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Abstract
The objective of our recent research has been to de-
velop non-invasive imaging techniques for future plan-
etary research and mining activities involving a chal-
lenging in situ environment and tight payload limits
[1]. This presentation will deal in particular with an
approach in which the internal relative permittivity εr
or the refractive index n =

√
εr of an asteroid is to be

recovered based on radio signal transmitted by a sparse
set [2] of fixed or movable landers.

To address important aspects of mission planning,
we have analyzed different signal source configura-
tions to find the minimal number of source positions
needed for robust localization of anomalies, such as
internal voids. Characteristic to this inverse problem
are the large relative changes in signal speed caused
by the high permittivity of typical asteroid minerals
(e.g. basalt), leading to strong refractions and reflec-
tions of the signal. Finding an appropriate problem-
specific signaling arrangement is an important pre-
mission goal for successful in situ measurements.

This presentation will include inversion results ob-
tained with laboratory-recorded travel time data y of
the form

yi =
∫
Ci

nδ ds+ (ybg)i + gi, for i = 1, 2, . . . , N

in which nδ denotes a perturbation of a refractive in-
dex n = nδ + nbg; gi estimates the total noise due
to different error sources; (ybg)i =

∫
Ci
nbg ds is an

entry of noiseless background data ybg; and Ci is a
signal path. Also simulated time-evolution data will
be covered with respect to potential u satisfying the
wave equation εr∂

2u/∂t2 + σ∂u/∂t − ∆~xu = f ,
where σ is a (latent) conductivity distribution and f
is a source term. Special interest will be paid to inver-
sion robustness regarding changes of the prior model
and source positioning. Among other things, our anal-
ysis suggests that strongly refractive anomalies can be
detected with three or four sources independently of
their positioning.
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Figure 1: A comparison between exact (light blue) and
recovered (dark green) anomalies recovered based on
travel time data corresponding to three sources (yellow
antenna symbols).

Acknowledgements
This work was supported by the Academy of Fin-
land (Centre of Excellence in Inverse Problems Re-
search and the project "Inverse problems of regu-
lar and stochastic surfaces"). SP’s work was sup-
ported by Academy of Finland’s project number
257288. Thanks to Tapani Honkavaara, Viljami Saira-
nen, Janne Hirvonen, Arto Köliö, Jukka Piironen,
Saku Suuriniemi, and Lauri Kettunen for their valu-
able help.

References
[1] Kaasalainen, M. and Durech, J.: Asteroid Models for

Target Selection and Mission planning, In: Badescu, V.
(Ed.), Asteroids: Prospective Energy and Material Re-
sources, Springer-Verlag GmbH, 2013.

[2] Pursiainen, S. and Kaasalainen, M.: Iterative alternat-
ing sequential (IAS) method for radio tomography of as-
teroids in 3D, Planetary and Space Science, Vol. 82, pp.
84-98, 2013.

EPSC Abstracts
Vol. 9, EPSC2014-5, 2014
European Planetary Science Congress 2014
c© Author(s) 2014

EPSC
European Planetary Science Congress


