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Introduction  
Europa is a prime candidate for habitability in our Solar 

System. The surface of the moon is the youngest of the Jovian 
icy satellites and shows signs of current activity [1,2,3]. The 
JUICE (JUpiter ICy moons Explorer) mission from the European 
Space Agency (ESA) is to be launched in 2022 and arrive at the 
Jovian system in 2030 to study Jupiter and its icy moons for 
three and a half years [4]. The spacecraft is being designed by 
Airbus Defence & Space in Toulouse, France, with a very 
innovative navigation system. An accurate photometric of the 
ƳƻƻƴǎΩ ǎǳǊŦŀŎŜ ǿƛƭƭ ƘŜƭǇ ǘhe vision-based navigation algorithm 
implemented on JUICE [5]. 

 

Data and Methods 
A photometric study necessitates two pieces of 

information: reflectance and geometry (incidence, emission, 
phase). The first can be obtained after radiometric calibration. 
The second necessitates accurate projections of each pixel. 

Dataset: This study uses images taken with the 
Imaging Science Subsystem (ISS) of the Voyager spacecrafts and 
includes more recent images taken of Europa with the LOng 
Range Reconnaissance Imager (LORRI) of the New Horizons 
probe. Both datasets were retrieved on b!{!Ωǎ t5{ ŀǊŎƘƛǾŜ.  

Direct model: For this study we are considering 
IŀǇƪŜΩǎ ŘƛǊŜŎǘ ƳƻŘŜƭ ώ6]. Six parameters are to be estimated: 

�>, �?, �ñ, �à�§, �D and �$�4.  
Bayesian inversion: We have developed an inversion 

tool using a Bayesian approach based on previous work done 
on Mars [7] and recent improvements [8]. In this framework, 
we estimate the density probability function of each parameter 
which gives us not only information about the most probable 
value but also tells us how well the parameters are constrained 
on the different ROIs. 

 

Results 
We arbitrarily selected 20 regions of interest across 

9ǳǊƻǇŀΩǎ ǎǳǊŦŀŎŜ and estimated Hapke parameters on each of 

them. What we find is mostly consistent with past 

studies[9,10,11,12] but shows higher roughness parameter on 

some ROIs and no significant difference from one hemisphere 

to the other (fig. 1).If we look at parameters b and c describing 

the diffusion lobe, we can say that on most pf the ROIs have a 

large diffusion lobe (0.25<b<0.6) and backscattering (c>0.5). 

Some areas show a forward scattering behavior (c<0.5) adding 

to the one identified by Domingue and Hapke (1992) [12]. 

 

 
 

Figure 1: Map of roughness parameter 
 

 

Based on the work of McGuire and Hapke (1995) [13], 

we can infer that the surface of Europa is mostly composed of 

complex aggregated particles with some internal scatters 

resulting in a rather large lobe of diffusion. 

 

Conclusion 
We arbitrarily selected 20 ROIs ŀŎǊƻǎǎ 9ǳǊƻǇŀΩǎ ǎǳǊŦŀŎŜ 

for which we estimated Hapke parameters. What we find is 
mostly consistent with past studies [9,10,11,12] but shows 
higher roughness, multiple forward scattering areas and a lot 
of variability across the surface. 
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