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Accelerometer data l Star tracker data
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’ 3 star trackers Level 1b processing l
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New EGG_NOM_1b data
« Calibrated accelerations
« Attitude quaternions

« Angular rates

« Gravity gradients

!

) 6 accelerometers Level 2 processing |

» Gravity field models
« Thermosphere density & winds

Introduction
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GOCE gradiometer Level 1b processing @k eSa

Each accelerometer measures in the rotating gradiometer frame

(V _ O2
a; —/1(V Sf) Q\)'P,;{\ Non-gravitational
Gravity gradient _ Position with respect to
Centrifugal Euler center of mass

r A
(radial)

X €
(along track)

Y
(cross track)
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GOCE gradiometer Level 1b processing @k eSa

Each accelerometer measures in the rotating gradiometer frame
— e Y
a;i=—(V-@-Q)ri+de Non-gravitational

Gravity gradient /C1 ' .ff I E I \ Position with respect to
entritugal  Euler center of mass

Disaggregate (ij = 14, 25, 36) ,
a.; =(a;+a;)/2=d rai; = (r; —1;)/2 (radial)
adij = (@i — a;)/2= —(V — Q° = Q)ry;

X € 4
(along track)
X
(cross track)
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GOCE gradiometer Level 1b processing \\\&\;esa
Each accelerometer measures in the rotating gradiometer frame
— — 02 _O\r.
@i _/1(V S; Q\)r,;}-d\<\ Non-gravitational
Gravity gradient Position with respect to

Centrifugal Euler center of mass
Disaggregate (ij = 14, 25, 36)
a.; = (a;+a;)/2=d Taij = (Ti — 75)/2
asij = (@i — a;)/2 = —(V — Q* — Q)ra;
AR+ (AR = —2(V — Q) Aj=lags aaps gl
AR} — (AR =29 Ry = [rais Taxs Tassl
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GOCE gradiometer Level 1b processing @k eSa

Each accelerometer measures in the rotating gradiometer frame

— 02
a;=—(V-Q° - Q)T%'*'d‘\ Non-gravitational

Gravity gradient /C1 ' .ff I E I \ Position with respect to
entritugal  Euler center of mass

Disaggregate (ij = 14, 25, 36)
a.; = (a; +a;)/2=d Taij = (i — 7;)/2
aq; = (a; —a;)/2=—(V — Q° — Q)74

AR+ (AR = —2(V - Q) Aj=lags aaps gl
ARy - (AdR; I)T = 2% X R; = ["‘d14 T'd25 7'436]

Combine with star tracker data
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GOCE gradiometer Level 1b processing

{cesa

Calibration
parameters
(AUX_ICM_1b)

Nominal acceleration
(existing EGG_NOM_1b)

Quaternions and flags

(STR_VC2_1b, STR_VC3_1b)

7 y

EGG calibration (shaking)
- Taylor point for science calibration

v

EGG gross outlier removal

N

v

STR preprocessing
- Resampling to EGG epochs

STR temperatures
(AUX_NOM_1b)

Orientation of STR units
(AUX_EGG_DB)

¥

STR calibration
- Correct relative STR biases

Satellite positions
(SST_PSO_2)

GRACE gravity field model
(ITSG-Grace2014s)

\

i

Angular acceleration reconstruction i Model gravity gradients

STR combination

Vv v

Gradiometer arm lengths
(AUX_EGG_DB)

v

—>

EGG calibration
- Update parameters from shaking
- Correct quadratic factors

2

Angular rate reconstruction

EGG calibration (science)

l

Gravity gradient calculation
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- Combine EGG and STR angular rates

<STR misalignment correction

- Correct EGG-STR misalignment

v

New EGG_NOM_1b

+ Calibrated accelerations
+ Attitude quaternions

* Angular rates

» Gravity gradients

!

< Attitude reconstruction

= == OH 11

Nz ~
K O mm Ivl

ESA | 13/04/2018 | Slide 7

European Space Agency



GOCE gradiometer Level 1b processing

Calibration Nominal acceleration

{cesa

Quaternions and flags
(STR_VC2_1b, STR_VC3_1b)

STR preprocessing

parameters
(AUX_ICM_1b)

(existing EGG_NOM_1b)

“EGG calibration (shaking)

STR temperatures
(AUX_NOM_1b)

Orientation of STR units
(AUX_EGG_DB)

STR calibration

- Resampling to EGG epochs

- Taylor point for science calibration

- Correct relative STR biases

Satellite positions
(SST_PSO_2)

EGG gross outlier removal

GRACE gravity field mod
(ITSG-Grace2014s)

T, \

i

y v

STR combination

Vv v

-—3 EGG calibration

- Update parameters from shaking
- Correct quadratic factors

Gradiometer arm lengths
(AUX_EGG_DB)

v
v

Angular acceleration reconstruction i Model gravity gradients<
STR misalignment correction

Angular rate reconstruction
- Combine EGG and STR angular rates

EGG calibration (science)

- Correct EGG-STR misalignment

v

!

New EGG_NOM_1b

+ Calibrated accelerations
Attitude quaternions
Angular rates

<

Attitude reconstruction

] » Gravity gradients
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GOCE gradiometer Level 1b processing

Calibration

{cesa

parameters
(AUX_ICM_1b)

Nominal acceleration
(existing EGG_NOM_1b)

Quaternions and flags

(STR_VC2_1b, STR_VC3_1b)

7 y

EGG calibration (shaking)
- Taylor point for science calibration

v

EGG gross outlier removal

N

v

STR preprocessing
- Resampling to EGG epochs

STR temperatures
(AUX_NOM_1b)

Orientation of STR units
(AUX_EGG_DB)

STR calibration
- Correct relative STR biases

Satellite positions
(SST_PSO_2)

GRACE gravity field mod
(ITSG-Grace2014s)

m

\

i

Angular acceleration reconstructio

v
n Model gravity gradients

Gradiometer arm lengths
(AUX_EGG_DB)

v

EGG calibration (science)

GG calibration
- Update parameters from shaking
Correct quadratic factors

l

Gravity gradient calculation
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Angular rate reconstruction
- Combine EGG and STR angular rates

v

New EGG_NOM_1b

+ Calibrated accelerations
+ Attitude quaternions

* Angular rates

» Gravity gradients
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EI”
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STR combination

STR misalignment correction
- Correct EGG-STR misalignment

!

Attitude reconstruction
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Gradiometer calibration: Observation equations \:

1
Y GRACE model _ —§(AdR;1 + (AR + 9
. 1
Qstar trackers /Q dt = —2 / AR — (AR dt

Qcij = Qckl
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Gradiometer calibration: Observation equations \\\&‘\gesa
VGRACE model __ —%(Angl + ( —1)T + 92
A3

S

Weakly non-linear LN
through attitude .

Non-linear via
angular rates

S
: 1
Qstar trackers __ /th — _5 Ade 1 (Ade 1)T dt
Qcij = Qckl
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Gradiometer calibration: Observation equations \G

vz
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VGRACE model _ —%(Angl + ( —1)T + Q2

w
S

Weakly non—Iinear\\ Non-linear via
through attitude o angular rates

S 1
Qstar trackers __ /th — _5 / Angl . (Angl)T dt

Qcij = Qckl

Use observations from science mode (as opposed to shaking mode)

1 day 2 months 1 day 2 months
shaking mode science mode shaking mode science mode
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Gradiometer calibration: Model parameters
For each gradiometer arm (ij = 14, 25, 36) per two months:
aqgij| | Cij Dijl| |aa K; K, a; Waij | .
[acij] - [Dij Cz'j] |:&cz'j] i [Kz —K; CAL? i Wi “
/ 18 quadratic factors

Inverse calibration matrices (ICMs): 18 angular couplings
54 parameters + 54 parameter drifts

3 misalignments between
gradiometer and star trackers
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[adz’j] _ [Cij Dz’j] [ddij]
Qcij D;; Cij| |aQcij

[

Inverse calibration matrices (ICMs): 18 angular couplings
54 parameters + 54 parameter drifts

18 quadratic factors

3 misalignments between
gradiometer and star trackers

ESA UNCLASSIFIED - Releasable to the Public ESA | 13/04/2018 | Slide 14

— 01 he =™ 4 == "Il D - m Il = S= K1 R im I¥ European Space Agency



Gradiometer calibration: Stochastic model \\\&Eesa

Welch’s method for estimating the PSD where median replaces the average for robustness

Additional band-pass filter 0.8—10 mHz
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Results

16 March - 22 May 2012

- Towards the end of mission lifetime, but not yet at lower altitude

Compare GOCE gradients with GRACE model (ITGS-Grace2014k)

- For maps: band-pass filter to 1-10 mHz, in which most systematic effects could be removed
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Results \\Wi €Sd

Vxx, ascendlng tracks, 1-10 mHz, 16- Mar-2012 22 May-2012 12 Vyy, ascending tracks, 1-10 mHz, 16-Mar-2012 - 22-May-2012
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Vxx, ascending tracks, 1-10 mHz, 16-Mar-2012 - 22-May-2012
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Vyy, ascending tracks, 1-10 mHz, 16-Mar-2012 - 22-May-2012
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Vxz, ascending tracks, 1-10 mHz, 16-Mar-2012 - 22-May-2012
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Results {cesa

16-Mar-2012 - 22-May-2012
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Results {cesa
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Results {cesa
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Results
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Summary and Conclusions

Almost entirely new L1b processing implemented

Completely new calibration in science mode, including new parameters
- Quadratic factors

- Angular couplings

Quadratic factors are very important to take into account

- Vyy drastically improved in regions around geomagnetic poles
- Vxx during first orbit lowering drastically improved

All gradients improved at low frequencies (smaller than 5 mHz)

Impact on GOCE gravity field models - presentation by Jan Martin Brockmann
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