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Description	
  of	
  Stats	
  
	
  
The	
  results	
  contained	
  in	
  this	
  document	
  show	
  focus	
  error	
  estimation	
  performance	
  in	
  
images	
  formed	
  with	
  the	
  optics	
  of	
  a	
   	
  Samsung	
  Galaxy	
  S4	
  camera	
  phone.	
   	
  The	
  optics	
  
(i.e.	
   MTFs	
   for	
   each	
   of	
   several	
   different	
   levels	
   of	
   focus	
   error)	
   were	
   supplied	
   by	
  
Samsung.	
  
	
  
Example	
  images	
  are	
  shown	
  for	
  four	
  different	
  levels	
  of	
  focus	
  error	
  in	
  diopters	
  (-­‐2.0,	
  -­‐
1.0,	
  1.0,	
  2.0D).	
  Focus	
  error	
  estimation	
  performance	
   is	
   shown	
  across	
  a	
   five	
  diopter	
  
range	
  (e.g.	
  200mm-­‐Infinity).	
  50%	
  of	
  estimates	
  are	
  accurate	
  to	
  within	
  0.05D,	
  75%	
  of	
  
estimates	
   are	
   accurate	
   to	
   with	
   0.125D,	
   90%	
   of	
   estimates	
   are	
   accurate	
   to	
   within	
  
0.25D,	
  and	
  97.5%	
  of	
  estimates	
  are	
  accurate	
  to	
  within	
  0.50D.	
  
	
  
The	
   first	
   400	
   examples	
   in	
   the	
   document	
   show	
   focus	
   error	
   estimates	
   that	
   are	
  
representative	
   of	
   the	
   best	
   75%	
   of	
   estimates	
   in	
   randomly	
   selected	
   patches.	
   100	
  
example	
  images	
  are	
  shown	
  for	
  each	
  focus	
  error	
  level	
  (e.g.-­‐2.0	
  diopters).	
  
	
  	
  
The	
   last	
   16	
   examples	
   in	
   the	
   document	
   show	
   focus	
   error	
   estimates	
   that	
   are	
  
representative	
  of	
  the	
  poorest	
  2.5%	
  of	
  estimates	
  in	
  randomly	
  selected	
  patches.	
  	
  
4	
  example	
  images	
  are	
  shown	
  for	
  each	
  focus	
  error	
  level.	
  
	
  
To	
  see	
  the	
  effect	
  of	
  defocus	
  blur	
  in	
  the	
  full	
  size	
  images	
  (left	
  side	
  of	
  page),	
  it	
  may	
  be	
  
useful	
  to	
  view	
  the	
  document	
  after	
  zooming	
  in	
  by	
  ~200%.	
  



	
  
	
  

Estimation	
  Accuracy	
  

	
  	
  
A	
  Estimation	
  accuracy.	
  The	
  x-­‐axis	
   shows	
   the	
   focus	
  error	
   that	
  was	
  actually	
  present	
   in	
  a	
   large	
  set	
  of	
  
natural	
   image	
   patches.	
   The	
   y-­‐axis	
   shows	
   the	
  median	
   estimate	
   of	
   the	
   focus	
   error.	
   Error	
   bars	
   show	
  
68%	
  confidence	
  intervals.	
  	
   	
  Estimation	
  performance	
  is	
  accurate	
  and	
  precise	
  over	
  a	
  very	
  wide	
  range.	
  	
  
B	
   Sign	
   estimation	
   accuracy.	
   The	
   x-­‐axis	
   shows	
   the	
   focus	
   error.	
   The	
   y-­‐axis	
   shows	
   the	
   proportion	
   of	
  
times	
   the	
   algorithm	
   correctly	
   estimated	
   the	
   sign	
   of	
   the	
   focus	
   error.	
   Overall,	
   the	
   correct	
   sign	
   is	
  
estimated	
  97%	
  of	
  the	
  time.	
  After	
  the	
  focus	
  error	
  exceeds	
  0.50D,	
  the	
  sign	
  is	
  estimated	
  correctly	
  nearly	
  
100%	
  of	
  the	
  time.	
  	
  
	
  

	
  
Distribution	
  of	
  estimation	
  errors.	
  The	
  x-­‐axis	
  shows	
  the	
  error	
  in	
  the	
  focus	
  error	
  estimate	
  in	
  diopters.	
  
The	
   y-­‐axis	
   shows	
   the	
   number	
   of	
   image	
   patches.	
   If	
   the	
   algorithm	
   performed	
  without	
  any	
   error,	
   all	
  
estimates	
  would	
  pile	
  up	
  at	
  zero.	
  As	
   is,	
  performance	
   is	
  very	
  good.	
  50%	
  of	
  estimates	
  are	
  accurate	
   to	
  
with	
  0.050D,	
  75%	
  of	
  estimates	
  are	
  accurate	
  to	
  with	
  0.125D,	
  90%	
  of	
  estimates	
  are	
  accurate	
  to	
  within	
  
0.25D,	
  and	
  essentially	
  all	
  (i.e.	
  97.5%)	
  of	
  estimates	
  are	
  accurate	
  to	
  within	
  0.50D.	
  During	
  an	
  eye	
  exam,	
  
focus	
  errors	
  less	
  than	
  0.25D	
  are	
  typically	
  left	
  uncorrected	
  by	
  the	
  optometrist.	
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