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Abstract  Because the design defects (e.g., the orbital altitude could not be substantially
decreased, the measurement accuracy of space-borne instrumentations is unable to be sufficiently
improved, and the isotropic gravity information is incapable of being simultaneously acquired,
etc. ) of the present twin Gravity Recovery and Climate Experiment (GRACE) satellites have
resulted in poor spatial resolution of the Earth’s gravitational field, this study aims to carry out
the feasibility demonstrations regarding the next-generation ACR(Along-Cross-Radial)-Cartwheel
twin-satellite formation for improving the spatial resolution of the Earth's gravitational field by
the intersatellite range-rate interpolation method. The research on improving the accuracy of the
Earth’ s gravitational field by the Radial-Cartwheel and Inclined-Cartwheel twin-satellite
formation has been developed using the short-arc integral approach. The disadvantage of the
short-arc integral approach is that the accuracy of the Earth's long-wavelength gravitational field
is apt to be decreased owing to a shorter orbital arc of about 30 minutes. The different methods of
satellite gravity recovery have different sensitivities to the signal spectrum of gravity field. Unlike
previous recovery methods, we perform the exploratory investigations on optimizing spatial
resolution by the future ACR-Cartwheel-A/B twin-satellites formation based on the six-point
intersatellite range-rate interpolation method.

Firstly, the Earth's gravitational field from ACR-Cartwheel-A/B complete up to degree and
order 120 is precisely recovered using the satellite orbital parameters and the measurement
precision of key payloads from the twin GRACE satellites. The research results show that the
accuracy of the Earth’s gravitational field determination from the next-generation ACR-Cartwheel
twin-satellite formation is averagely improved by 2.6 times than that from the EIGEN-
GRACEO02S model released by the German GeoForschungsZentrum Potsdam (GFZ), which
sufficiently verifies that the next-generation ACR-Cartwheel twin-satellite formation is obviously
better than the current GRACE collinear formation. Secondly, the Earth's gravitational field
complete up to degree and order 120 is accurately measured based on the satellite orbital
parameters (e. g. , orbital altitude of 350 km, intersatellite range of 100 km, orbital inclination of 89° and

orbital eccentricity of 0. 0046), the measurement precision of key payloads (e.g., 100" m « s ' in

! in orbital velocity and 107" m ¢ s™* in non-

intersatellite range-rate, 10" *m in orbital position, 10 " m* s~
conservative force), an observation time of 30 days and a sampling interval of 10 s by the Lo-AR
(Longitudinal-Along-Radial)-Cartwheel-A/B, La-AR (Latitudinal-Along-Radial)-Cartwheel-A/B
and ACR-Cartwheel-A/B twin-satellite formations using the intersatellite range-rate interpolation
method, and the cumulative geoid height errors are 5. 115X 10 " m, 4. 923X 10 'm and 3. 488 X
107" m, respectively. Since the orbital stability of the La-AR-Cartwheel-A/B formation is
superior to the Lo-AR-Cartwheel-A/B formation, the accuracy of satellite gravity recovery from
the La-AR-Cartwheel-A/B formation is higher than that from the Lo-AR-Cartwheel-A/B

formation. Because the ACR-Cartwheel-A/B twin-satellite formation can synchronously obtain
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gravity information in the along-track, cross-track and radial-track directions, satellite observation data

are provided with some strongpoints consisting of homogeneity, isotropy, and so on. On all

accounts, the next-generation ACR-Cartwheel twin-satellite formation will prospectively play a significant

role in producing the Earth gravity field model with higher accuracy and resolution.

Keywords

ACR-Cartwheel formation; Lo-AR-Cartwheel and La-AR-Cartwheel formations;

Along-cross-radial-track observations; Spatial resolution; Orbital element
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Fig.3 Measurement principle of the twin ACR-

Cartwheel-A/B satellites formation
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Fig. 4 Colored noises of intersatellite range-rate, orbital position, orbital velocity and non-conservative force
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Table 3 Statistical results of colored noise from Cartwheel-A/B satellite observations
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Table 4 Statistical results of cumulative geoid height errors from GRACE and ACR-Cartwheel-A/B

R KA KT L /m

20 By 50 Ffr 80 [ 100 B 120 B

TR 4 BA

GRACE 7.606 X101 2.282X10° 1.566 X102 5.756 X102 1.893X 10!

ACR-Cartwheel-A/B 2.117X10* 1.012X10°3 7.643X10°° 3.239X10°?2 1.329X10°!
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Table 5 Statistics of cumulative geoid height errors from different types of Cartwheel satellite formations
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Table 6 A comparison of intersatellite ranges from Lo-AR-Cartwheel-A/B, La-AR-Cartwheel-A/B
and ACR-Cartwheel-A/B twin-satellite formations in the first and thirtieth days
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