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Adapted from Levine, Vision in Man and Machine © McGraw-Hill, 1985. 

Light goes in this direction 

Photoreceptors  

Å 120 million rods 

Å 7-8 million cones 

   in each eye 



Adapted from Levine,  Vision in Man and Machine © McGraw-Hill, 1985. 

fovea 

Receptor Distribution  



Retina Statistics  

There are many more L and M cones than S cones. 

 

The specific ratio is a current topic of debate but is 

approximately 6:3:1 for L:M:S. 

 
 



Retina Statistics  

Receptive Fields ï 

 

Individual cone signals can either add together or be 

subtracted from one another.   

 

The ability to resolve fine details  depends ultimately 

on both the spatial mosaic of the receptors and how 

they interconnect. 



Receptive Fields  
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Receptive Fields  

http://en.wikipedia.org/wiki/Receptive_field 

On center and off center retinal ganglion cells respond 

oppositely to light in the center and surround of their receptive 

fields. A strong response means high frequency firing, a weak 

response is firing at a low frequency, and no response means no 

action potential is fired. 



Cones interconnect in the retina, eventually leading to opponent-

type signals. 
Roy S. Berns. ñBillmeyer and Saltzmanôs Principles of Color Technology, 3rd Ed. 2000, John Wiley & Sons, Inc. p. 16. 



Opponent Color Theory  
- Hering 1878  

There are three types of color receptive fields called 

opponent channels. 

 

Black ï White (luminance) channel   M + L 

 

Red ï Green channel     M - L 

 

Yellow ï Blue channel     M + L - S 



Color -Receptive Fields  

Channel Combination Resolution 

black - white M + L very high 

red - green M ï L High 

yellow - blue M + L ï S low 



Roy S. Berns. ñBillmeyer and Saltzmanôs Principles of Color Technology, 3rd Ed. 2000, John Wiley & Sons, Inc. p. 17. 



Roy S. Berns. ñBillmeyer and Saltzmanôs Principles of Color Technology, 3rd Ed. 2000, John Wiley & Sons, Inc. p. 17. 

A color image is split into three separate channels: black-white, red-green, and 

yellow-blue. New images were made by blurring one of the three channels, then 

recombining the blurred channel and the two unaltered channels back into a color 

image. Although the amount of blurring was the same in each altered image, we 

only notice the reduced sharpness when the black-white channel is blurred.   



Luminance Image (Y)  

YIQ  http://en.wikipedia.org/wiki/YIQ 

http://en.wikipedia.org/wiki/YIQ


Color Addition (Red/Green Axis)(I)  

YIQ  http://en.wikipedia.org/wiki/YIQ 

http://en.wikipedia.org/wiki/YIQ


Color Addition (Yellow/Blue Axis)(Q)  

YIQ  http://en.wikipedia.org/wiki/YIQ 

http://en.wikipedia.org/wiki/YIQ


Full Color Image  

YIQ  http://en.wikipedia.org/wiki/YIQ 

http://en.wikipedia.org/wiki/YIQ

