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Fig: scheme of the semi-analytical approach

very effective error assessment

no observation data

constant orbital parameters

constant gravity field

representation in lumped coefficients required

+

+

2114



Semi-analytical approach

rotating Hill-frame
lumped coefficient = 2D Fourier series
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Semi-analytical approach

rotating Hill-frame
lumped coefficient = 2D Fourier series
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f#: specific observable

H;: . transfer coefficients

Kim: gravity field coefficients

circular case: txm = (ki + mA)

error propagation in matrix form:

0, = [(Hh) "B (H5) | = oFim = 1681 030
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Hill differential equation

orbit perturbations in rotating frame:
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= n: natural orbit frequency (n?r® = GM)

m disturbing force = gravity gradient in rotation frame
= (cross-track) inclination function F(/) (F, (D)
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Transfer coefficients of orbit perturbations

Transfer coefficients of particular solution:
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Pendulum constellation

m 2 satellites on circular orbits
m same inclination / and radius r
m different ascending node AQ

m ‘time lag’ AM between
satellites

= observation: range, range rate, range acceleration

= time dependent opening angle
(= along-track and cross-track observations)
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Range rate pertubation
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planar approximation

Ap(t) = (Axg — AxXa) COS A+(Aya—Ayp) Sin \+(Azg+Azy)sing
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Orit perturbations

Ap(t) = (Axg — Axa) cos A+ (Aya — Ayg) sin A
+ (Azg + Azp) sind
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Orit perturbations

Ap(t) = (AXB = AXA) COS A\ + (AyA = AyB) sin A
+ (Azg + Azy) sinf
components:
Axg — Axp = Z HAX <ez(ﬁmkAM+mAQ) _ 1) K, et

I,m,k

Ayn—Dys =Y Hpk (1 _ ez(ﬁmkAMmAﬂ)) K, et
I,m,k

Azp + Azg = Z HAZ <el(6mkAM+mAQ) + 1) Kim oWkmt
I,m,k

With Bk = k + m%
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Time-variable orbital elements
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Fig: time variable components for px = py max = 141km (A = 45°)
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= numerical FFT
m recursion formula (elliptic integrals)
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Transfer coefficients of the pendulum formation

Ap(t Ap(t)x Ap(t) Ap(t)z .
H,mj;() H,mg” + Hpl” H,mf,” with
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Effect of Fourier series

K
. AX . .
terms like kl; KAk/ Him(o—k) describe a convolution

Fig: non-zero elements of transfer matrix for degree / = 60, m = 20,
K =9 (blue: GRACE, red+blue: pendulum))
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Formal error for range rate

fomal o = 30"
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Fig: B/a = 490/31, pmax = 200km, h = 308 km
and psd =5-10"°m/s?/v/Hz

anisotropy (range rate)
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= most homogeneous error pattern for A ~ 30°

m smallest formal errors 30° — 45°
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Formal error for range acceleration

anisotropy (range acceleration)
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Fig: 8/ = 490/31, pmax = 200km, h = 308km
and psd = 10" % m/s?/vHz degree

150

= most homogeneous error pattern for A ~ 45°
= smallest formal errors 45° — 60°
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Summary

(optimistic) error assessment by semi-analytical approach

orbit perturbations via Hill differential equation
special problem: time-dependent opening angle
m Fourier series (with closed formulas)

m convolution

optimal angle depends on observation type
spectral pattern of minimal formal error for

= low degree
= near sectorials
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