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Analytical vs. numerical modelling

= So far, graphs based on simple theory with
only the zonal term J2 (flattening of Earth)

= What happens when

all other orbital perturbations
(geopotential, lunisolar, tides, radiation, ...)
are added?

~Peaks in histograms widened

~Repeat characteris kept

~Earth coverage graphs almost the same
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Global gravity field models from GOCE and resonances

= Resolution of 100 km> minimum repeat period of 2 months

Strong 16:1 resonance must be avoided for the measurement phases

We studied two candidate 61-day orbits providing dense enough sampling:
= higher orbit with no subcycles
= lower orbit with 30-day
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Orbits near the MOP1 61-day orbit of GOCE

= Equator with groundtracks after 65 days s (U

& orbital configurations near 97961 ANUMINTSAYD
* Different mean altitudes fo—~—Cv—xy
E 0 20 40 60 80 100120 140160180 200
i e e—ava——ta—
. -2 61
Re =LA 5 020 40 60 80 100120 140 160 180200
= 61-day (selected for MOP1) fos
go T T 41
-41.day wbmle k] nu 20 40 60 80 100120 140 160 180 200
« 622y orbit compared with 61-day i e e wnen ween wen
. oo v E 0 20 40 60 80 100120140160180200
rhas more regular groundtrack grid @os
i i $¥r T~ ——<x
>is only by 200m higher 5 %0 20 40 60 80 100720 140160180200
longitude on equator (km)
8§ 120 _—gzgz
£ J—st+
§ 80| —254.95
5 60
é 40
Z 2
™ 30 40 50 60 70 80

uquncril\ node separation (km)

EXPAESSION 0F INTREST 10K T

LOPVENT OF \ PARIS
KT DRMON TRATOR “Team Members.

. |
e T e —
Ty |

T it

space gradiometer
electric propulsion system

Otita rosonances predicted for GOCE (inclnicn 96 7% 2 thecry)

%
g

2021day : 41-day
subcycles ! subcycle
20 %

40 45
epeal period (noddl days)

O rescnancesradn oy 0OCE et 87 nm-um

06

o

204

mean aittude (k)

Resonant orbits ordered by e
[

k)
255,082

@ @ w0
ropuat period (nocal days)

PARIS (PAssive Reflectometry and Interferometry System),

irgth

BBy )
\ e/

PR
Earth (h = ocean height)

Orbiaresenances of & satelle of enus (=62 7 deg)

0
opes oicd ol oy

 asoffuons
¢
3
1 s s bt Vo <227
§ mop o BT T
BT g .
o =
H e
g
[ : we T TR
4 g - o o
£ o kR -
e T IS
L s i
T

Ottta resonances preccted for GOCE {eliation 96 72 J2theary)

b Wire
rils IR
N E..i;gg " IR R e ! i
5;4 555{“‘55 M HHT it
: T H T TTTITT P
] it HHHHIT §a§; |
S &
2 b planned
i TR Sratay
T !j!! ,EH A EH L P
X i;! L s =
Y TN e
!’ii i 13 [] ooy
E it Th %i B H 52~:av
= Tooetday Y 1 omit
subcycle | §
3 0

« 5
tepet penos (nodd dys)

Temparal evolution of an arbit ~ with/without a subcycle

= Repeat orbit ) [57861k250.9784 k)
Wwith po subcycles R R = altor 20 days]|
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GOCE’s “second mission”

e om Ol eens o GOCE i GOCE_conm, e sy
ESA'sEarth Scientific Advisory BT ch R0 B 20

Committee recommended lowering the =
orbit to 235 km starting in August 2012. 8 H 7
4 £ |
3 z
» Lowering the orbitincreases the £ o) & o
accuracy and resolution of GOCE's H -

measurements, improving the quality of AT A

the gravity model.
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= The expected increase in data quality is 3
so high that scientists are calling it |3
GOCE's 'second mission." 3
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(Http:/Awsesa.int/Our_Activities/Observing._the_Earth/GOCE_s_second._mission_improving_gravity_map)
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Ortitalrescnances of asatelite of Mercury (<927 deg)
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Small variations in altitude of repeat orbits

Exact 61-day repeat orbit 3 mx

= mean altitude 259,38 km
= one peak in histogram e

Height lower by 50 m
= grid not regular after 61 days
»infact, 91-day repeat

30-day subcycle
= mean height lower by 150 m
= inacoeptable for GOCE
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Fine orbit tuning of GOCE

a) we started from the >60d with the need to
control performance
b) gradually we got to know VERY WELL our baby and could control very finely
) therefore focus was glven malnly on Wlng as low as possible by more pro-active risk
and the satellites

the GOCE orbit

GOCE (20122013)

L 7 979:61 €254.9 km, Nov2009-Aug2012
250) 997:62 €246 km, 1 cycle Sep/Oct2012
1079:67 €240 km, 1 cycle Dec2012/Jan2013
25|

1177:73 6235 km, 1 cycle Mar/Apr2013
2311:143 €223.9 m, from June 2013
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Basic dynamic parameters of the Earth
and other bodies of the solar system
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