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  many	
  color?	
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Photo	
  Receptor	
  Cells	
  

•  Two	
  types	
  of	
  light	
  
sensi+ve	
  cells	
  
–  Rod	
  Cells	
  (~120M)	
  

•  Provide	
  low-­‐light	
  vision	
  
•  Peripheral	
  vision	
  
•  Almost	
  no	
  role	
  in	
  color	
  
vision	
  

–  Cone	
  cells	
  (~6M)	
  
•  Provide	
  normal	
  vision	
  
•  Three	
  sub-­‐types	
  of	
  cells	
  

–  Sensi+vity	
  to	
  different	
  
light	
  wavelengths	
  

–  Used	
  for	
  colored	
  vision	
  
"Human	
  photoreceptor	
  distribu+on"	
  by	
  Cmglee	
  -­‐	
  Own	
  work.	
  Licensed	
  under	
  CC	
  BY-­‐SA	
  3.0	
  
via	
  Wikimedia	
  Commons	
  -­‐	
  hYp://commons.wikimedia.org/wiki/
File:Human_photoreceptor_distribu+on.svg#mediaviewer/
File:Human_photoreceptor_distribu+on.svg	
  



Photo	
  Receptor	
  Cells	
  

"1416	
  Color	
  Sensi+vity"	
  by	
  OpenStax	
  College	
  -­‐	
  Anatomy	
  &	
  Physiology,	
  Connexions	
  Web	
  site.	
  hYp://cnx.org/content/col11496/1.6/,	
  Jun	
  19,	
  2013..	
  
Licensed	
  under	
  CC	
  BY	
  3.0	
  via	
  Wikimedia	
  Commons	
  -­‐	
  hYp://commons.wikimedia.org/wiki/File:1416_Color_Sensi+vity.jpg#mediaviewer/File:
1416_Color_Sensi+vity.jpg	
  



Vision	
  System(s)	
  

•  Low	
  light	
  vision	
  is	
  
managed	
  by	
  rods	
  

•  Scotopic	
  vision	
  system	
  
•  Peak	
  of	
  efficiency	
  
around	
  500nm	
  

•  Cannot	
  dis+nguish	
  
colors	
  

•  Ac+va+on	
  requires	
  a	
  
long	
  +me	
  	
  	
  

•  Normal	
  light	
  vision	
  
•  Photopic	
  vision	
  system	
  
•  Peak	
  of	
  efficiency	
  at	
  
560nm	
  

	
  



Color	
  Model	
  

•  Young-­‐Helmotz	
  Theory	
  (19th	
  century)	
  
– Separate	
  Red,	
  Green,	
  Blue	
  receptors	
  
– Actually,	
  three	
  receptors	
  type	
  exist	
  

•  Red	
  and	
  Green	
  are	
  located	
  mainly	
  in	
  green-­‐yellow	
  zone	
  
•  Some+mes	
  named	
  as	
  Long,	
  Medium,	
  Short	
  wavelength	
  
receptors	
  

– Eye	
  present	
  different	
  propor+ons	
  of	
  R,G,B	
  
receptors	
  (40:20:1)	
  



Opponent	
  Color	
  Theory	
  

•  Based	
  on	
  es+ma+on	
  of	
  opposite	
  readings	
  
–  red-­‐green	
  comparison	
  
– blue-­‐yellow	
  comparison	
  
– dark-­‐light	
  comparison	
  

R	
   G	
   B	
  

C1=R-­‐G	
   C2=G-­‐B	
   C3=B-­‐R	
  

C1+C2+C3=0	
  

C1=R-­‐G	
   C3-­‐C2=B-­‐R-­‐G+B=2B-­‐(R+G)	
   A	
  =	
  2R+G+B/20	
  



RGB	
  Color	
  Model	
  

•  Based	
  on	
  direct	
  specifica+on	
  of	
  three	
  primary	
  
colors	
  

•  Addi+ve	
  model,	
  each	
  component	
  is	
  summed	
  
with	
  the	
  others	
  	
  

"RGB	
  color	
  cube"	
  by	
  User:Maklaan	
  -­‐	
  Own	
  workbased	
  on:RGB_farbwuerfel.jpg	
  by	
  Horst	
  Frank.	
  Licensed	
  under	
  CC	
  BY-­‐SA	
  3.0	
  via	
  Wikimedia	
  Commons	
  -­‐	
  
hYp://commons.wikimedia.org/wiki/File:RGB_color_cube.svg#/media/File:RGB_color_cube.svg	
  



RGB	
  Color	
  Model	
  

•  R,G,B	
  values	
  may	
  be	
  expressed	
  in	
  range	
  [0,1]	
  
•  Some	
  applica+ons	
  use	
  the	
  range[0,255]	
  
•  Usually	
  a	
  hexadecimal	
  nota+on	
  is	
  used	
  for	
  
range	
  [0,ff]	
  

•  Not	
  really	
  intui+ve:	
  how	
  to	
  define	
  brown?	
  	
  



HSV	
  Color	
  Model	
  

•  Based	
  on	
  the	
  intui+ve	
  
concepts	
  of	
  
–  Hue	
  
–  Satura+on	
  
–  Value	
  

•  Component	
  values	
  are	
  
expressed	
  in	
  ranges	
  
[0,1]	
  or	
  [0,255]	
  

"Hsl-­‐hsv	
  models"	
  by	
  Jacob	
  Rus	
  -­‐	
  Own	
  work.	
  Licensed	
  under	
  CC	
  BY-­‐
SA	
  3.0	
  via	
  Wikimedia	
  Commons	
  -­‐	
  hYp://commons.wikimedia.org/
wiki/File:Hsl-­‐hsv_models.svg#/media/File:Hsl-­‐hsv_models.svg	
  



RGB	
  and	
  HSV	
  

"HSL-­‐HSV	
  hue	
  and	
  chroma"	
  by	
  Jacob	
  Rus	
  -­‐	
  Own	
  work.	
  Licensed	
  under	
  CC	
  
BY-­‐SA	
  3.0	
  via	
  Wikimedia	
  Commons	
  -­‐	
  hYp://commons.wikimedia.org/
wiki/File:HSL-­‐HSV_hue_and_chroma.svg#/media/File:HSL-­‐
HSV_hue_and_chroma.svg	
  

"Hsl-­‐and-­‐hsv"	
  by	
  Jacob	
  Rus	
  -­‐	
  Own	
  work.	
  Licensed	
  under	
  CC	
  BY-­‐SA	
  3.0	
  via	
  
Wikimedia	
  Commons	
  -­‐	
  hYp://commons.wikimedia.org/wiki/File:Hsl-­‐
and-­‐hsv.svg#/media/File:Hsl-­‐and-­‐hsv.svg	
  


