ǳǇŘŀǘŜǎ

Å If repro3 uses chambercalibrations for groundantennas,
a specificReferenceFrame (IGc14) will needto be defined.
1) Finalizegroundantennapart of repro3 ANTEX

2) Computestation+antenna-specificposition offsets for IGS14 stations

3) LDŎмп Ґ LD{мп Ҍ Ǉƻǎƛǘƛƻƴ ƻŦŦǎŜǘǎ ŘǳŜ ǘƻ Ǌƻōƻǘ Ҧ chambercalibration changes

Å Subsidiaryquestion: Whichis best? Robot or chamber?
ς Are position discontinuitiesdue to antennachanges reduced? Amplified?

ς Are local tie residualsin ITRF combinationreduced? Amplified?

ς To be investigatedΧ



Part 2:

Can we reliably re-estimateGPS satellite z-PCOs
basedon Galileo satellite z-PCOs?
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Re-estimation of GPS satellite z-PCOs

10

Å Can we technicallyre-estimateGPS satellite z-PCOsbasedon
Galileo satellite z-PCOs?

Å Yes:
ς Takea GPS+Galileo normal equation,

ς FixGalileo satellite z-PCOs, hencethe terrestrial scale,

ς GPS satellite z-PCOscanbe solvedfor.

Å But doingso, we implicitly assume that the scaledifference
between GPS-only and Galileo-only solutions is entirely due
to satellite z-PCO inconsistencies.



Re-estimation of GPS satellite z-PCOs
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Å Assume we know the true
satellite z-PCOs.

Å Yet, GPS-only and Galileo-
only solutions yield
different terrestrial
scales, due to, e.g.:
ς Groundantennacalibration

errors

ς Orbit modelingerrors

ς Χ

Å Re-estimatingGPS z-PCOs
basedon Galileo z-PCOswill :
ς Adjust GPS z-PCOs to the Galileo scale

ς Yield wrong GPS z-PCOs

true GPS z-PCO

true Galileo z-PCO

Galileo-derived
scale

GPS-derived
scale

Re-estimated
GPS z-PCO



Re-estimation of GPS satellite z-PCOs
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Å Can we accuratelyre-estimateGPS satellite z-PCOsbasedon
Galileo satellite z-PCOs?

Å It all dependson whether there is no GPS/Galileo scale
differencedue to anythingelsebut satellite z-PCOs, like:
ς Groundantennacalibration errors

ς Orbit modelingerrors

ς Χ

Å How canwe know?
ς Direct verification impossible: scaledifferencesdue to either satellite z-PCO

inconsistenciesor other causes cannotbe separated

ς Look for indirect clues



E5c vs. Gc: station heightdifferences
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NB: The E5c and Gcsolutions were differencedafter havingbrought them to a commonorigin, orientation and scale.
Station position differencesare thus shownup to an unknownglobal translation, rotation and scalefactor.

Å Usingchambercalibrations and E1+E5a, there are systematic
biasesbetween GPS- and Galileo-derivedstation heights.
ς This likely indicatesfrequency-dependenterrors in the chambercalibrations of

someantennatypes.

ς This canbe an issue for the re-estimation of GPS satellite z-PCOs:
ǘƘŜǊŜΩǎno reasonthat thosestation heightbiasesaverageto zero.

ς This isalsoan issue for station positions themselves!



E7c vs. Gc: station heightdifferences
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NB: The E7c and Gcsolutions were differencedafter havingbrought them to a commonorigin, orientation and scale.
Station position differencesare thus shownup to an unknownglobal translation, rotation and scalefactor.

Å The situation seemsa bit better when usingchamber
calibrations and E1+E5b.
ς LikelybecauseE5b is closerto L2 than E5a.

ς RemainingsystematicbiasesbetweenGPS- and Galileo-derivedstation heightscan
howevernot be excluded.


