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Motivations and objectives:

During the three week decay period between the end-of-mission and the atmospheric re-entry of the
ESA Gravity field and steady-state Ocean Circulation Explorer (GOCE) vehicle, the orbital data
collection through a vast set of on board sensors resulted in a very rich set of data. The aim of the project
was “to exploit the rich telemetry data set of GOCE to the fullest on the topic of re-entry predictions
and extract lessons beyond the re-entry of GOCE itself”, by means of any theoretical and computational
methods helping to predict the orbit evolution of the object in space expected to impact on ground due
to loss of altitude due to orbit perturbations. In particular, the knowledge of the position and attitude of
the GOCE vehicle during this period, letting to understanding the aerodynamics of the vehicle and
behaviour of the atmosphere, could provide new insight into the uncertain processes affecting the
prediction of decay evolution and re-entry timing.


http://www.spacedys.com/index.php/en/
http://belstead.com/
http://www.esa.int/About_Us/ESOC

Key achievements:

The research group at the Aerospace Centre of Excellence focused the efforts on the treatment of the
involved uncertainties.

Multivariate sensitivity analyses, as well as uncertainty propagation (UP) analyses were performed,
considering uncertainties on initial conditions (position, velocity, attitude and attitude rates), and
atmospheric and shape parameters, such as a “density multiplier” that represents both the multiplicative
uncertainties on the Cd and on the modelled density, the logarithmic geomagnetic index, Kp, and the
solar flux index, F10.7.

Different intrusive methods, based on Tchebycheff as well as Taylor interpolation[2], and non-intrusive
approaches, such as the High dimensional Model Representation (HDMR)[1] based method and the
approach based on based on Tchebycheff polynomial interpolation[3,4] have been used to perform UP
and multivariate sensitivity analyses. Monte Carlo sampling has been as well as a reference method and
to demonstrate the efficiency of the other proposed approaches (Figure 1).
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leading to a statistical characterization of the
coefficients and representation of the possible trajectories.
Additional work has been done to see if and in what extent it is possible to predict the atmospheric drag
from a set of measurements at previous time steps. Results obtained by using a Kriging based approach
indicate that a reasonable prediction is possible and relatively straight forward for high altitude
conditions, i.e., >= 200km .
Finally, the results of aerodynamic
analysis and sensitivity to geometry
features are presented. The quantification
of the CD as a function of the side slip
angle and with some geometrical features
as parameters, has been carried out by
means of a high fidelity, Direct
Simulation Monte Carlo (DSMC), code
and a low fidelity, raytracer code. The
work has been performed to better
characterise the uncertainty on the
aerodynamic performance and suggest an
additional source of uncertainties for
future work, if uncertainties as function of
Figure 2 - CAD model of GOCE the attitude can be considered and
modelled.
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