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Digital	  Photography	  with	  Flash	  
and	  No-‐Flash	  Image	  Pairs	  	  

From	  Petschnigg	  2004	  

You	  want	  to	  take	  a	  picture	  in	  a	  scene	  
with	  low	  light.	  	  What	  do	  you	  do?	  

Solu%on	   Side	  effects	  

Long	  exposure	  Gme	   MoGon	  blur	  

Open	  the	  aperture	   Reduced	  depth	  of	  field	  

Increase	  gain	   Increase	  in	  noise	  

Use	  flash	   Unnatural	  lighGng	  

flash	   no	  flash	  

How	  can	  we	  combine	  the	  strengths	  of	  both?	  

Techniques:	  
•  ambient	  image	  denoising	  
•  flash	  to	  ambient	  detail	  transfer	  
•  white	  balancing	  
•  conGnuous	  flash	  adjustment	  
•  red-‐eye	  correcGon	  

Pair	  AcquisiGon	  
Denoising	  

Bilateral	  filter	  
•  Removes	  noise	  while	  sGll	  maintaining	  edges	  
•  Just	  applied	  to	  noisy	  ambient	  image	  A	  (no	  use	  
of	  flash	  image)	  

normalizaGon	  
weight	  based	  on	  spaGal	  distance	  between	  pixels	  

sets	  the	  weight	  on	  the	  range	  based	  on	  intensity	  difference	  (edge-‐stopping)	  
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Denoising	   Denoising	  

Joint	  bilateral	  filter	  
•  uses	  the	  flash	  image	  	  F	  instead	  of	  	  A	  to	  
compute	  the	  edge-‐stopping	  funcGon	  

Flash-‐To-‐Ambient	  Detail	  Transfer	  

•  The	  joint	  bilateral	  filter	  can	  reduce	  noise,	  but	  
cannot	  add	  detail	  that	  may	  be	  present	  in	  the	  
flash	  image.	  

Flash-‐To-‐Ambient	  Detail	  Transfer	  

So,	  we	  compute	  a	  detail	  layer:	  

	  
And	  apply	  it	  to	  the	  denoised	  ambient	  image:	  

Flash-‐To-‐Ambient	  Detail	  Transfer	  
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Flash-‐To-‐Ambient	  Detail	  Transfer	  

DetecGng	  Flash	  Shadows	  and	  
SpeculariGes	  

DetecGng	  Flash	  Shadows	  and	  
SpeculariGes	  

To	  solve	  this	  problem,	  we	  use	  a	  threshold-‐based	  shadow	  
mask:	  
	  
	  
	  
We	  also	  want	  to	  detect	  specular	  regions	  caused	  by	  the	  
flash.	  	  To	  do	  this,	  we	  just	  look	  for	  luminance	  values	  in	  the	  
flash	  image	  that	  are	  greater	  than	  95%	  of	  the	  range	  of	  
sensor	  output	  values.	  
Then,	  we	  merge	  the	  two	  masks	  and	  feather	  the	  edges.	  

DetecGng	  Flash	  Shadows	  and	  
SpeculariGes	   White	  Balancing	  

•  Think	  of	  the	  flash	  as	  adding	  a	  point	  light	  source	  of	  
known	  color	  to	  the	  scene	  

•  IlluminaGon	  due	  to	  the	  flash	  only:	  
•  EsGmate	  the	  ambient	  illuminaGon	  at	  the	  surface	  
with	  the	  raGo:	  

•  Analyze	  this	  at	  all	  image	  pixels	  to	  infer	  the	  
ambient	  illuminaGon	  color	  c.	  
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White	  Balancing	  

White-‐balance	  the	  image	  by	  scaling	  each	  color	  
channels	  as:	  

ConGnuous	  Flash	  Adjustment	  

•  Convert	  Flash	  and	  Ambient	  images	  to	  YCbCr	  
space	  and	  interpolate	  linearly:	  

Red-‐Eye	  CorrecGon	  

•  Convert	  the	  pair	  to	  YCbCr	  space	  (decorrelates	  
luminance	  from	  chrominance)	  

•  Compute	  a	  relaGve	  redness	  measure:	  
	  
•  Segment	  the	  image	  into	  regions	  where	  
•  Look	  for	  seed	  pixels	  where	  

	  

Red-‐Eye	  CorrecGon	  

Red-‐Eye	  CorrecGon	   Summary	  

Techniques:	  
•  ambient	  image	  denoising	  
•  flash	  to	  ambient	  detail	  transfer	  
•  white	  balancing	  
•  conGnuous	  flash	  adjustment	  
•  red-‐eye	  correcGon	  
	  


