
Adap%ve	  Op%cs	  
Special	  Topic	  in	  Astrophysics	  

ASTRON	  250	  -‐	  Fall	  2013	  



AO	  with/for	  high-‐power	  lasers	  

•  J.	  Ballesta	  cannot	  come	  today	  
•  Possibility:	  a	  visit	  of	  a	  high-‐power	  laser	  and	  its	  
AO	  system	  at	  LBL	  (+	  Jerome’s	  presenta%on)	  
– Week	  of	  12/9-‐12	  
–  Interest?	  Possible	  day	  &	  %meslot?	  



Class	  project	  

•  One-‐on-‐one	  mee%ng	  before	  Thanksgiving	  
– Set	  day/%me	  now?	  

•  Format:	  15’	  presenta%on	  +	  10’	  Q&A	  
– ques%ons	  a"er	  presenta%on	  

•  10-‐page	  paper	  (not	  including	  figures)	  
•  Your	  goal:	  teach	  something	  to	  all	  of	  us	  



Class	  wrap-‐up	  
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AO:	  the	  basic	  concept	  

Basic	  goal:	  correct	  for	  
op%cal	  aberra%ons	  

High-‐resolu%on	  imaging	  
Image	  quality	  boos%ng	  
Beam	  control/quality	  



AO	  in	  a	  variety	  of	  fields	  
Night-‐<me	  astronomy	  

Solar	  astronomy	  

Microscopy	  

Vision	  Science	  



Know	  your	  enemy!	  

•  One	  needs	  to	  understand	  (and	  measure)	  the	  
proper%es	  of	  aberra%ons	  to	  correct	  for	  them,	  
or	  an%cipate	  their	  effects	  on	  the	  image	  
–  Ideally	  precisely	  (for	  sta%c	  aberra%ons)	  
–  If	  they	  are	  randomly	  variable,	  key	  sta%s%cal	  
proper%es	  and	  power	  spectrum	  can	  be	  enough	  

•  Situa%ons	  are	  dras%cally	  different	  in	  the	  many	  
applica%ons	  of	  AO	  



A	  natural	  basis	  to	  describe	  aberra%ons	  

m	  =	  0	  

n	  =	  1	  
n	  =	  m	  =	  0	  

global	  piston	  



Op%cal	  conjuga%on	  

•  Pupil	  and	  image	  planes	  are	  conjugated	  
– E/B	  fields	  in	  the	  pupil	  and	  image	  planes	  are	  
connected	  via	  a	  Fourier	  transform	  

– Similarly,	  PSF	  =	  FT[OTF]	  

r0	  /	  D	  

Perfect	  OTF	  



Wavefront	  sensing	  
Image	  plane	   Sharpening	   Conceptually	  simple	   “blind”,	  slow	  

Phase	  
diversity	  

Single	  detector/opt.	  path	   Difficult	  inversion	  
problem,	  esp.	  if	  
object	  is	  resolved	  

Pupil	  plane:	  Modal	   Direct	  measurement	  of	  
most	  important	  modes	  (T/T,	  

focus)	  

Limited	  to	  low-‐
order	  

Pupil	  plane:	  Zonal	   Shearing	  
Interferom.	  

No	  reference	  source	  
needed	  

Requires	  narrow-‐
band	  filtering	  

S.-‐H.	   Conceptually	  simple	  
Sensi%vity	  to	  larger	  

aberra%ons	  

Fixed	  
discre%za%on	  
Complicated	  

op%cs	  
Pyramid	   Higher	  resolu%on	  than	  S.-‐H.	  

Variable	  gain	  built-‐in	  
Con%nuous	  

control	  required	  
Curvature	   Simplicity	  for	  low-‐order	   Scaling	  to	  high-‐

order	  difficult	  



Deformable	  mirrors	  
Con3nuous	   Segmented	  

Smooth	  WF	  surface	  
No	  loss	  of	  light	  (gaps)	  
Modal	  correc%on	  

Easier	  control	  
Larger	  strokes	  

Scalable	  to	  many	  actuators	  
Microchip-‐sized	  op%on	  

Cross-‐actuator	  influence	  
“Dead”	  actuators	  problem	  

Smaller	  strokes	  
Hysteresis	  

Larger	  physical	  size	  

Discre3za3on	  of	  WF	  
Edge	  discon3nui3es	  
Loss	  of	  light	  in	  gaps	  
Diffrac%on	  off	  edges	  

Another	  approach:	  Spa<al	  Light	  Modulator	  



Control	  loop	  

•  Direct	  WFS-‐DM	  link	  (Babcok’s	  idea)	  
•  Matrix-‐vector	  mul%plica%on	  
– Pseudo-‐inverse	  /	  least	  square	  approach	  
– Singular	  value	  decomposi%on	  
– Sparse	  matrix	  techniques	  

•  Fourier	  Transform	  reconstructor	  

•  Fixed	  /	  Adjustable	  control	  scheme	  



Many	  possible	  AO	  architectures	  

complexity	  



Error	  budget	  
Scin0lla0on	  

Non-‐common	  
path	  errors	  

WFS	  
errors	  Reconstruc0on	  errors	  

Fi=ng	  errors	  

Bandwidth	  errors	  

ª  Anisoplana%sm	  
ª  Averaging	  within	  subapertures	  

ª  DM	  influence	  func%on	  
ª  Interac%ons	  between	  DMs	  
ª  WFS	  sampling	  errors	  

ª  Electronic	  noises	  
ª  Dynamic	  calibra%on	  errors	  
ª  Extraneous	  modes	  (vibra%ons)	  



Ask	  an	  unanswered	  ques%on!	  



World-‐wide	  topic,	  local	  exper%se	  

Astronomy	  

Optometry	  
IrisAO	  

EECS	  

MIC	  

UCI	  

UCLA	  

UCSC	  

UCD	  

UCB	  

Lick	  Obs.	  
LLNL	  

NPS	  

LBL	  (high-‐power	  laser)	  

SLAC	  



External	  resources	  

•  Key	  readings	  
– Principles	  of	  AO,	  R.	  Tyson	  [Eng.]	  
– AO	  in	  astronomy,	  F.	  Roddier	  ed.	  [Phy./Ast.]	  
– AO	  for	  astronomical	  telescopes,	  J.	  Hardy	  	  [Phy./Ast.]	  
– AO	  for	  biological	  imaging,	  J.	  Kubby	  ed.	  	  [e-‐book]	  
– Many	  research	  ar%cles	  (back	  to	  the	  source!)	  

•  Websites	  	  
– UC	  Center	  for	  AO	  (CfAO)	  	  	  	  cfao.ucolick.org	  
– Many	  more…	  
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