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Space	  Opera6ons	  Scheduling	  

•  Produce	  a	  high	  level	  ac6vity	  lis6ng	  or	  a	  low	  
level	  command	  sequence	  

•  Achieving	  specified	  opera6ons	  goals	  (science,	  
or	  engineering)	  

•  While	  respec6ng	  Opera6ons	  constraints	  of	  the	  
spacecraV	  

•  Consistent	  with	  exogenous	  events	  (Orbit,	  
uplinks,	  downlinks,	  visibili6es,	  occulta6ons,	  
etc.)	  



Problem	  Defini6on	  

•  Mapping	  Observa6ons	  
– Systema6cally	  cover	  a	  wide	  area	  of	  a	  planet	  under	  
specified	  condi6ons	  (e.g.	  solar	  angle)	  	  

•  Targeted	  Observa6ons	  
– Cover	  a	  small	  region	  under	  certain	  condi6ons	  (e.g.	  
MSL	  landing	  site	  characteriza6on,	  Olivene	  search)	  

•  Opera6ons	  Constraints	  
– Limited	  onboard	  storage,	  instrument	  6ming,	  
uplink,	  downlink,	  etc.	  



Solu6on	  Defini6on	  
Given	  	  
	  a	  set	  of	  poten6al	  observa6on	  records	  	  O	  =	  {o1…on}	  
	  a	  set	  of	  regions	  of	  interest	  R	  =	  {r1…rn}	  
	  a	  set	  of	  instrument	  swaths	  I	  =	  {i1…in}	  
	  Where	  ∀	  oi	  ∈	  O	  ∃(ri,	  ii)	  grid(oi)	  ∈	  grid(ri	  )	  ∧	  grid(oi)	  ∈	  grid(ii	  )	  	  
	  a	  scoring	  func6on	  U(ri)	  à	  real	  
	  a	  constraint	  func6on	  C	  (S)	  →	  T,F	  	  
	   	  where	  	  S	  ⊆	  O	  	  and	  C	  is	  True	  if	  S	  sa6sfies	  spacecraV	  
constraints	  	  

	  	  
Select	  a	  set	  of	  observa6ons	  A	  
To	  maximize	  Σa	  ∈	  A	  U(a)	  	  subject	  to	  C(A)	  →	  T	  	  	  
	  



Spa6al	  Coverage	  	  

•  Grid	  representa6on	  
– Overlap	  is	  considered	  by	  common	  points	  on	  a	  grid	  

•  Makes	  schedule	  maximiza6on	  problem	  
–  Individual	  candidate	  observa6ons	  receive	  credit	  
for	  covering	  grid	  points	  of	  regions	  of	  interest	  (or	  
mapping	  areas)	  

– Goal	  is	  to	  select	  observa6ons	  to	  maximize	  spa6al	  
coverage	  score	  



Example	  ROI	  Representa6on	  
Regions	  for	  
Campaign	  1	  

ROI	  Science	  Campaign	  

Polygon12	  

or	  

Polygon14	   Polygon16	   Polygon18	  



Example	  Mapping	  
Region	  
around	  
subsolar	  
point	  

Mapping	  Campaign	  

O1-‐Poly	  

not	  

O2-‐Poly	   O3-‐Poly	   On-‐Poly	  

and	  

Subsolar	  	  
region	  

Area	  of	  
science	  
interest	   Excluding	  areas	  

already	  covered	  



Observa6on	  Records	  
It	  is	  possible	  to	  
construct	  all	  
possible	  

observa6on	  
records,	  where	  an	  
observa6on	  record	  
is	  a	  possible	  data	  

acquisi6on	  

Some	  records	  
may	  subsume	  
other	  records,	  
spa6ally,	  in	  
resolu6on,	  or	  
spectrally	  

Given	  a	  spacecraV	  
trajectory	  (orbit)	  

And	  a	  spacecraV	  
instrument	  footprint	  



Solu6on	  Defini6on	  

1.	  A	  subset	  of	  
possible	  

observa6on	  
records	  

2.	  To	  maximize	  
coverage	  score	  
over	  regions	  of	  

interest	  

X 
X 

X 

3.	  That	  passes	  
spacecraV	  
opera6ons	  
constraints	  



Approach	  –	  Generate	  &	  Test	  

•  Add/Change	  Observa6ons	  
–  Increase	  score	  

•  Evaluate	  Constraints	  
•  Accept	  if	  feasible	  
•  Con6nue	  un6l	  cannot	  add	  any	  further	  
•  Squeaky	  wheel	  



THEMIS	  /	  ODY	  Mission	  

•  THEMIS	  is	  the	  principal	  Instrument	  on	  the	  
Odyssey	  mission	  

•  THEMIS	  has	  Infrared	  (IR)	  and	  Visible	  imaging	  
capability	  



THEMIS	  Observa6on	  Selec6on	  

•  Select	  observa6ons	  to	  maximize	  
•  Targeted	  (region	  of	  interest)	  score	  
•  Mapping	  score	  

•  While	  respec6ng	  opera6ons	  constraints	  
– Observa6on	  spacing	  
– Observa6on	  length	  
– Onboard	  Storage	  
– Command	  buffer	  



THEMIS	  SWO	  Algorithm	  
•  Ini6alize	  observa6on	  priority	  to	  science	  campaign	  score	  
•  Sort	  candidate	  observa6ons	  by	  decreasing	  priority	  
•  Add	  each	  observa6on	  

–  Add	  observa6ons	  implied	  by	  addi6on	  
–  New	  plan	  consistent	  with	  opera6ons	  constraints	  

•  TRUE	  –	  return	  to	  add	  step	  
•  FALSE	  –	  remove	  observa6on,	  return	  to	  add	  step	  

•  Done	  when	  no	  more	  observa6ons	  	  to	  consider	  

•  Save	  schedule	  if	  best	  so	  far	  
•  Increase	  the	  priority	  of	  all	  observa6ons	  not	  gejng	  into	  

schedule	  	  	  



THEMIS	  Context	  

•  Prac6cally	  speaking,	  THEMIS	  science	  planners	  
work	  on	  two	  schedules	  per	  week,	  each	  of	  3-‐4	  
Earth	  days	  at	  a	  6me.	  	  
– Because	  of	  the	  automa6on,	  there	  is	  interest	  in	  
construc6ng	  scheduled	  of	  7	  days	  for	  analysis	  
purposes	  and	  CLASP-‐TOST	  has	  been	  tested	  on	  a	  
one	  week	  planning	  horizon.	  	  

	  



THEMIS	  Context	  

•  Each	  day	  of	  schedule	  translates	  into	  hundreds	  
of	  thousands	  of	  map	  grid	  points	  that	  must	  be	  
evaluated.	  	  

•  On-‐board	  storage	  for	  science	  data	  is	  the	  
primary	  factor	  limi6ng	  the	  THEMIS	  
observa6on	  volume,	  allowing	  only	  a	  few	  hours	  
of	  observa6on	  6me	  each	  day.	  	  



Sample	  Schedule	  



THEMIS	  Results	  

•  Below	  we	  show	  the	  run6me	  performance	  of	  
CLASP-‐TOST	  on	  a	  four	  and	  seven	  day	  
schedules	  
–  	  64	  bit	  Red	  Hat	  Linux,	  dual	  core	  2.4GHz	  AMD	  
Opteron,	  16GB	  RAM,	  -‐O2	  op6miza6on	  



Status	  

•  TOST	  not	  accepted	  for	  opera6onal	  use	  for	  
THEMIS	  
– Manual	  scheduling	  allows	  for	  greater	  tailoring	  of	  
observa6on	  campaigns	  

•  Coverage	  analysis	  capability	  has	  been	  used	  for	  
numerous	  mission	  studies	  
– Enables	  missions	  in	  concept	  phase	  to	  bemer	  
understand	  how	  mission	  design,	  spacecraV	  
design,	  opera6ons	  concept	  affects	  mission	  return	  



Related	  Work	  

•  Rela6vely	  limle	  work	  in	  spa6al	  coverage	  
planning	  

•  Excep6ons	  include	  CLASP	  for	  DesdynI	  planning	  
•  Considerable	  other	  work	  in	  space	  opera6ons	  
planning	  for	  HST,	  MAMM,	  Orbital	  Express,	  
EO-‐1,	  Mars	  Express,	  Space	  Shumle,	  and	  others	  



Future	  Work	  

•  Implementa6on	  of	  alterna6ve	  op6miza6on	  
methods	  and	  comparison	  of	  these	  to	  SWO	  

•  Inves6gate	  methods	  of	  rewarding	  “regularity”	  
in	  coverage	  pamerns	  (in	  mapping).	  

•  Considering	  non	  linear	  /	  interdependent	  
scoring	  func6ons	  



Conclusions	  
•  Spa6al	  coverage	  aspects	  can	  be	  represented	  as	  
op6miza6on	  by	  quan6za6on	  of	  coverage/overlap	  

•  Oversubscribed	  schedule	  op6miza6on	  problem	  
can	  then	  be	  amacked	  using	  a	  wide	  range	  of	  
techniques	  

•  We	  present	  use	  of	  squeaky	  wheel	  op6miza6on	  
to	  solve	  such	  a	  problem	  

•  We	  present	  the	  applica6on	  of	  these	  techniques	  
to	  observa6on	  selec6on	  for	  the	  Mars	  Odyssey	  
THEMIS	  Instrument	  


