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Introduction

JUICE (JUpiter ICy moons Explorer) mission from ESA :
• arrival in 2030 at Jupiter
• characterization of the icy moons, special focus on Ganymede
• embarking vision-based navigation system [1]
→ spacecraft more autonomous and precise in its pointing

Better knowledge of the photometric models of the targets (icy
moons) is required to offer the best of that algorithm. For this study :
• images of the LOng Range Reconnaissance Imager (New Horizons) [2]
• prior correction of meta-data inaccuracies (fig.1)

Figure 1 – Comparison between
a LORRI observation and its
simulation from meta-data

Method

Different regions of interest were determined arbitrarily on Europa as shown on figure 2.

Figure 2 – Map of Europa [3] with different regions of interest for which Hapke parameters were estimated

We adopted the Hapke model defined in [4] using 6 parameters and its notations :
- b, c : phase function parameters - asymmetry parameter and backscattering fraction
-ω : single scattering albedo
- θ : mean slope angle
-h, B0 : opposition effect parameters
Following a Bayesian approach, we estimated these parameters on each region of interest :
-no apriori knowledge (except for physical domain of variation)
-Monte Carlo Markov Chain algorithm to sample the Probability Density Function (PDF)
of the aposteriori solution [5]

Results on selected area

Let’s focus on area #1, in red on figure 2.
We observe on figure 4 that b and c are well constrai-
ned. Their value is an indication of a material with
forward scattering properties (low c). We can in-
fer that this particular region is composed of clear
particles of fairly regular shape (b ∼ 0.5).

b c θ ω h B0
mean 0.47 0.22 0.60 0.99 0.51 0.72

std. dev. 0.03 0.03 0.01 0.002 0.27 0.22
Table 1 – Estimation of Hapke parameters for the

presented region of interest

Figure 3 – Data and fits for estimated parameters Figure 4 – b v. c

Other results

Preliminary results on the other regions of inter-
est show some heterogeneity. The more pixels
in a region and the wider coverage in phase angle,
the better constraint on the parameters.

Figure 5 – Variability of the estimated single scattering
albedo ω depending on the region of interest

Figure 6 – Variability of the estimated mean slope angle
θ depending on the region of interest

Overall, most regions are fairly well constrained
and we can extract a corresponding Hapke mo-
del. However, we see some variability as figures
5 and 6 show for ω and θ. A similar variability
in the different terrains was already noted in [6].
Above all, the dataset presented here need to be
extended to have more reliable results.

Future work

This work will continue with :
• extension of dataset to Voyager, Cassini
and Galileo imagaes

• tests of more photometric models
• inferring surface structure properties
• similar studies for Ganymede and Callisto
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