
Light Field
(also called plenoptic function)

• Vector function describing amount of light (radiance) 
flowing in every direction through every point in 
space. 

   

It is also a function of wavelength



Radiance is a function of wavelength 𝐿(𝜆)

A photoreceptor’s sensitivity is also a function of wavelength, 𝑅 𝜆  

Response =



The photoreceptor mosaic:
rods and cones are the eye’s pixels



Cones and Rods

After dark adaptation, a single rod can respond to a 
single photon



The three cone types have different 
spectral sensitivity functions



Human cone spectral sensitivity curves

 

   

   

   

   

   

                     

   



Digital Cameras
• The Charge Coupled Device was invented in 1969, based on  exploiting the fact 

that silicon atoms can release electrons when hit by photons. Nowadays CMOS 
imagers are more common. The key difference is in how the charge generated is 
converted to a voltage (when digitized this becomes the pixel brightness value)



“Bayer” patterns are used in digital cameras
3 different filters are put in front of each pixel

   

   

   

   



The principle of univariance

• The response of a photoreceptor is a function 
of the number of photons absorbed

• Thus a weak light at the wavelength of peak 
sensitivity could have the same response as a 
strong light at a wavelength of lower 
sensitivity



We can approximate the spectral power distribution and receptor 
sensitivity function as vectors indexed by wavelength



Outgoing  = Reflectance * Incoming



Dichromatic model of color



Newton vs. the painters

Are there three colors or infinitely many?



Any test light can be matched by a mixture of three 
lights



Young-Helmholtz Trichromacy 
theory

• There are three cone types with different 
spectral sensitivity curves

• Because of this, metamers will exist – lights 
with different spectral power distribution 
which evoke exactly the same response in the 
three different cone types. A human observer 
will not be able to distinguish among these 
lights.



An extreme example of 
metamerism



Edges are important
• Edges are curves in the image, across which the brightness 

changes “a lot”. These arise because of discontinuities in 
reflectance, illumination or surface geometry.
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