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Abstract. The purpose of quick-look analysis in the frame- An adequate quality assessment of the observation time
work of the GOCE data processing architecture is to analyseeries is a crucial component for reaching the mission goals.
partial data sets of satellite gravity gradiometry (SGG) andThe purpose of quick-look analysis is to analyse partial data
satellite-to-satellite tracking in high-low mode (hl-SST), in sets of SGG and hl-SST data, in order to derive a diagnosis
order to derive a diagnosis of the system performance. Thef the GOCE system performance. The quick-look analy-
semi-analytic (SA) method for gravity field recovery from sis will be performed in parallel to the mission, and succes-
GOCE observations, which is based on Fast Fourier Transsive preliminary gravity field models are computed in short
form, is used. From a theoretical point of view, a numbertime intervals based on the partial SST and SGG data. The
of requirements (circular, exact repeat orbit, uninterruptedmajor goal is to detect potential distortions of statistical sig-
measurement time series) have to be fulfilled. However, innificance (e.g. systematic errors), and to give a feedback to
the present paper it is demonstrated, that the SA approaciission control with a minimum latency after the actual mea-
can also be applied in the practical case of non-circular, nonsurements.
repeat orbits, and data gaps in the GOCE measurement time
series. The performance of this approach is assessed in 5 caseThis can be achieved by several strategies. Either the suc-
studies on the basis of a realistic closed-loop simulation.  cessively produced gravity field solutions are compared with
an a priori defined reference model, where in a statistical
test procedure the corresponding variance/covariance infor-
mation is included. Another strategy is the spectral analysis
of the residuals of the adjustment (Pail, 2002) and the com-
parison with the a priori known error power spectral density
1 Introduction (PSD) of the gradiometer, again based on standard statistical
tests, and the estimation of variance components.

The satellite mission GOCE (Gravity field and steady-state
Ocean Circulation Explorer; ESA, 1999), the first Core Mis-  The quick-look analysis tool is based on the semi-analytic
sion of ESAs Earth Explorer Program, strives for a high- approach, a fast algorithm for gravity field recovery from
accuracy, high-resolution model of the Earth’s static gravity SGG and SST observations, using the sparseness of the nor-
field, represented by spherical harmonic coefficients com-mal equation matrix and a number of additional simplifying
plete up to degree and order 300, which corresponds to @ssumptions (e.g. circular orbit, exact repeat orbit, uninter-
shortest spatial half-wavelength of less than 70 km. rupted measurement time series). In the present paper we
The GOCE measurement system is based on a sensor fgoncentrate on strategies to overcome these restrictions in
sion concept: satellite-to-satellite tracking in the high-low Practical application. Special concern is given to strategies
mode (hl-SST) using GPS, plus on-board satellite gravity!0 cope with the colored noise behaviour of the gradiometer.
gradiometry (SGG). This data contains abundant information
about the gravity field of the Earth on a near-global scale (ex- The performance of the quick-look tool is assessed on the
cept for the polar gaps due to the sun-synchronous orbit conbasis of a realistic GOCE mission simulation, regarding the

figuration), from very low (derived mostly from hl-SST) to accuracy of the results, and special concern is given to the
high (derived mostly from SGG) frequencies. minimization of the computation effort. The numerical sim-

ulations include a realistic colored noise model and the prob-
Correspondence tdR. Pail (pail@geomatics.tu-graz.ac.at) lem of partial data sets and data gaps.
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2 Functional model time series, are incorporated by means of an iterative pro-
cedure. Since this approach partially works in frequency
While in the direct gravity field solution strategies the ob- domain, it provides a direct access to the spectral instru-
servations are regarded as functions of the geographical loment characteristics, which can be implemented in the pro-
cation, they can also be considered as a periodic time secessing stream in a very direct and easy way. The spectral
ries for one repeat period (cf. Rummel et al., 1993; Sneeuwgradiometer properties can be described by the frequency-
2000). Assuming a circular orbit, the gravitational potential dependent error variances,,, which are included as a diag-
V and also second order derivativéss can be rewritten as  onal variance-covariance matrix of the pseudo-observations
a Fourier series Akm, Bum in the course of the adjustment of the harmonic

Vap(t) = Z Z[Akm COSYim (1) + Bim SiNYim ()] (1) coefficients.
m  k

whereyy, (1) is related to the two fundamental frequencies 3 Numerical simulations and results

w, (satellite orbit revolution) and, (Earth’s rotation).

The spherical harmonic coefficient,,, S;,, of the same
orderm are lumped together in a linear way to compose the
Fourier coefficientsiy,, and By,,:

The numerical test simulation is based on the following con-
figuration:

— Orbit: non-circular, sun-synchronous 61 days/982 revo-

Aty = lutions repeat orbit with a mean altitude of 250 km.
GM e (R p) Cn | ™™ EVEN — Measurement time series (eithér, or all 3 main diag-
R Z (7) Mg Fim (1) { —Sim } dd @) onal elementd,,, V,,, V.. of the gradiometer tensor)
I=tmin [2] fmm 0 with a sampling interval of 10 s.
— Signals based on the Earth model OSU91a (Rapp et al.,
Bim = 1991) complete up to degree and order 72.
GM  max R\/HL wh) = S I-m even o _ _ _
hudnil Z <—> A Fp, (1) { c } (3) — Realistic colored noise according to the Alenia (2001)
R I=lpin [2] Im}i—m odd specifications, generated by an auto-regressive moving
average (ARMA) process (cf. Schuh et al., 1996; Pail
where Fl’jn(l) denotes the inclination function, which de- and Plank, 2002).

pends on the orbit inclinatioh. The spectral transfer coef-

ficients:.*” express the relation between the spherical har- For the sake of consistency a test data set containing sig-

monicsCy, Sim and a specific observablés. nals complete up to degree and order 72 is used throughout
In this SA approach (also frequently denoted as time-the paper, bepause the major !ntentlon was to_ demon'strate

wise approach in the frequency domain) in the first Stepthe effect Qf different conflgura.tlons on the gra\(lty solution.

the Fourier coefficients (‘lumped coefficientst),,, B, are However, it should be emphasized, _that the quick-look soft-

computed by FFT techniques, and in the second step th¥/are was already successfully applied to systems up to de-

harmonic coefficient€),, S are adjusted order by order 9re€ and order 250.

from the pseudo-observatio , Brxm, assuming a block- . .

diagonal IZtructure of the nozﬁgll eéglation systegm. Ina strict3'1 Case Study 1. Radial componeéfat —no noise

sense, this algorithm only holds for In the first case study, the method was first applied to “perfect

measurements”. The ground-track of the orbit closes exactly,
and the simulated gradiometer measurements of theom-

an uninterrupted sequence of observations

— with constant sampling rate, measured ponent contain no noise. Figure 1 shows the convergence be-
_ haviour of the SA method in terms of the deviations of the
— along a circular, estimated coefficients from the initial ‘true’ OSU91a model

represented by a degree rms

exact repeat orbit.
) _

The number of nodal dayNr and orbital revolutions a9 =

per repeat cycléVg must not have a common divisor, 1 i

and

~ ~(0SU G c(oOSU
[(Cl(rfzs,ti) - Cl(m ))2 + (Sl(rils,li) - Sl(m ))2] (4)

21+1 —~
— for the maximum resolvable harmonic degree holds: ) ) _
Lnax < No/2. for the firsti = 1,...17 iterations. Hergest) denotes the
adjusted quantities and SU) refers to our reference model
Deviations from these requirements, such as non-circula©SU91a. Figure 1 demonstrates, that the computation con-
orbits, non-repeat orbits, or data gaps in the measurementerges to the level of the numerical accuracy, and the final
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Fig. 1. Proof of concept¥,; signals, no noise superimposed. Fig. 2. Noise PSD forV,, component.

solution perfectly reproduces the input gravity field. This 10°

OSuU91la

result is both a proof o.f the concept and of the correct imple- . - - lterations Vzz

mentation of the algorithm. 107 L — Final solution Vzz |
In the following case studies the behaviour of the method A Final solution Vxx, Vyy, V22

in the case of more realistic measurements will be demon: 0° L “.".

strated. \

!
©

3.2 Case Study 2: Colored noise

degree rms
=
o
T

TN 4\la\¢\~l~_v‘~_~’~—‘~‘.
According to the Alenia (2001) specifications, the gradiome-  1p7°L
ter has a colored noise characteristics. The total error spectr:
densityS(f) of the gravity gradient tensor diagonal elements 107l
Vix, Vyy, Vz, is flat and shall not exceetl f) < 4mE//Hz

in the measurement bandwidthiFHz < f < 100mHz) in T
the local orbital reference frame. Outside the measuremer 10 10 20 30 40 50 0 70
bandwidth, the upper limit of the total error spectrum is spec- degree |

ified by S(f) < 4%mE/«/Hz below f,,;, = 5mHz and

Y / _
S(f) = 4(5—)*mE/« Hz abovefyax = 100mHz, form- Fig. 3. Convergence behavior of the SA approach: colored noise

ing a spectrum of trapezoidal shape in log-log scale. Figure Zyperimposed to measurement time series.
shows a realization of the noise spectrum for the component

V.., generated by an ARMA process, which will be superim-

posed to the measurement time series in the following simupehaviour reflects the decreased measurement accuracy be-

lations. low the measurement bandwidth (cf. Fig. 2). In practice, this
Figure 3 displays the convergence behaviour in the casgroblem will largely be captured by the SST component. The

of colored noise, where the solid curve indicates the finalsolution in Fig. 4b is mainly stabilized by the additionig,

solution. Using not only the/,, component, but all three component.

main diagonal elements of the gradiometer terigar, Vy,

andV;; (including corresponding colored noise time series),3.3 Case Study 3: Large data gaps + non-repeat orbit

leads to slightly improved results (cf. Fig. 3, light curve). The

final result is obtained in less than 30 min on a standard PC.In the previous case studies, a nearly perfect repeat orbit and
Figure 4 illustrates the accuracy of the coefficient esti-a continuous data stream were assumed. If the orbit ground-

mates in terms of gravity anomaly deviations from the initial track does not close exactly, or if the measurement time se-

OSU9l1a model. Figure 4a refers to thig solution, whereas ries contain data gaps, the requirement of periodicity for the

Fig. 4b shows the deviations applying all three tensor com-FFT is not fulfilled. Both effects lead to a distortion of the

ponentsV,,, Vy,, V... The dominant long-wavelength error Fourier spectrum, and thus of the lumped coefficients. How-
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3.5 Case Study 5: Short-term data gaps + colored noise

Fig. 4. Gravity anomaly deviationsAg [mGal] (1 mGal = In practice, in addition to large data gaps and partial data sets
10-5ms2) from the ‘true’ OSU91A reference model applying 2ISO short-term failure of the gradiometer has to be expected,

(@) V. only; (b) all 3 main diagonal tensor components,, V,,,  leading to short data gaps in the GOCE measurement time

Viz. series. In this last case study, we simulate short-term gaps
(10 s to 10 min), which occur randomly about once per orbit
revolution.

ever, as it will be demonstrated in the present case study, Figure 7 shows the convergence behaviour of this config-
small lateral offsets (below 100 km), and data gaps of Upyration. The convergence rate can be increased by filling
to 50% of the whole repeat cycle, do not pose a probleMhe data gaps with a priori gravity field information — in the
for the iterative solution (provided that the number of data is yresent case simulated gravity gradients based on the Earth
sufficient for the selected maximum degree of resolution tomode| EGM96 (Lemoine et al., 1998) are used — in the first
ensure redundancy and a global data distribution), but reducgeration, and by interpolation within the data gaps in the sub-
the rate of convergence. A series of tests with varying laterakequent iterations. Obviously, the procedure converges very
offsets and increasing data gaps were carried out in & nOiS&yst towards an optimum solution. For comparison, the final

free scenario. Figure 5 illustrates, that the convergence ratgg| tion of the uninterrupted case (cf. Sect. 3.2) is displayed
(the ratio between the residuals after and before one iteratiog, |ight color, demonstrating, that there is no significant dif-

step) depends on the lateral offset, and on the size of the dat@;ence between the two solutions.
gaps.

3.4 Case Study 4: Large data gaps + colored noise ,
4 Conclusions

In this simulation we investigate the effect of data gaps in

the case of a realistic colored noise applied to the measuréh this paper we present the semi-analytic approach as an
ment time series. Here the last 30% of thg, V,, andV, extremely fast method which suggests itself to be used as a
data sets are eliminated. Figure 6 illustrates the convergencguick-look tool, applied to derive a diagnosis of the GOCE
behavior of this configuration, where the black solid curve system performance. It is demonstrated that the theoretical
indicates the final solution. As a reference, the result usingestrictions of the method (uninterrupted measurement time
the complete data sets is plotted in light color. Comparedseries, circular, exact repeat orbit, ...) can be overcome in
with the uninterrupted case (cf. Sect. 3.2), the data gap leadgractical application by an iterative procedure.

to a slower rate of convergence, but the accuracy of the re- The method was successfully applied in the case of realis-
sults is only slightly decreased, which is simply due to thetic orbits and colored noise characteristics of the gradiome-
fact that a smaller number of data was processed. The speddr. It can be used to analyse partial data sets, and it works
of convergence can be improved using a priori gravity fieldalso in the case of large or short-term data gaps in the GOCE
information for filling the data gaps in the first iteration. measurement time series.
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