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PROCESSING
A short overview
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HLSST + SLR

High-low SST:

ü 11 satellites with GPS 

ü accelerometer data used when 

available

ü combination at the normal 

equation level
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Non-dedicated satellite missions for 

time-variable gravity field recovery

Today: 14:30

À

À

À

30.09.2014 4

CHAMP GRACE A GRACE B

GOCE MetOp A MetOp B

TerraSAR X TanDEM-X

Swarm A Swarm B Swarm C



HLSST + SLR

High-low SST:

ü 11 satellites with GPS 

ü accelerometer data used when 

available

ü combination at the normal 

equation level

Details in Zehentner et al: 

Non-dedicated satellite missions for 

time-variable gravity field recovery

Today: 14:30

SLR:

ü9 satellites

ügravity parameters together with 

station coordinates, ERP, geocenter 

and range biases

ücombination at the normal equation 

level
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HLSST + SLR

High-low SST:

ü 11 satellites with GPS 

ü accelerometer data used when 

available

ü combination at the normal 

equation level

Details in Zehentner et al: 

Non-dedicated satellite missions for 

time-variable gravity field recovery

Today: 14:30

SLR:

ü9 satellites

ügravity parameters together with 

station coordinates, ERP, geocenter 

and range biases

ücombination at the normal equation 

level

Details in SoŜnica et al:

Time varying gravity from SLR, 

combined SLR and high-low satellite-

to-satellite tracking data

Today: 14:15
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Data availability
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CHAMP-only
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Combined hlSST 
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Combined hlSST vs SLR
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hlSST + SLR
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Post-processing: old approach

ÅKalman filtering

é allows to handle small numbers of sample (filter warm-up issue).

Kalman filtering

Prediction model

Process noise

Least squares:

trend + mean annual signal
Time series Klm

Filtered time series
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Post-processing: old approach

ÅKalman filtering

é allows to handle small numbers of sample (filter warm-up issue).

é is equivalent to an AR(2) process: filter design is limited.

Kalman filtering

Prediction model

Process noise

Least squares:

trend + mean annual signal
Time series Klm

Filtered time series
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Post-processing: new approach

ÅBandpass filtering

é is possible due to the longer time series (11 years)
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Bandpass filtering

(implemented as double 

low-pass filtering)

Least squares:

trend 

+ quadratic trend

+ mean annual signal

+ mean semi-annual signal

Time series 

Clm,Slm

Filtered

time series
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hlSST + SLR + post-processing
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MASS TRENDS 

AND ANNUAL SIGNALS
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Trends
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ÅTotal change in 

terms of EWH

ÅGaussian filtering 

with 750 km

hlSST-only

hlSST & SLRGRACE CSR



Trends
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ÅTotal change in 
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ÅGaussian filtering 
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