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Introducing	
  the	
  ET	
  

•  Chi	
  Wu,	
  Decadal	
  Survey	
  Missions	
  Systems	
  
Engineer,	
  Code	
  420	
  at	
  GSFC.	
  

•  James	
  (Jay)	
  Smith,	
  Chief	
  Engineer	
  for	
  
Instrument	
  Systems,	
  Code	
  550.0	
  at	
  GSFC.	
  

•  Richard	
  (Rick)	
  Wesenberg,	
  Senior	
  MSE,	
  Code	
  
592	
  at	
  GSFC.	
  

•  Angela	
  Mason,	
  PACE/Decadal	
  Survey	
  Tier	
  II	
  
Mission	
  Manager,	
  Code	
  420	
  at	
  GSFC.	
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Objec6ve	
  

1.  Develop	
  a	
  generic	
  baseline	
  Ocean	
  Color	
  
Instrument	
  (OCI)	
  instrument	
  concept,	
  
op6onal	
  enhancements	
  and	
  a	
  mission	
  
concept;	
  

2.  Iden6fy	
  driving	
  requirements;	
  assess	
  
technical	
  feasibility	
  

3.  Es6mate	
  cost	
  of	
  baseline	
  instrument,	
  
baseline	
  instrument	
  with	
  enhancements,	
  and	
  
mission;	
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Ground	
  Rules	
  

•  ET	
  takes	
  direc6on	
  from	
  the	
  Program	
  Scien6st	
  
(PS)	
  and	
  Program	
  Execu6ve	
  (PE)	
  only.	
  

•  Members	
  of	
  the	
  ET,	
  ODL,	
  IDL	
  and	
  MDL	
  must	
  
sign	
  the	
  program	
  NDA.	
  

•  Everything	
  the	
  ET	
  produces	
  will	
  be	
  made	
  
public,	
  therefore:	
  
– No	
  proprietary	
  intellectual	
  content;	
  
– No	
  use	
  of	
  compe66on	
  sensi6ve	
  content;	
  
– No	
  use	
  of	
  proprietary	
  labor	
  rates.	
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Key	
  Trades	
  

1.  Ocean	
  Color	
  Instrument	
  (Ground	
  Sample	
  
Distance	
  (GSD)	
  (forward/a\	
  20°	
  6lt	
  	
  for	
  sun	
  
glint	
  avoidance);	
  

2.  OCI	
  +	
  Atmospheric	
  Channels:	
  940nm	
  (25nm),	
  
1380nm	
  (10nm)	
  and	
  2250nm	
  (50nm).	
  

3.  OCI	
  +	
  Atmospheric	
  Channels:	
  GSD	
  op6ons	
  of	
  
500m	
  or	
  250m.	
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Lab	
  Schedule	
  

•  Op6cal	
  Design	
  Laboratory	
  (ODL):	
  	
  
–  3/14-­‐4/18	
  

•  Instrument	
  Design	
  Laboratory	
  (IDL):	
  
–  1k	
  x	
  1k	
  OCI	
  and	
  OCI	
  +	
  Atmospheric	
  Ch:	
  4/9-­‐13/12	
  
–  Op6onal	
  2nd	
  IDL:	
  4/23-­‐27/12	
  

•  Mission	
  Design	
  Laboratory	
  (MDL):	
  
–  5/14-­‐18/12	
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2012
Jan Feb Mar Apr May Jun Jul Aug

3/12/12
PACE Engineering Team Schedule

 

Engineering  Team  (ET) initial 
startup/meeting

ET joins the Science Definition Team 
(SDT) tlecons (Ocean/Atmosphere)

SDT Weekly Telecons

Optical Design Lab (ODL) Study

ODL Weekly Tagup Meetings

SDT Meeting, Arlington Va.

Instrument Design Lab (IDL) Study

Mission Design Lab (MDL) Study

SDT Meeting, DC Area

SDT Final Report

26

9
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14 18

9 14 21 28 6 1318

14 16

9 27

14 18

TBD

31
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Products	
  ET	
  Will	
  Provide	
  

•  IDL	
  Report	
  &	
  Cost	
  Es6mate:	
  OCI;	
  
•  IDL	
  Report	
  &	
  Cost	
  Es6mate:	
  OCI	
  +	
  
Atmospheric	
  Channels;	
  

•  MDL	
  Report	
  &	
  Parametric	
  Cost	
  Es6mate:	
  
Mission	
  +	
  Instruments;	
  

•  Execu6ve	
  Summary	
  (White	
  paper	
  or	
  
PowerPoint).	
  

8	
  



Concept	
  Of	
  Opera6ons	
  (CONOPs)	
  
•  Orbit	
  Requirement:	
  	
  A	
  sun-­‐synchronous	
  polar	
  orbit	
  	
  that:	
  

–  provides	
  high	
  illumina6on	
  intensi6es	
  for	
  accurate	
  retrievals	
  from	
  the	
  rela6vely	
  
dark	
  ocean,	
  

–  minimizes	
  atmospheric	
  path	
  lengths	
  for	
  improved	
  atmospheric	
  correc6ons,	
  
–  minimizes	
  the	
  range	
  of	
  scaeering	
  angles	
  for	
  simplifica6on	
  of	
  atmospheric	
  

correc6ons,	
  
–  Maximizes	
  repeat	
  observa6ons	
  of	
  high	
  la6tudes	
  to	
  improve	
  probabili6es	
  of	
  

viewing	
  cloud-­‐free	
  scenes	
  each	
  day,	
  and	
  
–  Minimizes	
  contamina6on	
  by	
  sun	
  glint	
  
–  Global	
  coverage	
  2	
  days	
  or	
  less;	
  swath	
  widths	
  not	
  to	
  exceed	
  58°;	
  

•  Desired	
  Implementa6on:	
  	
  
–  Good: Sun-synchronous, polar orbit with an equatorial crossing time between 10:30 and 

1:30, with orbit maintained to ±10 minutes over the lifetime of the mission, OR 
–  Better: Sun-synchronous, polar orbit with noon equatorial crossing time, 650 km altitude.	
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Concept	
  Of	
  Opera6ons	
  (CONOPs)	
  

•  Observatory	
  Modes:	
  
– Normal	
  Opera6ons:	
  

•  Global	
  Area	
  Coverage	
  (GAC)	
  Observing:	
  	
  
–  +/-­‐	
  20	
  deg.	
  6lt	
  opera6ons	
  twice	
  per	
  orbit	
  for	
  sun	
  glint	
  avoidance	
  

•  Local	
  Area	
  Coverage	
  (LAC)	
  Observing:	
  Special	
  mode	
  
suppor6ng	
  local	
  area	
  observa6ons.	
  Broadcast?	
  

•  Science	
  Data	
  Downlink:	
  Observe	
  and	
  downlink	
  or	
  observe	
  
only?	
  

•  Safe	
  Mode:	
  Instrument	
  off,	
  thermal	
  control.	
  
•  Launch	
  Mode:	
  Instruments	
  off,	
  standby,	
  caging/de-­‐caging.	
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Concept	
  Of	
  Opera6ons	
  (CONOPs)	
  

•  Observatory	
  Modes	
  (cont’d):	
  
–  Calibra6on:	
  

•  Monthly	
  characteriza6on:	
  Change	
  in	
  all	
  instrument	
  
detectors	
  and	
  Earth-­‐viewing	
  op6cal	
  components	
  through	
  
measurement	
  of	
  a	
  stable	
  illuminated	
  source	
  (e.g.,	
  moon,	
  
constant	
  phase	
  angle)	
  through	
  the	
  Earth	
  viewing	
  port.	
  
-­‐	
  characteriza6on	
  of	
  instrument	
  spectral	
  dri\	
  to	
  within	
  3	
  nm.	
  

•  Daily/Weekly	
  Solar	
  Calibra6on:	
  Solar	
  illuminated	
  internal	
  
test	
  targets	
  (at	
  least	
  three	
  ;	
  Nadir	
  poin6ng	
  -­‐	
  0°	
  6lt)	
  at	
  or	
  near	
  
orbit	
  terminator	
  crossings	
  to	
  provide	
  temporal	
  tracking	
  of	
  
radiometry	
  and	
  spectral	
  dri\	
  sensi6vity;	
  

•  Vicarious	
  Earth	
  based	
  observa6ons	
  when	
  opportuni6es	
  
arise.	
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Concept	
  Of	
  Opera6ons	
  (CONOPs)	
  

•  Communica6on:	
  
–  Command	
  and	
  Observatory	
  Status	
  
–  Data	
  to	
  ground	
  
–  Broadcast	
  service?	
  

•  Mission	
  Opera6ons:	
  
– Where	
  should	
  we	
  assume	
  MOC	
  is	
  located?	
  

•  Science	
  Opera6ons:	
  
– Where	
  should	
  we	
  assume	
  SOC	
  is	
  located?	
  
–  Capacity	
  for	
  full	
  reprocessing	
  of	
  PACE	
  data	
  at	
  a	
  minimum	
  
frequency	
  of	
  1	
  –	
  2	
  6mes	
  annually.	
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Key	
  Observatory	
  Requirements	
  

•  SC	
  &	
  Instruments:	
  Class	
  B	
  per	
  NPR	
  8705.4	
  
•  Prop	
  sub-­‐system	
  required	
  for	
  sta6on	
  keeping.	
  
•  Complete	
  ground	
  sta6on	
  download	
  and	
  
archival	
  of	
  5	
  nm	
  data.	
  	
  

•  Poin6ng	
  knowledge:	
  Known	
  to	
  within	
  TBR	
  
arcsec.	
  

•  Poin6ng	
  control:	
  Image	
  stable	
  within	
  TBR	
  pixel	
  
over	
  TBR	
  msec.	
  (Jieer	
  spec?)	
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Measurement	
  Requirements	
  OES	
  1k	
  x	
  1k	
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Measurement	
  Requirements	
  OES	
  1k	
  x	
  1k	
  (cont’d)	
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Measurement	
  Requirements	
  OES	
  +	
  Atmos	
  1k	
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Measurement	
  Requirements	
  OES	
  +	
  Atmos	
  1k	
  (cont’d)	
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Issues	
  
	
  	
  	
  	
  	
  	
  	
  

•  	
  Jus6fica6on	
  for	
  5	
  nm	
  spectral	
  resolu6on	
  from	
  
350	
  to	
  750	
  nm,	
  in	
  addi6on	
  to	
  spectral	
  bands	
  
for	
  atmospheric	
  correc6ons.	
  ;	
  
–  How	
  is	
  this	
  related	
  to	
  spectral	
  resolving	
  power	
  (R=Δλ⁄λ)?	
  

•  Match	
  between	
  geophysical	
  parameter	
  list	
  
and	
  bands	
  requested.	
  
–  See	
  following	
  two	
  charts,	
  marked	
  with	
  a	
  red	
  “x”.	
  

•  Commercial	
  or	
  custom	
  SC	
  bus	
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Geophysical	
  Parameter	
  List	
  

x	
  
x	
  

x	
  

x	
  

x	
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Geophysical	
  Parameter	
  List	
  
(cont’d)	
  

x	
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Instrument	
  Design	
  Laboratory	
  (IDL)	
  
	
  	
  	
  

•  Ini(al	
  planning	
  	
  
–  mee6ng	
  approx.	
  1	
  month	
  before	
  study	
  
–  Pre-­‐work	
  mee6ng	
  3	
  -­‐4	
  days	
  before	
  study	
  

•  Study	
  execu(on	
  
–  Typically	
  limited	
  to	
  1	
  week	
  in	
  dura6on,	
  with	
  customer	
  par6cipa6on	
  expected	
  the	
  first	
  3	
  days	
  

of	
  the	
  study,	
  internally	
  on	
  4thday,	
  the	
  fi\h	
  day	
  for	
  repor6ng	
  to	
  the	
  customer	
  
–  The	
  IDL	
  team	
  also	
  works	
  internally	
  1	
  day	
  following	
  the	
  study	
  for	
  wrap-­‐up	
  ac6vi6es	
  

•  Cost	
  Es(ma(on	
  
–  Typically	
  the	
  cost	
  es6mate,	
  structural	
  analysis	
  results,	
  and	
  debris	
  assessment	
  are	
  presented	
  7	
  

business	
  days	
  a\er	
  the	
  study	
  
•  Study	
  products	
  

–  Provided	
  1	
  -­‐2	
  weeks	
  following	
  study	
  execu6on	
  
–  No6onal	
  instrument	
  block	
  diagram,	
  Point	
  Design	
  Summary	
  (PDS)	
  spreadsheet	
  to	
  summarize	
  

final	
  instrument	
  configura6on	
  ,	
  Op6cal	
  model	
  (s),	
  Electrical	
  architecture,	
  Thermal	
  model	
  
(based	
  on	
  a	
  preliminary	
  version	
  of	
  the	
  instrument	
  baseline	
  that	
  is	
  published	
  mid-­‐week),	
  
Mechanical	
  model,	
  Structural	
  analysis,	
  if	
  there	
  is	
  sufficient	
  mechanical	
  fidelity,	
  Instrument	
  
performance	
  verifica6on	
  (radiometric	
  and	
  op6cal),	
  Reliability	
  assessment,	
  Poin6ng	
  stability	
  
sensi6vity	
  assessment,	
  Contamina6on	
  assessment,	
  Orbital	
  Debris	
  and/or	
  micrometeorite	
  
assessment,	
  Mass	
  model	
  (a.k.a.	
  master	
  equipment	
  list	
  (MEL)),	
  Cost	
  model	
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Mission	
  Design	
  Laboratory	
  (MDL)	
  
•  Ini(al	
  Planning	
  

–  mee6ng	
  approx.	
  1	
  month	
  before	
  study	
  
–  Pre-­‐work	
  mee6ng	
  3	
  -­‐4	
  days	
  before	
  study	
  

•  Study	
  Execu(on	
  
–  Typically	
  limited	
  to	
  1	
  week	
  in	
  dura6on,	
  with	
  customer	
  par6cipa6on	
  expected	
  the	
  first	
  3	
  days	
  of	
  the	
  study,	
  

internally	
  on	
  4thday,	
  the	
  fi\h	
  day	
  for	
  repor6ng	
  to	
  the	
  customer	
  
–  The	
  MDL	
  team	
  also	
  works	
  internally	
  1	
  day	
  following	
  the	
  study	
  for	
  wrap-­‐up	
  ac6vi6es	
  

•  Cost	
  Es(ma(on	
  
–  Depending	
  on	
  the	
  study,	
  	
  analogous,	
  parametric	
  and	
  grass	
  root	
  cost	
  es6ma6on	
  is	
  offered;	
  
–  MDL	
  cost	
  a	
  custom	
  spacecra\	
  bus	
  and	
  may	
  not	
  provide	
  cost	
  es6mates	
  for	
  commercial	
  SC	
  buses.	
  

•  MDL	
  Services	
  
–  End-­‐to-­‐end	
  mission	
  architecture	
  concept	
  development,	
  exis6ng	
  mission/concept	
  architecture	
  

evalua6ons	
  ,	
  trade	
  studies	
  and	
  evalua6on,	
  technology,	
  risk,	
  and	
  independent	
  technical	
  assessments,	
  
requirement	
  refinement	
  and	
  verifica6on,	
  mass/power	
  budget	
  alloca6on,	
  cost	
  es6ma6on	
  

•  Study	
  Products	
  
–  Flight	
  dynamics/orbit	
  analysis	
  and	
  op6miza6on,	
  mechanical	
  models,	
  performance	
  analysis,	
  thermal	
  

model,	
  analysis	
  and	
  concept	
  design,	
  power	
  analysis,	
  mechanism	
  concept	
  design,	
  communica6on	
  link	
  
analysis,	
  ACS	
  performance	
  analysis	
  and	
  concept	
  design,	
  launch	
  system	
  accommoda6on	
  and	
  
performance	
  analysis,	
  system	
  engineering,	
  	
  I&T,	
  mission	
  and	
  science	
  opera6ons	
  analysis,	
  scheduling,	
  
cost	
  analysis,	
  system	
  block	
  diagrams.	
  Products	
  are	
  extensive	
  and	
  tailored	
  to	
  meet	
  customer	
  
requirement.	
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