
Astronomical Institute University of Bern

1 Astronomical Institute, University of Bern, Switzerland

2 GFZ German Research Centre for Geosciences

3 Institute of Geodesy, University of Stuttgart, Germany

GravityGravityGravityGravity fieldfieldfieldfield mappingmappingmappingmapping methologymethologymethologymethology fromfromfromfrom GRACEGRACEGRACEGRACE

and and and and futurefuturefuturefuture gravitygravitygravitygravity missionsmissionsmissionsmissions

Hotine Marussi 2013, Roma

Ulrich MeyerUlrich MeyerUlrich MeyerUlrich Meyer1111, Christoph Dahle, Christoph Dahle, Christoph Dahle, Christoph Dahle2222, Nico Sneeuw, Nico Sneeuw, Nico Sneeuw, Nico Sneeuw3333,,,,
Adrian JAdrian JAdrian JAdrian Jääääggiggiggiggi1111, Gerhard Beutler, Gerhard Beutler, Gerhard Beutler, Gerhard Beutler1111, Heike Bock, Heike Bock, Heike Bock, Heike Bock1111

Orbit and Orbit and Orbit and Orbit and gravitygravitygravitygravity fieldfieldfieldfield::::
commoncommoncommoncommon versusversusversusversus sequentialsequentialsequentialsequential analysisanalysisanalysisanalysis

source: https://doi.org/10.7892/boris.44131 | downloaded: 13.3.2017

brought to you by 
C

O
R

E
V

iew
 m

etadata, citation and sim
ilar papers at core.ac.uk

provided by B
ern O

pen R
epository and Inform

ation S
ystem

 (B
O

R
IS

)

https://core.ac.uk/display/33070566?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


H
o
ti
n
e
-
M
a
ru
s
s
i,
 1
7
th
-
2
1
s
t
Ju
n
e
2
0
1
3
, 
R
o
m
a

Slide 2 Astronomical Institute University of Bern

� GravityGravityGravityGravity fieldfieldfieldfield and Orbitand Orbitand Orbitand Orbit

� Signal and Signal and Signal and Signal and NoiseNoiseNoiseNoise in in in in monthlymonthlymonthlymonthly modelsmodelsmodelsmodels (GRACE)(GRACE)(GRACE)(GRACE)

� TimewiseTimewiseTimewiseTimewise analysisanalysisanalysisanalysis: : : : thethethethe conceptconceptconceptconcept of of of of LumpedLumpedLumpedLumped
CoefficientsCoefficientsCoefficientsCoefficients

� ResonanceResonanceResonanceResonance

� DiscussionDiscussionDiscussionDiscussion

ContentsContentsContentsContents



H
o
ti
n
e
-
M
a
ru
s
s
i,
 1
7
th
-
2
1
s
t
Ju
n
e
2
0
1
3
, 
R
o
m
a

Slide 3 Astronomical Institute University of Bern

GravityGravityGravityGravity fieldfieldfieldfield and Orbitand Orbitand Orbitand Orbit

GravityGravityGravityGravity fieldfieldfieldfield OrbitOrbitOrbitOrbit

NonNonNonNon----linearlinearlinearlinear parameterparameterparameterparameter
estimationestimationestimationestimation problemproblemproblemproblem

� A priori A priori A priori A priori modelmodelmodelmodel ((((linearizationlinearizationlinearizationlinearization))))

� ObservationsObservationsObservationsObservations

� RegularizationRegularizationRegularizationRegularization (a priori (a priori (a priori (a priori knowledgeknowledgeknowledgeknowledge
via via via via pseudopseudopseudopseudo----observationsobservationsobservationsobservations))))
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A A A A generalizedgeneralizedgeneralizedgeneralized orbitorbitorbitorbit determinationdeterminationdeterminationdetermination problemproblemproblemproblem

CMACMACMACMA

OrbitOrbitOrbitOrbit
a priori a priori a priori a priori 
modelmodelmodelmodel

GravityGravityGravityGravity fieldfieldfieldfield

correctionscorrectionscorrectionscorrections

statestatestatestate vectorvectorvectorvector

stochasticstochasticstochasticstochastic parametersparametersparametersparameters

sphericalsphericalsphericalspherical
harmonicharmonicharmonicharmonic
coefficientscoefficientscoefficientscoefficients
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Signal and Signal and Signal and Signal and NoiseNoiseNoiseNoise in in in in monthlymonthlymonthlymonthly modelsmodelsmodelsmodels (GRACE)(GRACE)(GRACE)(GRACE)

StochasticStochasticStochasticStochastic accelerationsaccelerationsaccelerationsaccelerations::::

60 min, in R,S,W60 min, in R,S,W60 min, in R,S,W60 min, in R,S,W

A priori A priori A priori A priori modelmodelmodelmodel::::

EIGENEIGENEIGENEIGEN----6C6C6C6C

(incl. (incl. (incl. (incl. timetimetimetime----varvarvarvar. d/o 50). d/o 50). d/o 50). d/o 50)

NoiseNoiseNoiseNoise

SignalSignalSignalSignal



H
o
ti
n
e
-
M
a
ru
s
s
i,
 1
7
th
-
2
1
s
t
Ju
n
e
2
0
1
3
, 
R
o
m
a

Slide 6 Astronomical Institute University of Bern

Signal and Signal and Signal and Signal and NoiseNoiseNoiseNoise in in in in monthlymonthlymonthlymonthly modelsmodelsmodelsmodels (GRACE)(GRACE)(GRACE)(GRACE)

ReferenceReferenceReferenceReference::::

EIGENEIGENEIGENEIGEN----6C6C6C6C

ExpectedExpectedExpectedExpected

SurprisingSurprisingSurprisingSurprising!!!!
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S,CS,CS,CS,C----CoefficientsCoefficientsCoefficientsCoefficients

DifferenceDifferenceDifferenceDifference: : : : commoncommoncommoncommon estimationestimationestimationestimation –––– orbitorbitorbitorbit fixedfixedfixedfixed

ExampleExampleExampleExample: : : : MarchMarchMarchMarch 2008200820082008 ExpectedExpectedExpectedExpected

DominatedDominatedDominatedDominated bybybyby noisenoisenoisenoiseSurprisingSurprisingSurprisingSurprising
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DirectDirectDirectDirect –––– SpacewiseSpacewiseSpacewiseSpacewise ---- TimewiseTimewiseTimewiseTimewise AnalysisAnalysisAnalysisAnalysis

� DirectDirectDirectDirect approachapproachapproachapproach::::

generalizedgeneralizedgeneralizedgeneralized orbitorbitorbitorbit determinationdeterminationdeterminationdetermination problemproblemproblemproblem

� arcarcarcarc specificspecificspecificspecific parametersparametersparametersparameters
� modelmodelmodelmodel parametersparametersparametersparameters

� SpaceSpaceSpaceSpace wisewisewisewise approachapproachapproachapproach::::

gridgridgridgrid valuesvaluesvaluesvalues areareareare interpolatedinterpolatedinterpolatedinterpolated fromfromfromfrom observationsobservationsobservationsobservations

=> => => => S,CS,CS,CS,C----AnalysisAnalysisAnalysisAnalysis (integral (integral (integral (integral formulasformulasformulasformulas))))

� Time Time Time Time wisewisewisewise approachapproachapproachapproach::::

observationsobservationsobservationsobservations as as as as timeseriestimeseriestimeseriestimeseries alongalongalongalong orbitorbitorbitorbit

FourierFourierFourierFourier----AnalysisAnalysisAnalysisAnalysis => => => => LumpedLumpedLumpedLumped CoefficientsCoefficientsCoefficientsCoefficients

=> => => => SphericalSphericalSphericalSpherical HarmonicHarmonicHarmonicHarmonic CoefficientsCoefficientsCoefficientsCoefficients
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TimewiseTimewiseTimewiseTimewise approachapproachapproachapproach

� Potential Potential Potential Potential alongalongalongalong orbitorbitorbitorbit

� GravitationalGravitationalGravitationalGravitational observationsobservationsobservationsobservations in in in in satellitesatellitesatellitesatellite
fixedfixedfixedfixed frameframeframeframe

� Orbit Orbit Orbit Orbit perturbationsperturbationsperturbationsperturbations relative to relative to relative to relative to 
referencereferencereferencereference orbitorbitorbitorbit (in (in (in (in satellitesatellitesatellitesatellite fixedfixedfixedfixed
frameframeframeframe))))

� InterInterInterInter----satellitesatellitesatellitesatellite observationsobservationsobservationsobservations

� Time Time Time Time derivativesderivativesderivativesderivatives
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GravityGravityGravityGravity potential potential potential potential alongalongalongalong orbitorbitorbitorbit

InclinationInclinationInclinationInclination
FunctionsFunctionsFunctionsFunctions

LumpedLumpedLumpedLumped CoefficientsCoefficientsCoefficientsCoefficients
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LumpedLumpedLumpedLumped CoefficientsCoefficientsCoefficientsCoefficients: potential: potential: potential: potential

Transfer:Transfer:Transfer:Transfer:
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CoCoCoCo----RotatingRotatingRotatingRotating frameframeframeframe

Earth Earth Earth Earth fixedfixedfixedfixed frameframeframeframe::::

xxxxtttt, , , , yyyytttt, , , , zzzztttt

SatelliteSatelliteSatelliteSatellite fixedfixedfixedfixed frameframeframeframe::::

x = x = x = x = alongalongalongalong----tracktracktracktrack

y = y = y = y = crosscrosscrosscross----tracktracktracktrack

z = radialz = radialz = radialz = radial

GeocentricGeocentricGeocentricGeocentric, , , , rotatingrotatingrotatingrotating frameframeframeframe::::

xxxx‘‘‘‘ || z, y|| z, y|| z, y|| z, y‘‘‘‘ || x, z|| x, z|| x, z|| x, z‘‘‘‘ || y|| y|| y|| y
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Potential => Potential => Potential => Potential => gravitationalgravitationalgravitationalgravitational accelerationaccelerationaccelerationacceleration

Gradient in Gradient in Gradient in Gradient in 
satellitesatellitesatellitesatellite
fixedfixedfixedfixed frameframeframeframe::::

Transfer:Transfer:Transfer:Transfer:
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GravitationalGravitationalGravitationalGravitational accelerationsaccelerationsaccelerationsaccelerations => => => => orbitorbitorbitorbit perturbationsperturbationsperturbationsperturbations

Hill (1878)Hill (1878)Hill (1878)Hill (1878)

EquationsEquationsEquationsEquations
of of of of motionmotionmotionmotion::::

SolvableSolvableSolvableSolvable analyticallyanalyticallyanalyticallyanalytically ((((exactexactexactexact)!)!)!)!

ButButButBut onlyonlyonlyonly validvalidvalidvalid forforforfor circularcircularcircularcircular orbitsorbitsorbitsorbits ((((approxapproxapproxapprox.).).).)

x, y, z relative to x, y, z relative to x, y, z relative to x, y, z relative to circularcircularcircularcircular referencereferencereferencereference orbitorbitorbitorbit (n (n (n (n constconstconstconst.).).).)

PerturbingPerturbingPerturbingPerturbing
potentialpotentialpotentialpotential
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Transfer: Transfer: Transfer: Transfer: orbitorbitorbitorbit perturbationsperturbationsperturbationsperturbations

Transfer:Transfer:Transfer:Transfer:

0000----RESONANCERESONANCERESONANCERESONANCE

NNNN----RESONANCERESONANCERESONANCERESONANCE
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LumpedLumpedLumpedLumped CoefCoefCoefCoef.: .: .: .: AlongAlongAlongAlong----tracktracktracktrack orbitorbitorbitorbit perturbationsperturbationsperturbationsperturbations

SSSSlmlmlmlm, , , , CCCClmlmlmlm dependdependdependdepend on on on on AAAAmkmkmkmk, , , , BBBBmkmkmkmk of of of of samesamesamesame order morder morder morder m

DifferenceDifferenceDifferenceDifference: : : : commoncommoncommoncommon estimationestimationestimationestimation –––– orbitorbitorbitorbit fixedfixedfixedfixed



H
o
ti
n
e
-
M
a
ru
s
s
i,
 1
7
th
-
2
1
s
t
Ju
n
e
2
0
1
3
, 
R
o
m
a

Slide 17 Astronomical Institute University of Bern

LumpedLumpedLumpedLumped CoefCoefCoefCoef.: .: .: .: AlongAlongAlongAlong----tracktracktracktrack orbitorbitorbitorbit perturbationsperturbationsperturbationsperturbations

FrequencyFrequencyFrequencyFrequency < 24 < 24 < 24 < 24 rev/dayrev/dayrev/dayrev/day
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Amplitude Amplitude Amplitude Amplitude SpectrumSpectrumSpectrumSpectrum ((((LumpedLumpedLumpedLumped CoefCoefCoefCoef. . . . dxdxdxdx))))

ResonanceResonanceResonanceResonance
of Transferof Transferof Transferof Transfer

FrequencyFrequencyFrequencyFrequency of of of of 
stochstochstochstoch. . . . 
accelerationsaccelerationsaccelerationsaccelerations
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DiscussionDiscussionDiscussionDiscussion

� StochasticStochasticStochasticStochastic orbitorbitorbitorbit parametersparametersparametersparameters increaseincreaseincreaseincrease consistencyconsistencyconsistencyconsistency
betweenbetweenbetweenbetween a priori and a priori and a priori and a priori and estimatedestimatedestimatedestimated gravitygravitygravitygravity fieldfieldfieldfield....

� AggravatedAggravatedAggravatedAggravated whenwhenwhenwhen correlationscorrelationscorrelationscorrelations areareareare brokenbrokenbrokenbroken....

� WholeWholeWholeWhole S,CS,CS,CS,C----spectrumspectrumspectrumspectrum isisisis affectedaffectedaffectedaffected bybybyby onlyonlyonlyonly fewfewfewfew lowlowlowlow
frequentfrequentfrequentfrequent stochasticstochasticstochasticstochastic accelerationsaccelerationsaccelerationsaccelerations....

� CanCanCanCan bebebebe explainedexplainedexplainedexplained via via via via lumpedlumpedlumpedlumped coefficientscoefficientscoefficientscoefficients bybybyby
timewisetimewisetimewisetimewise analysisanalysisanalysisanalysis....

� CouldCouldCouldCould probablyprobablyprobablyprobably bebebebe usefulusefulusefuluseful to to to to regularizeregularizeregularizeregularize lumpedlumpedlumpedlumped
coefficientscoefficientscoefficientscoefficients ((((insteadinsteadinsteadinstead of S, C).of S, C).of S, C).of S, C).

� IsIsIsIs complicatedcomplicatedcomplicatedcomplicated bybybyby resonanceresonanceresonanceresonance effectseffectseffectseffects in in in in casecasecasecase of of of of 
orbitorbitorbitorbit perturbationsperturbationsperturbationsperturbations and and and and derivativesderivativesderivativesderivatives....


