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Some aspects of the orbit selection for
the measurement phases of GOCE

Outline of the presentation
» Repeat orbits and gravity field modelling

» GOCE and repeat orbits
»Subcycles
» Temporal evolution
»Small variations in altitude
»Regularity of Earth coverage
»Planned 145-day repeat orbit



Orbital resonances

Orbital resonance R:D takes place, if:

» Groundtracks are exactly the same after
R nodal revolutions and D nodal days

= Equvivalent names: repeat orbit, resonant orbit

= Modelling of gravity field
»Dense enough grid of groundtracks

»Rule of thumb (from Nyquist theorem):
N < R/2
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Orbital resonances and quality of gravity field models
= CHAMP: 46/3, 31/2, 47/3

Passage through strong resonances of recent geodetic satellites
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» August—September 2004
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Example — passage of GRACE through 61:4 resonance

— larger degree error in
gravity monthlies
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Global gravity field models from GOCE and resonances

= Resolution of 100 km — minimum repeat period of 2 months
= Altitude as low as possible — limited by performance of ion thruster

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 subcycle
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Orbital resonances predicted for GOCE (inclination 96.79)
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Temporal evolution of an orbit — with/without a subcycle

978:61/(259.3784 km)
2 T T T | L T LI LI W N LI WL

) — after 20 days ]

= Repeat orbit >
with
— gradually filling up
two large equatorial gaps

977:61/(263.886 km)

_ — after 20 days |

latitude (deg)
L=
latitude (deg)

0 123456780101112
= Repeat orbit | |
with a = after 40 days|
— groundtracks laid down ALY
in two (or more) almost

homogeneous grids

latitude (deg)
L=
latitude (deg)

201 2345678 9101112

2 ] T T . 2 L L L L L
= L — after 61 days G —after 61 days
o 1} 1 : ! o 1F ’ ! ]
QO 0 .................. fa) U AEREE ;: ATRARR
sso.. Omimlresorfnncespredime{l anGOCEtinc!inafiunee.?J -5 ' 1 g ! :
- ST = 1} AR R AR AR RRRAARARERRHRRARELE .;% _1 \ L
= l : . : ; o : . L .
267 _9 ; i ] ; ] _9 ] ; ; ; ;
= o776t ' 012345678 9101112 012345678 9101112
s - e longitude (deg) longitude (deg)
g 264 ,-"/ ]
E 252' 059 237 km E =y
#|1259.387 km)
261 : = } A
820 : 0 60 a'r; wo‘.- 120 Jluo T

repeal peried (nodal days)



Small variations in altitude of repeat orbits
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Exact 61-day repeat orbit 2
» mean altitude 259.38 km
= one peak in histogram
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Analytical vs. numerical modelling

977:61 (J2 theory)

» So far, graphs based on simple theory with

only the zonal term J2 (flattening of Earth) _1E &
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Orhital resonances predicted for GOCE (inclination 96,7 42 theory)
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Orbits near the actual 61-day orbit of GOCE

» Equator with groundtracks after 65 days
» Different mean altitudes

Repeat orbits:
= 61-day (selected for MOP1)
= 41-day subcycle

orbit compared with 61-day

»has groundtrack grid
»is only by

repeat peniod incdal days)

Groundtracks and histogram of ENS of several
5 orbital configurations near 979:61 (NUMINTSAT)
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The 145-day orbit with 62/83 day subcycles

Planned 2327:145 repeat orbit
» node spacing = 17.2 km

Nearest repeat orbits
-day, lower by
-day, higher by

lon thruster performance £50 m

145-day repeat is a good choice
— node spacing at least

for 62-day repeat
for 83-day repeat

Resonant orbits ordered
by height
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Rationale behind fine orbit tuning & conclusmns

70

= Without “good” coverage
even the most sophisticated space instrument
would not produce “good” geopotential coefficients!
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» CHAMP and GRACE experience — ESA sought
for optimally dense and regular groundtrack grid
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= Heights of highlighted orbits: only £180 m,
groundtrack density is extremely different
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» Highlighted orbits also differ in
regularity of their coverage pattern
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Resonance diagram [(i=98.77)

Groundtrack grid of repeat orbit 25516 (235.7 km)
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Animation: Sequence of ,stationary“ groundtrack grids as the altitude of the
satellite is decreasing.

Thank you for your attention

» For details and references, see paper in proceedings
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