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Introduction: The Mars Moon eXploration spacecraft 
[1] of the Japanese Aerospace eXploration Agency 
(JAXA) is aiming at characterizing both Phobos and 
Deimos, primarily to determine the unconfirmed origin 
of the two moons [2]. It will carry the near-infrared hy-
perspectral imager MacrOmega that will be used to 
characterize the surface’s mineralogy of the moons by 
providing spectral information (from the 10s m to the 
mm scale) across Phobos’s entire surface and at lower 
resolution (~100m) for parts of Deimos’ surface. Prior 
to the mineralogical characterization in the overall in-
strument spectral range, the reflectance spectra will 
have to be calibrated beforehand and corrected for the 
thermal contribution of the surface. This processing step 
is very important but not straightforward and necessi-
tates numerous studies to estimate the impact on the re-
sulting reflectance spectra and accuracy in terms of sur-
face temperature retrieval [3]. We present here prelimi-
nary studies on thermal retrieval and removal on Mac-
rOmega-like simulated spectra believed to be repre-
sentative of Phobos’s surface. We also present a new 
tool ([4],[5]) that will be used to simulate more repre-
sentative thermal contribution based on actual surface 
temperature as expected on Phobos’s surface. This tool 
will enable model improvement for both calibration pur-
poses and estimation of Phobos’s temperature. These re-
sults and on-going investigations will ultimately put 
constraints on the final design and operations of the 
MacrOmega instrument. 
 
Spectral dataset:  We use simulated reflectance spectra 
based on the MacrOmega (MO) characteristics and Pho-
bos’s surface properties as listed below:  
	 Parameters Values 
MO Spectral range 0.9 – 3.6 µm 

Spectral sampling Nominal 20 cm-1 
Phobos Temperature 200 K – 300 K 

Distance to Sun 1.5 AU 
Emissivity 1  
Albedo 0.05 
Spectral characteristics Red slope/3µm band 

 
The signal received by MacrOmega on each location of 
the moon’s surface (x,y) is modelled using the follow-
ing equation (Fig. 1a): 

 

where L is the total signal received and already cali-
brated from the instrumental function, r the surface re-
flectance at 2 µm, F the solar flux received at 1.5 AU, i 
the incidence angle of the Sun on the surface with re-
spect to the normal, 𝜀 the surface emissivity. As a first 
stage of investigation, the surface emissivity is set to be 
constant with the wavelength and the reflectance is in-
creasing with a slight red slope. We added to the spec-
trum a 3 µm band, with varying width, depth and posi-
tion (Fig. 1b). For the simulation presented here, the 
thermal contribution is modelled with one blackbody. 

 
Figure 1 - (a) Example of modelled irradiance based on 

MacrOmega and Phobos characteristics. (b) Example of ex-
pected reflectance spectra after calibration. 

 
Modelling: (1) Extraction and correction of the ther-
mal component using one blackbody -- The method-
ology for retrieving temperature was adapted from [6]. 
We use a downhill simplex method to fit one blackbody. 
Due to the potential presence of a 3 µm band, we do not 
use the complete wavelength range to fit the blackbody 
but only the last spectral channels. We show the results 
of one of the spectral simulations (thermal component 
simulated using one blackbody at 225 K) to illustrate the 
impact on the spectrum when over- or under-estimating 
the temperature with the retrieval method (Figure 2). 
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The spectrum can be distorted and, if a hydration band 
is detected at higher wavelength,  can be shifted and 
over- or under- estimated in terms of band depth -- 
which are critical parameters for mineralogical charac-
terization. We thus show here the importance of a well-
calibrated retrieval model to correct the thermal compo-
nent. At this stagethe model enables retrieval of the tem-
perature with an accuracy better than 10 K within the 
considered parameter space 

 
Figure 2 - Example of corrected reflectance spectra with dif-
ferent values of estimated T. The dotted black line represents 

the theoretical spectrum. 
 
(2) Simulation of surface and thermal characteristics 
to extend to multiple blackbodies -- The previous sec-
tion shows preliminary results for a thermal contribution 
modelled using one blackbody, however the MacrO-
mega instrument has a resolution at the surface of Pho-
bos that will vary depending on the spacecraft altitude 
(from the ~10s m to the mm-scale). Realistically, the 
thermal emission of Phobos at these scale probably can-
not be accounted for using only one temperature (shad-
ows, solar angle, different surface types in the FOV of 
MacrOmega). To account for this, we generate artificial 
rocky terrains following the methodology of [5], that 
spawns rocks of different sizes following power-law 
distributions observed on small bodies. The rocks are 
shaped as polyhedra, again matching statistics observed 

on small bodies, and then converted into an implicit 
signed distance field for fast distance evaluations. A 
raytracing routine is then used to generate synthetic 
camera images of the rocky surface, while taking into 
account rock-rock and rock-surface self-shadowing, at 
different local times (Fig. 3). This rock generation tool 
allows us to account for the shadows on the surface de-
pending on the local time and rock distribution and size 
at the surface of Phobos, thus will enable the computing 
of a more realistic thermal component. The protocol for 
the first steps of investigation consists of associating 
two temperatures (“hot” and “cold”) corresponding to 
lit and shadowed regions at the time of measurement. 
Then, the thermal contribution is modelled using a com-
bination of blackbodies based on the percentage of 
lit/shadowed surface and retrieve the effective “surface 
temperature”. A variety of rock size distributions as well 
as spacecraft altitude (impact on the resolution of Mac-
rOmega hence impact on the ratio of shadowed/lit sur-
face in the FOV) will be tested to assess the relation be-
tween the temperature extracted with MacrOmega 
(macro-temperature) using the model presented here 
and the actual surface temperature at the rock scale (mi-
cro-temperature). This will also play an important role 
for the spectra calibration that is strongly dependent on 
the extracted temperature (see Figure 2). 
 
Future steps: The next stage is to model the thermal 
contribution using the rock generator and thermal mod-
els to adapt the temperature observed by MacrOmega 
(see Fig. 3b and c) with more than 2 blackbodies.  Ad-
ditionally, other parameters specific to the MacrOmega 
instrument (SNR, spatial resolution) will be included to 
the spectra simulation in order to refine the operational 
parameters and maximize the scientific return specifi-
cally for MMX. 
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Figure 3 - (a) Visualization of the rocks generation tool for a specific rock distribution (adapted from [5]). (b) Representation of a por-
tion of the surface in MacrOmega FOV. (c) Zoom on one MacrOmega pixel to illustrate the mixing of temperatures.	
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