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GOCE launch took place on
March 17, 2009 at 15:21
with a Rockot

from Plesetsk, Russia



GOCE
first mission of ESA’s
“Living Planet Programme”

first satellite equipped
with a
gravitational gradiometer




GOCE mission goals

Gravity and steady-state Ocean Circulation Explorer

 geoid heights with a precision of 1 cm
e gravity with a relative precision of 1 ppm (1 mGal)
 both with a spatial resolution of 100km (n_..,=200)
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gravitational gradients or gravitational tensor

gravitational tensor

tidal tensor

curvature tensor
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principle of GOCE-gradiometry

GOCE gravity gradiometer
SixX test masses - kept levitated in a capacitive electric field




principle of GOCE-gradiometry

single accelerometer

| | -E [ HH
.| el LU
g : —5\.}'—,! g

- gy .. e n‘ 1
2 S . s 1
: PO ] b . S

| three axes
one axis graqlio_meter
gradiometer consisting of

6 accelerometers



principle of GOCE-gradiometry

gravitational centrifugal part angular
tensor (angular velocities) accelerations

symmetric symmetric skew symmetric



principle of GOCE-gradiometry

error structure of the tensor components
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gradiometer measurement bandwidth (MBW)

GOCE gradiometer error PSD
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GOCE sensor concept

orbit and gravity field determination
using GPS and SLR

newly developed laser
European retro-
GPS-receiver reflectors



GOCE sensor concept

1. First gravity gradiometer in space

2. Extremely low orbit (265 km)

3. Active (proportional) along track drag free control
4. Angular control

5. New material

6. Perfectly quiet environment



GOCE Ground Segment
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GOCE Ground Segment
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GOCE Ground Segment

Key Features

development &

operation by European

GOCE Gravity
Consortium (EGG-C)

EGG-C is a group of
European universities &
institutes with comple-
mentary experience in
gravity field research

significant national &
institutional support

distributed system

independent validation
by overlap of expertise

High Level Processing Facility HPF

Institute of
Astrodynamics and

Satellite Systems, Techn. .

University Delft, The

Netherlands (FAE/A&S) [

Institute of Theoretical
Geodesy, University
Bonn, Germany (ITG)

Astronomical Institute,
University Berne,
Switzerland (AI UB)

Centre Natlonale
d‘Etudes Spatiales,
Toulouse, France
(CNES)

Project Management: Institute of Geophysics,
Netherlands Institute for & University Copenhagen,
Space Research (SRON) [ Denmark (UCPH)

> GeoForschungsZentrum

:‘j;g. Potsdam, Dept. 1 Geodesy

: # and Remote Sensing,
o Germany (GFZ)

Pl & Pro'ect Management:
" Institute of Astronomical
= and Phy5|cal Geodesy

Institute for Nawgatlon and

Politechnico di Milano, | Satellite Geodesy, Graz University
Italy (POLIMI) of Techn., Austria (TUG)



High-level Processing Facility

External Data:
*IGS « IERS

A

Long Term Archive| |Calibration and Monitoring Facilityj*—Payload Data System *ILRS +ECMWF

7y 7y * others

A 4

Central Processing Facility
Rolling Archive, De- and Encoding, XML, Aux. Data Archive, Data Distribution

3000 Scientific Pre-Processing
and External Calibration
*Gradiometer External Calibration
*Corrections for Temporal Gravity
*Data Screening and Data Gaps

4000 Orbit Determination

(kinematic and reduced dynamic)
*Rapid Science Orbits
*Precise Science Orbits

6000 Gravity Modeling

Time-wise Approach

Quick-Look and Precise Solutions:
*SST: Energy Conservation

*SGG: Semi-Anal. & Normal Equations
*Combination by Normal Equations

5000 Gravity Modeling 7000 Gravity Modeling
Space-wise Approach
*SST: Energy Conservation
*SGG: Wiener Filtering

*Combination by fast Collocation

Direct Approach

*SST: Orbit Perturbation

*SSG: Normal Equations
*Combination by Normal Equations

8000 Product Validation and Selection of Final Products
*QL-Validation of Gravity Models
*Precise Validation of Gravity Field Model and Orbits




High-level Processing Facility

GOCE Level 2 Products

EGG_NOM_2

EGG_TRF_2

EGM_GOC_2

EGM_GVC 2

Externally calibrated and corrected gravity gradients in GRF (2 weeks latency)
Corrections to gravity gradients for temporal gravity variations

Flags for outliers, fill-in gravity gradients for data gaps with flags

Statistical information

Externally calibrated gravity gradients in Earth fixed reference frame including error
estimates for transformed gradients
Transformation parameters to Earth fixed reference frame

Final GOCE Earth gravity field model as spherical harmonic series including error
estimates. Target: 1-2 cm / 1 mGal up to degree and order 200 corresponding to
100km spatial resolution.

Grids of geoid heights, gravity anomalies and geoid slopes computed from final
GOCE Earth gravity field model including propagated error estimates

Quality report for final GOCE gravity field model

Variance-covariance matrix of final GOCE Earth gravity field model




High-level Processing Facility

L2 Product Formats

all products available for users from PDGS archive in XML format.

EGG TRF 2 GG format (spacewise) 1 MOP

EGM_GOC 2 | ICGEM (SHC) 1 MOP, Lmax
GRID Mission

EGM_GVC_2 | VCM format 1 MOP, Lmax
Mission




High-level Processing Facility

Example to EGM_GVC_2:

Variance-Covariance-Matrix up to L, ,,=60
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GOCE-HPF documents

GOCE High Level Processing Facility

GOCE High Level Processing Facility
GOCE Level 2 Product Data Handbook

GOCE Standards

GO-MA-HPF-G=-0110

O-TH-HPF-GS-0111 ¢
d n: 0
04 /08 /2008

05/ 0872005

Prepared by: The European GOCE Gravity Consortium Frepared by: The Eurgpean GOCE Gravity Congorfium
EGG-C

ESG-C




GOCE status:

currently in commissioning phase

GPS receiver works fine

star tracker okay

lon thrusters perform well

all 6 accelerometers of gradiometer are healthy
first computed orbits look good

first PSDs from accelerometers look promising
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