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1. Introduction 

Knowledge of surface temperature and its variations 
as function of illumination conditions is key for 
understanding the thermodynamical properties, the 
chemical properties and the physical structure of the 
regolith (porosity, roughness) of planets and small 
bodies in the solar system. The surface temperature 
can be retrieved from near-infrared spectra at 
wavelengths where thermal emission becomes non-
negligible with respect to the reflected components. 
At 5 µm, the longest wavelength measured by 
VIRTIS-M [1] on the Rosetta mission [2] which 
observed comet 67P/Churyumov-Gerasimenko 
(67P/C-G), the minimum brightness temperature that 
can be measured is ~150K [3] (instrumental noise 
equivalent temperature). The usual technique is to fit 
a Planck function to each spectrum, providing one 
temperature per pixel (e.g. [3], [4], [5]).  
However, the calculation of a distribution of 
temperatures per pixel is justified by the fact that the 
local topography changes at all scales resulting in 
variable illumination conditions (variable incidence 
angle and shadow casting) within the area covered by 
each pixel. This causes a distribution of temperatures 
which turns out in a distribution of thermal emission 
contributions [6]. 
Furthermore, the combination of different thermal 
emission contributions (the linear combination of 
several Planck curves) is not a Planck function. 
Consequently, fitting one Planck function to a 
spectrum results in retrieving a value for the 
brightness temperature that is not representative of 
thermophysical properties of the regolith, because it 
is not the average of all temperatures in the area 
covered by that pixel. 

2. Method: Inversion of multiple 
Planck curves 

Our approach is to perform a linear spectral 
unmixing of thermal functions, because the spectral 
thermal emission in each spectrum is the sum of all 
the thermal contributions that correspond to each 
facet of the surface, weighted by their areal 
proportion. We are developing a technique that is 
based on the Multiple-Endmember Linear Spectral 
Unmixing model (MELSUM) [7], which has been 
developed to fit reflectance spectra of particulate 
surfaces (or laboratory samples) by a linear 
combination of spectral endmembers (spectra of pure 
minerals, or spectra collected from relevant locations 
in the database). With this technique, a spectrum is 
considered as a vector, and the spectral library of 
endmembers as a matrix. The inversion relies on the 
covariance vector and covariance matrix. Its main 
feature is to be able to test one by one each linear 
combination of N spectral endmembers among a total 
of M available in order to retrieve the best one, and 
to ensure that all spectral endmembers selected 
contribute positively. Typically, N is 2 to 5, and M is 
~10 to 20. This technique has been applied 
successfully to map the surface composition of Mars 
[7] with the OMEGA imaging spectrometer on Mars 
Express, Vesta [8] and Ceres [9] with the VIR 
mapping spectrometer on the Dawn spacecraft. 
In order to retrieve a distribution of temperatures 
with MELSUM, each spectral endmember is a 
Planck curve that corresponds to one value of surface 
temperature. The assumptions in MELSUM are: 
- The sum of all weighing coefficient must 
not exceed 1 (the sum of all illuminated parts within 
the surface covered by one pixel must not exceed the 
total surface covered by that pixel). 
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