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Questions

A Ideally, g S Qe repro3:
¢ toincludeGalileo
(which currently implies switchingfrom robot to chambercalibrations forgroundantennag

¢ to haveits terrestrial scalebasedon Galileo satelliteantennacalibrations
(which impliesre-estimatingGPS satellite-PCOdasedon Galileo satellite 22CO¥

¢ not to upsetZuheir
(or other usersof IGS station position timserieg

A Sowe needto wonder:
¢ 2 K| th&itpact ofswitchingfrom robot to chambercalibrations on station positions?
¢ 2 K| ih@itpact ofincludingGalileo on station positions?
¢ Canwe reliably re-estimate GPS satellite-PCO$asedon Galileo satellite 2CO8



Testdataset

A 2017-2018reprocessingyy ESAthankd) includingthe
following daily solutions:

GPSonly Galileconly GPS+Galileo
Gr Gce ESr E5c E7r E/7/c | GE5r| GE5c| GE7r| GE7c
GPS L1+L2 L1+L2 - - - - L1+L2 L1+L2 L1+L2 L1+L2
Galileo - - El1+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.

A A priori satellite zPCOdrom igsl4.atx, i.e.:
¢ ITRF2014calebasedfor GPS satellites <
¢ from GSA calibrations for Galileo satellitege™
¢ but satellite zZPCOsncludedin SINEX files)encere-estimable

inconsistent

A Thanksaswell to CODE and GFZ fibreir efforts!

¢ Didnot have time to lookat/ h 5 2A2&2018repro in detail yet, but will!
¢ Someunresolvedissueswith D C Y2aek sample



Part 1.

LYLJ OGO 2 danb@&dalbratioribhanges
on GP$&only station positions
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Gcevs. Gr: longterm stackingresiduals
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Gcevs. Gr: station positiordifferences
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NB TheGcand Gr solutionsvere differencedafter havingbroughtthem to a commonorigin and orientation.
Station positiondifferencesare thus shownup to anunknownglobal translation and rotation.



lordifferences

station posi
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NB TheGcand Gr solutionsvere differencedafter havingbroughtthem to a commonorigin and orientation.

Station positiondifferencesare thus shownup to anunknownglobal translation and rotation.



Gevs. Grisummary

A w2 0 2 chanibgercalibration changesnduce

¢ large stationsantennadependentposition offsets,
¢ but smalltime variations.
¢ Similarsituation aswithusualN2 6 2 0 Ih NR o620 dzLJRI (0S4

A If repro3 useschambercalibrations forgroundantennas

a specificReferenceFrame (IGcl4yill needto be defined.
1) Finalizegroundantennapart of repro3 ANTEX

2) Computestation+antennaspecificposition offsets for IGS14 stations

3) LDOmMn I LD{mn b LI aAchanbgfcalbratbricbanges R dzS

A Subsidiaryguestion: Whichis best? Robot ochamber?
¢ Are positiondiscontinuitiesdue to antennachangeseduced? Amplified?
¢ Are localtie residualsin ITRFeombinationreduced? Amplified?
¢ TobeinvestigatedX
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Part 2:

Canwe reliably re-estimate GPS satellite-PCOs
basedon Galileo satellite Z#CO8



Reestimation of GPS satellite-PCOs

A Canwe technicallyre-estimate GPS satellite-PCO$asedon
Galileo satellite 22CQO8

A Yes

¢ Takea GPS+Galileo normatjuation,
¢ FixGalileo satellite ZPCOshencethe terrestrial scale
¢ GPS satellite-PCO<ganbe solvedfor.

A Butdoingso, we implicitly assumethat the scaledifference
between GPSonly and Galileconly solutionsis entirely due
to satellite zPCQnconsistencies
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Reestimation of GPS satellite-PCOs

A Assumewe know the true
satellite zPCOs

A Yet GPSonly and Galileo
only solutionsyield
different terrestrial
scales due to, e.g.:

¢ Groundantennacalibration
errors

¢ Orbit modelingerrors
¢ X

A ReestimatingGPS #£COs

basedon Galileo Z2PCOswill:

¢ Adjust GPS-PCOs to the Galileo scale
¢ Yield wrong GPSRCOs

true GPS #£CO

\ Reestimated

true Galileo zPCO

GP&derived
scale

Galileoderived
scale

GPS#CO
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A

A

Reestimation of GPS satellite-PCOs

Canwe accuratelyre-estimate GPS satellite-PCOdasedon
Galileo satellite 22CQO8

It all dependson whether there isno GPS/Galilescale

differencedue to anything elsebut satellite zPCOslike:
¢ Groundantennacalibrationerrors

¢ Orbit modelingerrors

¢ X

How canwe know?

¢ Directverification impossible:scaledifferencesdue to either satellite zPCO
inconsistencie®r other causesannotbe separated

¢ Look for indirect clues
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E5c vsGc station height differences
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NB: The E5c an&csolutionswere differencedafter havingbroughtthem to a commonorigin, orientation and scale
Station positiondifferencesare thus shownup to anunknownglobal translation, rotationand scalefactor.

A Usingchambercalibrations and E1+E5#here are systematic

biasesbetween GPSand Galileederived station heights

¢ Thislikely indicatesfrequency-dependenterrorsin the chambercalibrations of
someantennatypes.

¢ Thiscanbe an issue for thae-estimation of GPS satelliteePCOs
(i K S NdBe@sonthat those station height biasesaverageto zero.

¢ Thisisalsoan issue for station positionthemselves
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E7c vsGc station height differences

NB: The E7c an&csolutionswere differencedafter havingbroughtthem to a commonorigin, orientation and scale
Station positiondifferencesare thus shownup to anunknownglobal translation, rotationand scalefactor.

A The situationseemsa bit better when usingchamber

calibrations and E1+E5b.

¢ LikelybecauseESbis closerto L2than E5a.

¢ Remainingsystematicbiasesbetween GPSand Galileederivedstation heightscan
howevernot be excluded
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