
SIMULATED OBSERVATIONS OF PLANETARY BODIES BASED ON LABORATORY BIDIREC-
TIONAL REFLECTANCE SPECTROSCOPY.  S. Potin1, S. Douté1, B. Kugler2, P. Beck1, B. Schmitt1, 
1Université Grenoble Alpes, CNRS, Institut de Planétologie et d’Astrophysique de Grenoble (IPAG), 414 rue de la 
Piscine, 38400 Saint-Martin d’Hères (sandra.potin@univ-grenoble-alpes.fr) 2Inria, Laboratoire Jean Kuntzman 
(LJK), Université Grenoble Alpes (UGA) 

 
 
Introduction: Reflectance spectroscopy is com-

monly used to retrieve chemical and physical proper-
ties of the Solar System bodies, major or minor. In the 
laboratory, comparative reflectance measurements are 
performed using meteorites. However, the reflectance 
spectrum of a surface depends not only of its composi-
tion, but also on several parameters, such as its texture, 
temperature, and the viewing geometry [1, 2, 3]. Un-
like laboratory measurements where the composition 
and texture of the sample and the geometry of meas-
urement is fixed, unresolved observations of planetary 
bodies integrate spatial heterogeneities, as well as 
changes of observation geometries due to the large-
scale structures of the surfaces (slopes, craters, …). 

Here we compare two spectral photometric models 
to reproduce laboratory measurements of the Bidirec-
tional Reflectance Distribution Functions (BRDFs) of 
several samples, with different compositions and tex-
tures. We then employ the resulting models to (i) cal-
culate phase curves at different wavelengths (ii) simu-
late spectral image cubes of planetary surfaces ac-
quired with virtual telescopes. 

Laboratory measurements: Bidirectional reflec-
tance spectroscopy of 2 meteorites (Mukundpura and 
an unclassified) is acquired using the spectro-gonio 
radiometer SHADOWS [4], using the same geomet-
rical configurations as presented in [3]. On both tar-
gets, BRDFs were measured first on the intact chip, 
then after the sample was manually crushed into a 
powder. For each meteorite, this resulted into two 
series of 71 spectra corresponding to the previous two 
textures. 

Inversion models: Laboratory measurements on 
meteorites can only be acquired under a finite number 
of geometrical configurations. Inverting photometric 
models consists in estimating the best values of their 
parameters to reproduce the BRDFs sampled in the 
laboratory. It is then possible to generate the reflec-
tance spectra that would have been measured under 
any geometrical configuration needed for the planetary 
simulation.  

For the analysis of the measured BRDFs we con-
sider two photometric models: the popular semi-
empirical Hapke model based on physical first princi-
ples and a modified version of the Ross-Thick Li-
Sparse model first introduced by [5]. The latter is a 
fully parametric model based on a linear combination 

of predefined generic functions called kernels that only 
depend on geometry. The model has proved to be able 
to recreate BRDFs of many natural surfaces and was 
recently modified by [6] to further increase its perfor-
mances. We use the following RTLSR form:  
R θ, ϑ, φ, λ = fiso λ + fvol λ Kvol θ, ϑ, φ + fgeo λ Kgeo θ, ϑ, φ  

+ ffwd λ Kfwd θ, ϑ, φ  
where the four K terms play the roles of Lambertian 
(iso), volumetric (vol), geometric (geo), and forward 
scattering (fwd) components respectively. Spectral 
weights fiso , fvol , fgeo, and ffwd of the four components 
are determined by the surface reflectance properties. 
Note that the volumetric kernel contains a simplified 
treatment of the opposition effect with fixed width and 
amplitude as this effect is poorly constrained by our 
measurements. As for the inversion of the models, we 
use a Bayesian framework [7] and the Maximum Like-
lihood Estimate of the linear regression problem re-
spectively adapted to the non-linear form of the Hapke 
model regarding its parameters and to the linear kernel 
formulation of the RTLSR model. 
 Results and comparison of the models: Both 
models, Hapke and RTLSR, recreate the spectral fea-
tures observed on the measurements data (fig. 1 and 2), 
although in all geometrical configurations, the RTLSR 
model renders a more accurate photometry than the 
Hapke model.  

 
Figure 1: Measured spectrum (black crosses) of the chip of the 
unclassified meteorite acquired at incidence 0° and emergence 30°. 
Modeled spectra using the Hapke model (brown) and the RTLSR 
model (blue).  
 

As the Hapke model is based on interactions between 
the light and well separated particles of a given size, it 
may reaches its limits when modeling reflectance of 
chips that cannot be considered as loose agglomerates 
of grains. At contrary, the parametric formulation of  
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Figure 2: BRDF of the chip of the unclassified meteorite acquired at 
incidence 0° (left panel) and 60° (right panel). Black: measurements 
data. Brown: inversion using the Hapke model. Blue: inversion using 
the RTLSR model. 
 
the RTLSR model is a more robust descriptor of the 
BRDF but offers very limited physical interpretation.  

Application to surface simulations: We then ap-
ply the RTLSR spectral BRDF on each facet of a shape 
model of Ceres. Composition and texture of each facet 
can be changed if desired. For example, we create a 
simulated planetary body, covered with powdered 
Mukundpura over the whole surface, except in a crater 
where the intact Mukundpura is laid down (bright spot 
on fig. 3). Then we can simulate a spectral image cube 
as it would be acquired by a spacecraft or a ground-
based telescope. 

 
Figure 3: Left: false-color image of Ceres covered with the pow-
dered (whole surface) and chip (bright spot) Mukundpura, observed 
with the future ELT-HARMONI instrument. The RGB values are set 
as the modeled reflectance at 2µm, 1µm and 0.4µm respectively. 
Right: Reflectance spectra of the simulated Ceres acquired in the 
bright spot (green), sub-solar point (black) and at the limbs (red and 
blue). The radiance has been normalized to an incoming flux equal 
to one. 
 

Though the composition and texture is nearly ho-
mogeneous over the whole surface, it can be observed 
from the false-color image that the center of the object 
appear bluer around the sub-solar point, and redder at 
the limbs.  

Effect of shape on the spectroscopy and photo-
metric phase curve: We now simulate a spherical 
body, homogeneously covered with powdered 
Mukundpura, and compare its reflectance spectrum, as 
well as its phase curve, with the laboratory measure-
ments and RTLSR inversion results (fig. 4). 

 
Figure 4: Left: reflectance spectrum of the simulated spherical body 
(blue) compared to the laboratory spectrum (black) and modeled 
spectrum (green). Right: photometric phase curves of the 3 surfaces. 
The phase curves for the laboratory measurements and modeled 
spectra are plotted for each incidence angles. 
 
The reflectance spectrum of the simulated body is 
brighter and redder than the measured and modeled 
spectra. The shape of its phase curve differs from the 
measured and modeled, showing a brighter surface at 
low phase angles, then darker for phases angles wider 
than 80°. As the composition of the surface is fully 
homogeneous, these differences are due only to the 
spherical shape of the asteroid. 

Conclusion and implications for planetary ob-
servation compared to laboratory experiments: Our 
measurements, modeled BRDFs and simulations illus-
trate that the reflectance spectrum of an asteroids ana-
log material not only depends on its composition, tex-
ture and phase angle of the observation, but also on the 
full geometry (incidence and emergence). We showed 
here an application of laboratory measured BRDFs on 
shape models planetary bodies. If the observed body is 
not fully resolved, as it is often the case for asteroids 
spectroscopy for example, the measured reflectance 
spectrum is averaged over the whole surface. The 
spectral information received is thus a combination of 
the reflectance spectra of each point of the surface, 
bluer around the sub-solar point, redder at the limbs, 
with contribution of the relief. The observed spectra 
can be different of those measured in the laboratory, 
only because geometrical effects due to the shape of 
the surface. Our work is also beneficial to the prepara-
tion of the observations by future space experiments of 
by instruments of the giant telescopes of the next dec-
ade. 
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