
Estimation of the interior density of a small body 
given its gravity field

Abstract
We present here a method for the retrieval of 
the internal density distribution of a small 
body, via a least-squares inversion of its 
gravity field.

Multiple solutions are averaged in order to 
limit the effect of the a priori density 
distribution. Simulations show successful 
density map estimations even with little to no 
initial information on the interior structure of 
the body.

Alfonso Caldiero 1,2,
Sébastien Le Maistre 1,2, and 
Véronique Dehant 1,2

1. Royal Observatory of Belgium, 
Brussels, Belgium,

2. Université catholique de 
Louvain, Louvain-la-Neuve, 
Belgium

1



Gravity inversion

The body is discretized as a collection of cubes
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[1,2] Measured e.g. 
via spacecraft 
radio-tracking

Gravitational potential as sum of 
contributions from each cube
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Methodology

Solution depends on the initial zones subdivision (density 
map). Hence:

1. Solution from different maps are averaged together [5]
2. An edge-detection algorithm (Laplacian of Gaussian) 

is employed to generate a new map from the averaged 
solution

3. The inversion is performed on the new density map

Least-squares 
inversion

𝛒j

𝛒k

Density (ρ) estimated for homogeneous zones, 
so as to have an overdetermined system [3,4]:
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Retrieval simulation
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Anomaly detection
By averaging solutions 
for different initial maps
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averaged solution
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Conclusions

Solution appraisal
● Successful detection of the density anomalies
● Small inaccuracies in the anomaly size and shape determination, which in turn affect 

the estimated density value
● Non-unique solution [6]: in a real scenario, it has to be confirmed by theoretical 

models or independent investigations

Future work
● Find a better agreement between the retrieved and the nominal models:

○ Improvement of the shape detection algorithm
○ Larger variability in the initial density maps

● Test on real data

5



Acknowledgements

References
[1]  R.A. Werner, 1997. Spherical harmonic coefficients for the potential of a constant-density polyhedron. Comput. 
Geosci. 23, 1071–1077.
[2]  S. Le Maistre, A. Rivoldini, and P. Rosenblatt. Signature of Phobos’ interior structure in its gravity field and 
libration. Icarus, 321:272–290, 2019.
[3]  Y. Takahashi and D. J. Scheeres. Morphology driven density distribution estimation for small bodies. Icarus, 
233:179–193, 2014.
[4]  D. J. Scheeres, B. Khushalani, and R. A. Werner. Estimating asteroid density distributions from shape and gravity 
information. Planetary and Space Science, 48(10):965–971, 2000.
[5]  L.-I. Sorsa, M. Takala, P. Bambach, et al. Tomographic inversion of gravity gradient field for a synthetic Itokawa 
model. Icarus, 336:113425, 2020.
[6]  P. Tricarico. Global gravity inversion of bodies with arbitrary shape. Geophysical Journal International, 
195(1):260–275, 2013.

This work was financially supported by the French community of Belgium within the 
framework of a FRIA grant, and by the Belgian PRODEX program, managed by the 
European Space Agency in collaboration with the Belgian Federal Science Policy Office.

6


