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Abstract : Based on the C-W equation, several satellite formations are described, including
GRACE-type, Pendulum-type, Radial Cartwheel-type and GRACE-Pendulum-type. The relative
motion among the satellites in different formations is studied with simulation experiment, the
characteristics of each formation on measuring gravity field is analyzed, and the conclusion was
useful for designing a new generation gravity satellite mission. The result shows that, compared
with GRACE-type, the other satellite formations offer an improvement of 9% ~65% in precision of
the gravity field. Balanced multi-directional observations may be the best way for gravity field
solution, radial observables are the main source of gravity field information, and the north-south
Radial Cartwheel-type is much more suitable for higher-degree gravity field solution. Along-track
observation among formation-satellites has the worst accuracy at the sectorial coefficients,
while cross-track observations influence the accuracy of zonal coefficients. The combination of
radial-track observation with multi-directional observations is the best way to derive the
isotropic gravity field coefficients.

Key words :satellite formation;gravity field inversion;multi-directional observations;gravity
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Tab.1 Keplerian orbital parameters for different satellite formations

GRACE-type

Pendulum-type

W
=

GRACE A GRACE B difference Pen. A Pen. B difference
a/km 6728.137 6 728.137 Aa=0.0 6 728.137 6 728.137 Aa=0.0
e 0.001 0.001 Ae=0.0 0.001 0.001 Ae=0.0
i/ 89.0 89.0 A7 =0.0 89.0 89.0 A7 =0.0
a/¢) 0.0 0.0 A2 =0.0 0.0 0.75 A2=0.75
w/ (%) 0.0 0.45 Aw=0.45 0.0 0.0 Aw=0.0
M/ 0.0 0.4 AM =0.4 0.0 0.4 AM=0.4
Cartwheel-type
HiE .
Cartwheel 1 R VG2 [7] Cartwheel 2 B [
ZH difference
R.w.1A R.w.1B R.w.2A R.w.2B
a/km 6 728.137 6 728.137 6 728.137 6 728.137 Aa=0.0
e 0.003 7 0.003 7 0.003 7 0.003 7 Ae=0.0
i/ 89.0 89.0 89.0 89.0 Ai=0.0
/¢ 0.0 0.0 0.0 0.0 AN =0.0
w/ (%) 0.0 — 180 270 90 Aw =180
M/ 90 —90 90 —90 AM =180
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Tab.2 Statistics of geoidal heights of different gravity solutions at degree n =60,90,120 mm
X n=>60 n=90 n=120
RMS RoME RORME RMS R/AME RORE RMS  H/ME Bk
GRACE-type 0.371 —2.006 1.944 1.477 —7.104 7.658 6.633 —41.971 36.951
Pendulum-type 0.333 —1.399 1.426 1.142 —5.231 5.489 4.977 —27.102 23.603
n-s-Cartwheel-type 0.211 —0.959 1.058 0.789 —3.879 4.436 3.317 —21.692 17.946
e-w-Cartwheel-type 0.243 —1.049 1.629 1.173 —8.203 9.280 6.058 —45.090 41.841
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Fig.2 Static gravity field solutions of formation at different degrees, left:n =60, middle:n =90 and right:n =120.Solid lines
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present the cumulative geoid errors
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