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1. Introduction

The use  of  recent  adaptive  optics  imaging  systems
such  as  SPHERE/Zimpol [1]  installed  at  the
ESO/VLT  facility  offers  a  unique  opportunity  to
observe  topographic  details  at  the  surface  of  solar
system objects. In the frame of the ESO “HARISSA”
Large  Program [2],  adaptive  optics  images  of
D>100 km  large  asteroids  are  being  acquired  at
different  epochs.  These  images,  combined  with
lightcurves  and  occultation  data,  allow  to  retrieve
shape  models  using  the  well-known  “ADAM”
inversion  technique [3].  However,  this  technique
does  not  always  succeed  in  capturing  the  smallest
topographic features visible on the SPHERE/Zimpol
images. In this abstract, we explore the possibility of
using  the  “multi-resolution  photoclinometry  by
deformation”  (hereafter  MPCD)  algorithm [4]  used
in the frame of ESA’s Rosetta mission [5] to enhance
the ADAM shape models.

2. Method

The MPCD algorithm [4] uses the ADAM model as
starting  shape  model  to  perform  a  chi-square
comparison  between  observed  images  and  their
synthetic  counterparts,  generated  under  the  same
geometric  conditions  from  the  shape  model.  The
model  is  then  deformed  along  the  local  normal
vectors until the synthetic images match the observed
ones. The reflectance function is calculated using one
of  Hapke’s  models [6].  A smoothness  constraint  is
added to the chi-square function and the method is
combined with a multi-resolution scheme to ensure
the convergence  of  the  shape  towards  a  physically
realistic  model.  Compared  to  the  analysis  of
Rosetta/OSIRIS  images,  several  parameters  of  the
MPCD method had to be modified and tuned to be

able  to  process  adaptive  optics  rather  than  space-
based data.

In  addition  to  the  shape,  the  method  can  provide
slightly improved rotational  and Hapke parameters,
as well as a relative albedo map calculated from the
residuals between the observed and synthetic images.
It  also  allows  to  estimate  local  errors  in  the  final
MPCD shape models.

    

Figure 1: Comparison between SPHERE/Zimpol (left) and
synthetic  (right)  images of  216 Kleopatra  generated with
the MPCD shape model.

Figure 2. A snapshot of the MPCD shape model of asteroid
216 Kleopatra (3200 triangular facets).
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3. Results and perspectives

As a first example, we applied the MPCD technique
to  a  set  of  images  of  the  M-type  asteroid
216 Kleopatra.  The  match  between  observed  and
synthetic images fits well the contours of the images
(see  Fig. 1),  but  significant  differences  still  remain
for  inner  pixel  values.  The  resulting  shape  model
(Fig. 2)  exhibits  a  complex  topography,  with  two
lobes and a narrow neck between them. 

We will apply the MPCD method to all the asteroids
observed  during  the  HARISSA  Large  Program,
including  2 Pallas,  7 Iris,  10 Hygeia  and  89 Julia,
among  others.  We  will  also  explore  possible
improvements  of  the  method,  such  as  the
introduction of a single scattering albedo map during
the  optimization  of  the  topography  and  further
refinement of the bi-directional reflectance function.
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