
Image	
  Deconvolu.on	
  

Aron	
  Liu	
  



Problems	
  from	
  HW5	
  

•  When	
  adding	
  a	
  small	
  amount	
  of	
  Gaussian	
  white	
  
noise,	
  the	
  noise	
  overwhelms	
  the	
  image	
  a@er	
  
dividing	
  by	
  the	
  point	
  spread	
  func.on’s	
  (PSF’s)	
  FFT	
  

•  In	
  most	
  useful	
  applica.ons,	
  the	
  PSF	
  isn’t	
  known.	
  
How	
  do	
  you	
  reconstruct	
  both	
  the	
  original	
  image	
  
and	
  the	
  PSF?	
  



Regulariza.on	
  

•  What	
  is	
  an	
  ill-­‐posed	
  problem?	
  
– A	
  solu.on	
  does	
  not	
  exist	
  or	
  is	
  not	
  unique,	
  or	
  
–  The	
  solu.on	
  is	
  highly	
  sensi.ve	
  to	
  the	
  ini.al	
  condi.ons	
  
&	
  may	
  not	
  change	
  con.nuously	
  when	
  the	
  ini.al	
  
condi.ons	
  change	
  

•  Inverse	
  problems	
  such	
  as	
  image	
  deconvolu.on	
  
are	
  commonly	
  ill-­‐posed	
  

•  What	
  is	
  regulariza.on?	
  
– Adding	
  addi.onal	
  constraints	
  to	
  an	
  ill-­‐posed	
  problem	
  
to	
  find	
  a	
  favorable	
  solu.on	
  



Tikhonov	
  Regulariza.on	
  

•  Also	
  called	
  the	
  Tikhonov-­‐Miller	
  method,	
  the	
  
Phillips-­‐Twomey	
  method,	
  the	
  Tikhonov-­‐Phillips	
  
method,	
  the	
  constrained	
  linear	
  inversion	
  
method,	
  linear	
  regulariza.on,	
  or	
  ridge	
  
regression	
  

•  Invented	
  independently	
  in	
  many	
  different	
  
contexts	
  

•  Commonly	
  used	
  for	
  linear	
  ill-­‐posed	
  problems	
  



Tikhonov	
  Regulariza.on	
  

•  Basic	
  problem:	
  

•  Tikhonov	
  regulariza.on:	
  

•  λ	
  =	
  acts	
  on	
  the	
  size	
  of	
  the	
  solu.on,	
  has	
  some	
  op.mal	
  value	
  
•  This	
  extra	
  constraint	
  prevents	
  pixel	
  values	
  of	
  x	
  from	
  becoming	
  

too	
  large	
  
•  Acts	
  as	
  a	
  “weight”	
  on	
  each	
  pixel	
  value	
  



Tikhonov	
  Regulariza.on	
  

•  Alternate	
  forms:	
  

•  Intui.on:	
  



Tikhonov	
  Regulariza.on	
  



What	
  about	
  when	
  the	
  PSF	
  is	
  
unknown?	
  

•  This	
  problem	
  is	
  called	
  “blind	
  image	
  
deconvolu.on”	
  and	
  many	
  algorithms	
  exist	
  to	
  
solve	
  it	
  

•  Itera.ve	
  algorithms	
  
– operate	
  on	
  the	
  result	
  of	
  the	
  previous	
  itera.on	
  and	
  
converge	
  toward	
  the	
  final	
  result	
  

– More	
  versa.le	
  than	
  linear	
  methods	
  BUT	
  at	
  the	
  
cost	
  of	
  compu.ng	
  .me	
  



Itera.ve	
  Blind	
  Deconvolu.on	
  

•  Start	
  with	
  the	
  blurry	
  image	
  and	
  an	
  ini.al	
  
es.mate	
  of	
  the	
  deconvolved	
  image	
  or	
  PSF	
  

•  Given	
  some	
  informa.on	
  about	
  the	
  
deconvolved	
  image	
  and	
  PSF,	
  create	
  a	
  new	
  
es.mate	
  of	
  the	
  image	
  and	
  PSF	
  



Itera.ve	
  Blind	
  Deconvolu.on	
  



Blind	
  Image	
  Deconvolu.on	
  
Original True PSF

Blurred Image Initial PSF



Blind	
  Image	
  Deconvolu.on	
  


