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Abstract
Multiple light scattering in arbitrary finite discrete ran-
dom media in the geometric optics regime is approxi-
mated by mixing radiative transfer and by mixing ra-
diative transfer and geometric optics. In the hybrid
approach, the core of a finite medium is treated us-
ing radiative transfer and the mantle of the medium is
composed of close-packed finite particles treated us-
ing geometric optics. Preliminary results show that
the new hybrid model is better than purely using the
radiative transfer when the studied media is dense.

1. Introduction
Multiple light scattering in the geometric optics
regime is computationally heavy when a large num-
ber of objects are present. This is a problem especially
with planetary regoliths, such as in the case of aster-
oid Vesta, and hence the multiple scattering has been
approximated by using radiative transfer [1].

In order to improve the model, we created an im-
proved version of the SIRIS [2, 3, 4] capable of solv-
ing light scattering from multiple particles and a pack-
ing program capable of generating densely packed ran-
dom media from arbitrary particles. These programs
were used to compare the results obtained by using
the generalized Snel’s law, a pure radiative transfer ap-
proach, and a new hybrid model, for spherical dense
discrete random media composed of Gaussian random
sphere particles [2] following a power law distribution.
The preliminary results show improvement compared
to the pure radiative transfer approach.

2. Hybrid model
In the mixed model, discrete random media is divided
into two parts. Crust is made of discrete particles, and
the light propagates according to the Fresnel and gen-
eralized Snel’s laws. In the core, the multiple scat-
tering is approximated by using radiative transfer with

a corrected mean free path. The corrected mean free
path is obtained by logging the lengths of the scat-
tering events with a separate program and using the
logged distribution to generate distances to a next scat-
tering event.

3. Results
128 discrete random media composed of a hundred
different Gaussian sphere particles were generated.
The particles were scaled according to a power law
(index a=3, wavenumber k=2π/λ, in which λ is a
wavelength, minimum radius kr=50, and maximum
kr=200), placed randomly into a periodic box, and
packed to volume fraction ν=0.4 by using the simpli-
fied version of the mechanical contraction [5]. From
the packed media, spherical media of radius kR=2000
were culled, and the light scattering characteristics of
each geometry were solved and averaged by using the
SIRIS. Input geometries for the hybrid model were
generated by replacing inner particles with a sphere
of size (kR = 1400). The pure radiative transfer ap-
proach was simulated by using a spherical medium of
size kR=2000 and statistical diffuse particle made of
light scattering characteristics of individual particles,
which were used to generate the discrete random me-
dia. The refractive index was set to 1.5+i0.0001.

4. Summary and Conclusions
Fig. 1 shows that the new hybrid model approximates
the multiple scattering characteristics better than the
pure radiative transfer model. The figure shows that
the largest discrepancies are in the backscattering di-
rection and around α=90◦. The results could be im-
proved by modelling the core’s surface better and im-
proving the corrected mean free paths. The new hybrid
model could be used to model any regolith surfaces in
the geometric optics regime.
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Figure 1: Intensity (up) and degree of linear polariza-
tion (down).

Acknowledgements
Computational resources were provided by CSC — IT
Centre for Science Ltd, Finland, and FCGI – Finnish
Grid and Cloud Infrastructure [6].

References
[1] J. Martikainen, A. Penttilä, M. Gritsevich, H. Lindqvist,

K. Muinonen, Spectral modeling of meteorites at UV-vis-
NIR wavelengths, JQSRT, 204, 2018, p. 144-151

[2] K. Muinonen, T. Nousiainen, P. Fast, K. Lumme, J. Pel-
toniemi, Light scattering by Gaussian random particles:
Ray optics approximation, JQSRT, 55, 1996, p. 577-601

[3] J. Martikainen, A. Penttilä, M. Gritsevich, g. Videen, K.
Muinonen, Absolute spectral modelling of asteroid (4)
Vesta, Mon. Notices Royal Astron. Soc, 483, 2019, p.
1952–1956,

[4] H. Lindqvist, J. Martikainen, J. Räbinä, A. Penttilä,
K.. Muinonen, Ray optics for absorbing particles with
application to ice crystals at near-infrared wavelengths,
JQSRT, 217, 2018, p. 329-337.

[5] S. Williams A. Philipse, Random Packings of Spheres
and Spherocylinders Simulated by Mechanical Contrac-
tion. Physical review. E, 67, 2003

[6] Finnish grid and cloud infrastructure,
urn:nbn:fi:research-infras-2016072533


