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Introduc)on	  
	  
The	  original	  trajectory	  of	  the	  Hayabusa	  spacecra8	  while	  hovering	  over	  the	  asteroid	  
25143	  Itokawa	  possessed	  several	  inaccuracies	  that	  made	  it	  ini,ally	  very	  difficult	  to	  
reconstruct	  the	  topography	  of	  the	  asteroid	  from	  the	  lidar	  range	  measurements	  and	  
es,mate	  the	  gravita,onal	  forces	  of	  the	  asteroid	  (Figure	  1)	  [1,2].	  An	  important	  
improvement	  to	  the	  es,mate	  of	  the	  spacecra8	  trajectory	  was	  calculated	  by	  fi]ng	  
parabolas	  to	  the	  Hayabusa	  spacecra8	  housekeeping	  data	  collected	  at	  two	  minute	  
intervals	  [2].	  These	  data	  simultaneously	  provided	  the	  centroid	  loca,on	  of	  the	  asteroid	  in	  
the	  field	  of	  view	  of	  the	  wide-‐angle	  camera	  aboard	  the	  Hayabusa	  spacecra8,	  and	  a	  range	  
measurement	  to	  the	  asteroid	  surface	  [3].	  	  
	  
Despite	  significant	  improvements	  in	  the	  results,	  errors	  of	  several	  meters	  in	  the	  
measured	  range	  persisted.	  In	  this	  poster	  we	  describe	  an	  algorithm	  to	  further	  improve	  
this	  first	  es,mate	  of	  the	  spacecra8	  trajectory	  as	  well	  as	  the	  loca,on	  of	  the	  lidar	  tracks	  
by	  making	  use	  of	  a	  high	  resolu,on	  Itokawa	  shape	  model	  [4,5]	  to	  shi8	  the	  trajectory	  so	  
that	  the	  lidar	  points	  be_er	  match	  Itokawa’s	  topography.	  
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Future	  Work	  
	  
Future	  work	  includes	  improving	  accuracy	  further	  and	  tes,ng	  
the	  approach	  on	  NEAR’s	  Laser	  Rangefinder	  data	  of	  Eros	  and	  
possibly	  other	  missions.	  In	  addi,on	  we	  hope	  to	  use	  the	  
solu,ons	  of	  this	  approach	  for	  compu,ng	  a	  be_er	  es,mate	  of	  
the	  gravity	  of	  Itokawa.	  
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Method	  
	  
The	  following	  algorithm	  was	  performed	  to	  
improve	  the	  lidar	  data:	  
•  Divide	  data	  into	  small	  overlapping	  tracks	  of	  

several	  hundred	  points	  each	  
•  For	  each	  track:	  

•  Let	  S	  be	  set	  of	  lidar	  points	  (the	  source	  
points)	  

•  Let	  T	  be	  intersec,on	  points	  on	  
asteroid	  along	  line	  joining	  spacecra8	  
posi,on	  and	  lidar	  point	  (the	  target	  
points)	  

•  Perform	  a	  point	  matching	  scheme	  
(described	  next)	  to	  find	  the	  op,mal	  
transla,on	  that	  best	  matches	  the	  
source	  points	  S	  to	  the	  target	  points	  T.	  

•  Apply	  op,mal	  transla,on	  to	  original	  
lidar	  points	  S	  as	  well	  as	  to	  the	  
spacecra8	  posi,ons	  to	  produce	  the	  
improved	  data.	  

•  Take	  average	  of	  overlapping	  tracks	  

Results	  
	  
We	  validated	  the	  algorithm	  with	  3	  approaches:	  
	  
1.   Mean	  Range	  Error:	  We	  computed	  the	  error	  in	  range	  using	  the	  es,mated	  spacecra8	  trajectory	  averaged	  over	  all	  lidar	  points	  

both	  before	  and	  a8er	  running	  the	  algorithm.	  We	  obtained	  a	  reduc,on	  of	  about	  4	  meters,	  from	  about	  7.4	  to	  3.5	  meters.	  	  
2.   Comparison	  with	  Stereo-‐Photoclinometry:	  We	  obtained	  highly	  accurate	  posi,ons	  of	  the	  Hayabusa	  spacecra8	  at	  several	  

hundred	  points	  in	  ,me	  during	  Hayabusa’s	  orbit	  of	  Itokawa	  derived	  using	  Stereo-‐Photoclinometry,	  or	  SPC,	  [4]	  that	  provides	  
accurate	  es,mates	  of	  spacecra8	  posi,ons	  during	  the	  process	  of	  crea,ng	  the	  Itokawa	  shape	  model	  using	  the	  images	  acquired	  
by	  Hayabusa’s	  AMICA	  imager.	  We	  computed	  the	  error	  between	  the	  corrected	  posi,ons	  of	  the	  spacecra8	  as	  computed	  by	  this	  
algorithm	  and	  the	  posi,ons	  of	  the	  spacecra8	  as	  computed	  by	  SPC	  and	  found	  a	  modest	  reduc,on	  in	  error	  by	  about	  one	  meter,	  
from	  about	  11	  to	  10	  meters.	  	  

3.   Visual	  Inspec)on:	  Figures	  2-‐4	  below	  show	  comparisons	  of	  the	  lidar	  data	  before	  and	  a8er	  the	  algorithm	  was	  run.	  No,ce	  that	  the	  
improved	  lidar	  data	  is	  closer	  to	  the	  asteroid	  than	  the	  original	  lidar.	  	  

In	  addi,on,	  the	  lidar	  data	  has	  been	  archived	  on	  the	  PDS	  [7]	  and	  is	  available	  for	  download.	  

Figure	  5:	  Close	  up	  view	  of	  original	  (light	  blue)	  and	  improved	  (yellow)	  
lidar	  data	  acquired	  on	  Oct	  15,	  2005	  with	  the	  Itokawa	  shape	  model.	  
The	  yellow	  points	  are	  no,ceably	  closer	  to	  the	  asteroid.	  

Figure	  3:	  The	  original	  lidar	  data	  for	  the	  month	  of	  November,	  
2005	  where	  magenta	  is	  the	  lidar	  data	  and	  white	  is	  the	  
intersect	  of	  the	  lidar	  boresight	  with	  the	  Itokawa	  shape	  model.	  

Figure	  4:	  The	  improved	  lidar	  data	  for	  the	  month	  of	  November,	  
2005	  where	  magenta	  is	  the	  lidar	  data	  and	  white	  is	  the	  intersect	  
of	  the	  lidar	  boresight	  with	  the	  Itokawa	  shape	  model.	  

Figure	  1:	  These	  images	  illustrate	  the	  inaccuracies	  of	  the	  original	  spacecra8	  trajectory.	  The	  le8	  image	  
shows	  the	  very	  noisy	  nature	  of	  the	  trajectory	  prior	  to	  smoothing	  with	  parabolas.	  The	  right	  image	  
shows	  how	  the	  outline	  of	  Itokawa	  as	  would	  be	  computed	  using	  the	  original	  trajectory	  differs	  from	  
the	  outline	  of	  Itokawa	  as	  seen	  on	  the	  acquired	  AMICA	  image.	  

Point	  Matching	  algorithm:	  The	  point-‐matching	  scheme	  used	  is	  a	  varia,on	  of	  the	  Itera,ve	  
Closest	  Point	  (ICP)	  algorithm	  [6]	  which	  seeks	  to	  find	  a	  transforma,on	  that	  best	  aligns	  the	  
source	  points	  S	  with	  the	  target	  points	  T.	  The	  algorithm	  has	  the	  following	  steps:	  
•  Translate	  set	  S	  so	  that	  its	  centroid	  is	  coincident	  with	  centroid	  of	  set	  T.	  
•  Iterate	  the	  following	  two	  steps	  un,l	  there	  is	  no	  more	  reduc,on	  in	  error	  or	  a	  maximum	  

number	  of	  itera,ons	  is	  reached:	  
1.  For	  each	  point	  in	  S,	  find	  the	  closest	  point	  in	  T.	  
2.  Minimize	  the	  sum	  of	  squared	  difference	  between	  sets	  S	  and	  T	  using	  the	  

correspondence	  computed	  in	  step	  1.	  
	  
Notes:	  
•  We	  assume	  that	  tracks	  are	  small	  enough	  such	  that	  only	  a	  simple	  transla,on	  is	  enough	  to	  

shi8	  the	  track	  so	  that	  it	  be_er	  matches	  the	  surface	  of	  the	  asteroid.	  
•  We	  also	  assume	  the	  poin,ng	  informa,on	  is	  correct	  (as	  was	  found	  to	  be	  sufficiently	  

accurate	  in	  [2]).	  
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Figure	  2:	  Shows	  how	  a	  slight	  transla,on	  of	  the	  
spacecra8	  trajectory	  toward	  the	  target	  points,	  T,	  
on	  the	  shape	  model	  will	  make	  the	  lidar	  track	  
be_er	  match	  the	  surface	  of	  shape	  model.	  
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