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Abstract 

The application of the photometric empirical model, 

already tested for the Vesta asteroid and for the 

67P/CG comet, is extended for the first data of Ceres 

provided by the Dawn/VIR imaging spectrometer. 

1. Introduction 

The NASA’s Dawn mission [1] inserted on 6
th

 March 

in the orbit of the (1) Ceres dwarf planet.  

The Visible and Infrared (VIR) mapping 

spectrometer on board Dawn [2] is composed of a 

single optical head, including two channels, working 

in the visible (0.2-1 m) and in the infrared (1-5 m) 

wavelength range, respectively. 

Currently, VIR acquired Ceres images having a 

spatial resolution down to 1 km, but better resolution 

will be achieved in the next mission phases.  

An important operation to perform on VIR data is the 

photometric correction, aimed at removing the trend 

of reflectance with incidence, emission and phase 

angles. This not only is a fundamental process of data 

reduction (since makes it possible to compare 

observations taken at different illumination and 

viewing angles), but also allows the study of physical 

and optical properties of the asteroid surface, which 

drive the reflectance vs illumination angles behaviour, 

such as regolith grain size, surface roughness, 

presence of contaminants, role of multiple and single 

scattering (e.g. [3], [4], [5]). 

The application of an empirical photometric model 

on Ceres data provided by VIR is the aim of this 

work. 

 

2. Approach 

The correction is based on the method already 

applied on VIR data of Vesta [5] and currently being 

also tested on VIRTIS data of 67P/CG [6].  

The procedure, based on a statistical analysis of the 

whole dataset, does not need the assumption of 

theoretical photometric models and can be very 

helpful in studying the photometric behaviour of 
spectral parameters, such as band depths or slopes. 

It applies on calibrated reflectance spectra on four 

steps: 

1. Removal of incidence and emission effects, 

by dividing the radiance factor for the most 

appropriate disk function among those 

present in literature (e.g. Lambert, Lommell-

Seeliger, Akimov). 

2. Building of ten reflectance families, defined 

by reflectance values corresponding to 10%, 

20%... 90% of brightest pixels at each phase 

angle. 

3. For each reflectance family, retrieval of the 

curve describing reflectance as function of 

phase angle by means of a least squares fit. 

4. For each pixel, retrieval of the reflectance at 

standard illumination conditions (i.e. normal 

illumination or incidence and phase at 30°). 

 

3. Preliminary results 

The method has been currently applied only to data 

obtained during the Approach phase to the target. 

These results suggest a similar reflectance-phase 

angle behaviour for reflectance at different 

wavelengths in the visible range (Fig. 1). This would 

be consistent with what observed on other asteroids, 

where the steepness of photometric curve is almost 

constant through visible spectrum, except at 

wavelengths contained in absorption bands (e.g. [5], 

[7]). 

A confirmation of these results can be obtained by 

considering in the data at better spatial resolution that 

will be obtained during the Dawn orbit on Ceres. 
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Figure 1. Reflectance as function of phase angles for 

three different wavelengths (0.55, 0.75 and 0.85 m). 

The white line is a linear fit corresponding to the 

50% of brightest pixels. 
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