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Abstract:  We created a genetic type of algorithm 
for  modelling  asteroid  shape  and  spin  parameters 
using  disk-integrated  photometry.  The  shapes  are 
allowed  to  contain  concavities.  First  tests  of  the 
resulting  models  against  the  ones  from  Adaptive 
Optics  and  stellar  occultations  are  promising.  The 
algorithm can model both single and binary objects.

The  algorithm:  We  built  a  genetic  algorithm 
named SAGE that  basing on photometric  data alone 
approximates  asteroid  shapes  with  the  Gaussian 
spheres. The subroutines search for the sidereal period 
of rotation  in  the  given,  narrow range  and  the  spin 
axis orientation  on the whole celestial  sphere.  After 
that the algorithm lets the shape evolve and selects the 
shapes that are best adjusted to observations in terms 
of  the  lightcurves  they  produce.  Then,  they  evolve 
further and in finer details.
     For the first tests the scattering properties of the 
surface  are  described  by a  combination  of Lommel-
Seeliger and Lambert laws, similarly to the  lightcurve 
inversion method [1].
      Initial results:   Even though the phase angles 
and thus shadowing by topographic features are never 
large  for  main-belt  asteroids,  their  lightcurves 
occurred  to  contain  enough  information  for  unique 
detection of large-scale concavities on their surfaces.
Various  starting  shapes  for  one  object  inevitably 
drifted towards similar shape models thus firming the 
final solution.

Fig. 1. AO images of 
asteroid  (9)  Metis 
plus  its  inversion 
model  [2]  compared 
to  the  SAGE  model 
displayed  at  the 
bottom.

Our test objects were large main belt-asteroids: (9) 
Metis and  a binary (90) Antiope.  They were chosen 
because  the  very  good  quality  data  obtained  using 
different techniques are available for them. For Metis 
they  are  Adaptive  Optics  images  from  two  nearby 
epochs  [2],  and  for  Antiope  the  recent  stellar 
occultation that gave dense and concise set of chords, 
revealing the silhouettes of its two components [3].
For both objects rich  photometric datasets exist,  and 
they were the basis for our modelling.
      In Figure 1 there is a comparison of the Adaptive 
Optics images for (9) Metis in  two epochs separated 
by  two  hours  compared  to  the  convex  lightcurve 
inversion model [2] plus our results based on the same 
photometric  dataset  as  this  model,  and  in  the  same 
viewing and illumination geometry (at the bottom). 

Fig. 2. Occultation silhouettes of (90) Antiope (left)[3] 
compared to SAGE model of this binary (right) in the 
same geometry. Orbital pole is shown.

       Figure 2 displays the occultation silhouettes of 
(90)  Antiope  components  obtained  on  19  July 2011 
(on the left) [3] and  our model based on lightcurve 
data (on the right).  The lightcurve fit is considerably 
better  than  in  the  previous  works  on  this  object, 
though  the model is  based on the same photometric 
dataset.
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