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Emphasis	  for	  ground-‐based	  support	  of	  
asteroids	  at	  ETA	  

 NASA	  funding	  for	  ground-‐based	  support	  of	  spacecraft	  
missions	  to	  small	  bodies	  has	  increased	  to	  enhance	  
data	  science	  return	  

Future	  Missions	  



Lucy	  mission	  

The	  planned	  orbits	  and	  asteroid	  encounters	  for	  the	  Lucy	  mission.	  	  Credit:	  SwRI	  
(http://futureplanets.blogspot.com/2017/01/lucy-‐and-‐psyche-‐asteroid-‐missions.html)	  



Lucy	  instruments	  

Source:	  http://www.swri.org/press-‐release/swri-‐awarded-‐3-‐million-‐nasa-‐contract-‐develop-‐mission-‐
jupiter%E2%80%99s-‐trojan-‐asteroids#.ViEGTvBdgnc	  

Lucy,	  an	  SwRI	  mission	  proposal	  to	  study	  	  
Primitive	  asteroids	  orbiting	  near	  Jupiter,	  	  
is	  a	  funded/selected	  mission	  within	  NASA	  	  
Discovery	  Program.	  

Science	  payload/instrumentation	  includes:	  

-‐	  Ralph	  -‐	  Panchromatic	  and	  color	  visible	  imager	  and	  	  
Infrared	  spectroscopic	  mapper	  (400nm	  -‐2.5μm).	  L'Ralph	  is	  based	  on	  
the	  Ralph	  instrument	  on	  New	  Horizons	  and	  will	  be	  built	  at	  
Goddard	  Space	  Flight	  Center.	  

-‐	  LORRI	  -‐	  high-‐resolution	  visible	  imager.	  L'LORRI	  is	  derived	  from	  
the	  LORRI	  instrument	  on	  New	  Horizons((350-‐850	  nm)	  and	  will	  be	  
built	  at	  the	  Johns	  Hopkins	  University	  Applied	  Physics	  Laboratory.	  



Lucy	  instruments	  

Source:	  http://www.swri.org/press-‐release/swri-‐awarded-‐3-‐million-‐nasa-‐contract-‐develop-‐mission-‐
jupiter%E2%80%99s-‐trojan-‐asteroids#.ViEGTvBdgnc	  

-‐ TES	  -‐	  thermal	  infrared	  spectrometer.	  	  
L'TES	  is	  similar	  to	  OTES	  on	  the	  OSIRIS-‐REx	  	  
Mission	  (spectral	  range	  5.71–100	  μm)	  	  
and	  will	  be	  built	  at	  Arizona	  State	  University.	  

	  -‐	  The	  radio	  science	  investigation	  will	  determine	  the	  mass	  of	  the	  
Trojans	  by	  using	  the	  spacecraft	  radio	  telecommunications	  hardware	  
to	  measure	  Doppler	  shifts.	  



LUCY	  mission	  and	  	  LBT	  observa-ons	  

  Importance	  -‐	  some	  Eurybates	  members	  spectra	  show	  a	  drop	  
off	  in	  reflectance	  shortward	  of	  0.52μm	  -‐	  similar	  features	  are	  
seen	  in	  main	  belt	  C-‐type	  asteroids	  and	  commonly	  attributed	  
to	  the	  intervalence	  charge	  transfer	  transition	  in	  oxidized	  
iron	  (Fornasier	  et	  al.	  2013).	  	  

 Observations	  -‐	  LBT	  Multi-‐Object	  Double	  Spectrographs	  
(MODS	  1)	  -‐	  Imager	  and	  spectrograph	  covering	  0.32-‐1.1	  
microns	  with	  a	  6'x6'	  FOV.	  



Example	  LBT	  MODS	  observa-on	  

(469219)	  2015	  HO3	  Visible	  Spectra	  Acquired	  with	  MODS	  

Credit:	  	  Vishnu	  Reddy	  (AAS/DPS	  2017,	  Provo)	  	  



Lucy	  targeted	  asteroids	  

Estimated	  	   ETA	  targets	  

12	  Aug	  2027	  

15	  Sep	  2027	  

18	  Apr	  	  2028	  

11	  Nov	  2028	  

	  02	  Mar	  2033	  	  

Lucy 

Albedo (µm) 
0.052 
0.091 
0.079 
0.075 
0.047 



JPL	  Horizons	  repository	  and	  SPICE	  workflow	  

JPL	  SPICE	  SPK/
expect	  &	  tcl	  

Expect	  &	  tcl+	  
python	  

wrappers/access	  
JPL	  Horizons	  

Asteroids	  ground	  
observation	  
opportunities	  

around	  ETA/LUCY	  
rendevous	  

Python/	  
observations	  
extraction	  

JPL	  Horizons	  

•  can	  be	  used	  for	  observational	  trajectories	  
•  uses	  SPK-‐expect	  &	  tcl	  
•  however,	  info	  for	  LUCY	  are	  not	  yet	  there	  
•  so	  implementation	  should	  hold	  till	  2025	  

Selection	  of	  observations	  -‐	  
astronomical	  twilight	  
conditions	  	  “A”	  -‐	  

•  …or	  perhaps	  just	  after	  I’ll	  take	  the	  SPICE	  training	  



SPICE	  SPK	  
  JPL	  SPICE	  SPK	  -‐	  which	  stands	  for	  S(pacecraft)	  and	  P(lanet)	  Kernel	  file	  

allows	  ephemerides	  for	  any	  collection	  of	  solar	  system	  bodies	  to	  be	  
combined	  under	  a	  common	  file	  format	  to	  be	  used	  in	  NAIF	  and	  JPL	  
Horizons	  	  

  	  JPL	  NAIF	  –	  science	  planning	  kernel	  within	  NAvigation	  InFormation	  
system	  is	  used	  for	  mission	  data	  planning	  and	  is	  based	  on/use	  SPICE	  
SPK	  	  

  scripts	  provided	  for	  SPK	  processing	  enable	  interaction	  with	  JPL	  
Horizons	  (ftp://ssd.jpl.nasa.gov/pub/ssd/Horizons_doc.pdf,	  	  
(https://ssd.jpl.nasa.gov/x/spk.html)	  

  SPK	  commented	  scripts	  written	  in	  the	  Expect	  programming	  
language	  requires	  both	  Expect	  and	  Tcl	  languages	  be	  installed	  and	  
can	  be	  easily	  used	  through	  python	  wrappers	  

  Lucy	  SPK	  is	  not	  yet	  part	  of	  JPL	  SPICE	  SPK	  -‐	  the	  mission	  has	  not	  been	  
launched	  yet…	  



Expect	  +	  Tcl	  &	  Python	  scripts	  

•  call	  to	  JPL	  Horizons	  through	  Tcl	  to	  extract	  asteroids	  info	  during	  month	  of	  
ETA	  



Expect	  +Tcl	  &	  Python	  scripts	  

•  ETA	  observation	  extraction	  from	  JPL	  Horizons	  
	  derived	  files-‐	  	  use	  “Astronomical	  twilight	  condition”	  



Results	  Eurybates,	  Polymele	  



Results	  Leucus,	  Orus,	  Patroclus	  	  



Results	  Leucus	  	  



Thoughts	  on	  process	  involved	  

  understanding	  JPL	  Horizons	  parameters	  and	  retrieved	  
data	  meaning	  for	  data	  extraction	  

 Tcl	  scripts	  using	  Expect	  and	  Tcl	  language	  environment	  

  understand/use	  Expect	  and	  .Tcl	  scripts	  and	  parameters	  

  use	  of	  python	  as	  wrappers	  processing	  in	  combination	  
with	  Expect	  and	  Tcl	  

  use	  of	  python	  as	  processing	  language	  in	  use	  of	  list	  vs.	  
arrays	  formats	  



Future	  work	  
  Lucy	  SPK	  is	  not	  yet	  part	  of	  JPL	  SPICE	  SPK	  -‐	  the	  mission	  has	  not	  been	  launched	  

yet…	  

  tested	  configuration	  for	  Eurybates	  close	  approach	  SPK	  using	  approximate	  
values	  –	  results	  simply	  returned	  no	  close	  approach	  between	  2000-‐2050	  

  further	  work	  with	  SPICE	  SPK	  and	  training	  	  

  Other	  resources	  and	  documentation:	  
ftp://ssd.jpl.nasa.gov/pub/ssd/Horizons_doc.pdf	  

  sites	  for	  SPK	  calculation/estimates	  
https://naif.jpl.nasa.gov/pub/naif/toolkit_docs/C/req/spk.html#Purpose	  

  Asteroid	  &	  Comet	  SPK	  File	  Generation	  Request	  
https://ssd.jpl.nasa.gov/x/spk.html	  	  

  Spicey.py	  on	  GitHub	  -‐	  SPICE	  toolkit	  wrapper	  in	  Python	  –	  	  
https://github.com/AndrewAnnex/SpiceyPy	  



Expect	  +	  Tcl	  &	  Python	  scripts	  

•  test	  with	  close-‐approach-‐tbl.tcl	  SPK	  script	  using	  	  close_approach_tbl.inp	  to	  derive	  
close	  approach	  at	  ETA….	  



Lucy	  close-‐approach	  test	  



SPK	  quest	  



SPK	  quest	  



SPK	  quest	  



Conclusions	  

  we	  have	  developed	  software	  and	  procedures	  to	  extract	  data	  from	  JPL	  Horizons	  

  this	  information	  will	  be	  used	  to	  plan	  observations,	  for	  example,	  like	  the	  LBT	  
MODS	  spectra	  shown	  earlier	  

  we	  are	  working	  to	  use	  the	  SPK	  information	  at	  JPL	  that	  is	  currently	  available	  for	  
this	  mission	  



SSFA-‐UH	  Hilo	  23-‐Jul	  to	  03-‐Aug,	  2018	  



Thank	  you!	  

Ques-ons?	  


