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Scien*fic	
  Mo*va*on	
  

•  Standard	
  units	
  for	
  each	
  
observa*on	
  
–  Self-­‐comparison	
  and	
  other	
  missions	
  

•  Modeling	
  comparison	
  using	
  
absolute	
  intensity	
  

•  Calibra*on	
  factors	
  available	
  daily	
  
– Normally	
  imagers	
  must	
  be	
  removed	
  
from	
  field	
  

•  Automated	
  (systema*c	
  and	
  
mathema*cal)	
  method	
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Kas*ng	
  &	
  Hays,	
  1977	
  



Instrumental	
  Setup	
  

•  Field	
  of	
  view	
  (19,	
  47,	
  and	
  
180⁰	
  FoV)	
  

•  Readout	
  rate	
  (10	
  MHz	
  
max)	
  

•  Resolu*on	
  (1024x1024	
  
pixels	
  @	
  13	
  μm/side)	
  

•  Filters	
  (2	
  nm	
  passband)	
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Irwin,	
  2007	
  

White	
  =	
  Observed	
  
Red	
  =	
  Star	
  Mapping	
  Sohware	
  
(thanks	
  to	
  UAF/Hampton)	
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​  𝑓↓𝑑𝑒𝑡 (𝜃,𝐴,𝑡)=∫0↑∞▒​𝐵𝐵↓𝑓𝑙𝑢𝑥 (𝜆)∗ 𝐴𝑡𝑚(𝜆,𝜃)∗​𝑇↓𝑓𝑖𝑙𝑡 (𝜆)∗𝑄𝐸(𝜆)ⅆ𝜆	
  

Poole	
  et	
  al.,	
  2008	
   Sperlich	
  and	
  Stolz,	
  2013	
  

Atmospheric	
  Effects:	
  
•  Ex*nc*on	
  
•  Transmission	
  Coefficient	
  
•  Clouds	
  
•  “Seeing”	
  

Zombeck,	
  2006	
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Using	
  star	
  mapping	
  for	
  θ,	
  
Area	
  of	
  aperture	
  =	
  π	
  cm^2,	
  
and	
  1	
  s	
  exposure	
  *me:	
  	
  

​𝑓↓𝑑𝑒𝑡 (​𝜃↓𝑠𝑡𝑎𝑟 ,𝐴,𝑡)∗𝜋= ​𝐶↓𝛾 	
  

Field	
  of	
  View:	
  47⁰	
  =	
  .82	
  radians	
  
​.82/256 =.0032	
  radians	
  to	
  each	
  side	
  of	
  
the	
  pixel.	
  
	
  
Used	
  to	
  derive	
  intensity	
  in	
  Rayleighs	
  
measured	
  by	
  each	
  pixel.	
  



Summary	
  

•  Star	
  mapping	
  needs	
  improvement	
  
•  Technique	
  needs	
  to	
  be	
  fully	
  automated	
  
•  Star	
  calibra*on	
  show	
  lots	
  of	
  promise	
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Ques*ons?	
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Image	
  Thresholding	
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Flat-­‐Fielding	
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Abstract	
  
•  The	
  aim	
  of	
  this	
  research	
  is	
  the	
  development	
  a	
  technique	
  for	
  the	
  periodic	
  

and	
  systema*c	
  calibra*on	
  of	
  ground-­‐based	
  imagers	
  during	
  deployment.	
  
Imagers	
  experience	
  a	
  reduc*on	
  in	
  quantum	
  efficiency	
  as	
  electronics	
  decay	
  
from	
  use	
  over	
  *me.	
  In	
  addi*on,	
  random	
  events	
  (cosmic	
  rays	
  or	
  bright	
  
ambient	
  light)	
  may	
  change	
  characteris*cs	
  of	
  the	
  detector	
  in	
  a	
  short	
  period	
  
of	
  *me.	
  It	
  important	
  for	
  each	
  mission	
  using	
  these	
  instruments	
  to	
  have	
  a	
  
common	
  system	
  of	
  units	
  (Rayleighs	
  or	
  photon	
  flux)	
  for	
  cross-­‐comparison	
  
as	
  well	
  as	
  self-­‐comparison	
  over	
  *me	
  as	
  decay	
  occurs.	
  With	
  the	
  
advancement	
  in	
  technology,	
  the	
  quantum	
  efficiency	
  and	
  signal-­‐to-­‐noise	
  
ra*o	
  of	
  these	
  imagers	
  has	
  improved	
  so	
  that	
  stars	
  within	
  the	
  field-­‐of-­‐view	
  
may	
  be	
  used	
  for	
  calibra*on.	
  Background	
  subtrac*on,	
  flat-­‐fielding,	
  star-­‐
mapping,	
  and	
  other	
  common	
  techniques	
  are	
  combined	
  in	
  deriving	
  a	
  
calibra*on	
  technique	
  appropriate	
  for	
  a	
  variety	
  of	
  ground-­‐based	
  imager	
  
missions.	
  These	
  techniques	
  take	
  quantum	
  efficiency,	
  field-­‐of-­‐view,	
  and	
  
wavelength	
  filtering	
  into	
  account	
  during	
  calcula*ons.	
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Scien*fic	
  Mo*va*on	
  
•  Ionosphere/Magnetosphere	
  Interac*on	
  
–  Small	
  scale	
  structures	
  

•  Forma*on/Cause	
  
– Auroral	
  accelera*on	
  region	
  

•  Accelera*on	
  mechanism	
  

•  Electron	
  energy	
  predic*on	
  	
  
–  Electron	
  transport	
  models	
  	
  

•  Rees	
  and	
  Luckey,	
  Strickland/Hecht	
  et	
  al.,	
  and	
  Khazanov	
  
(Physical)	
  

– Model	
  verifica*on	
  
•  In-­‐situ	
  and	
  ground-­‐based	
  measurement	
  comparison	
  

Kane	
  110	
  –	
  June	
  25th,	
  2015	
   CEDAR	
  Workshop	
  2015	
  (Grubbs)	
   19	
  



Outline	
  
•  Background	
  -­‐	
  GREECE	
  
– MOOSE	
  Imagers	
  
– GREECE	
  Rocket	
  

•  Methodology	
  
– APES	
  Calibra*on	
  
– Auroral	
  Photometry	
  

•  Results	
  
–  Star	
  Calibra*on	
  
– GREECE/MOOSE	
  Comparison	
  

•  Discussion	
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Background	
  –	
  GREECE	
  Mission	
  

•  Ground-­‐to-­‐Rocket	
  Electrodynamics-­‐
Electrons	
  Correla*ve	
  Experiment	
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•  High	
  *me	
  resolu*on,	
  mul*spectral,	
  2-­‐D:	
  
–  EMCCD	
  Technology	
  
–  Narrow-­‐band	
  filters	
  (2	
  nm)	
  

•  Photometry	
  
– Measurement	
  of	
  light	
  intensity/flux	
  

•  Mesoscale	
  
–  Structures	
  ranging	
  approximately	
  one	
  to	
  several	
  hundred	
  
kilometers	
  

•  Precipita*on	
  Es*mates	
  
–  In-­‐situ	
  electron	
  energy	
  predic*on	
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