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This lecture is based on the course 
materials of the Computational 
Photography courses given at MIT 
(Prof. Durand & Prof. Freeman) 
and CMU (Prof. Efros) 
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Color 
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Color 

[Wikipedia] 
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Spectrophotometer 

[Wikipedia] 
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Electromagnetic Spectrum 

[Wikipedia] Human Luminance Sensitivity Function 



The Physics of Light 

Some examples of the reflectance spectra of surfaces 
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Red 

400          700 

Yellow 

400          700 

Blue 

400          700 

Purple 

400          700 

© Stephen E. Palmer, 2002 



問題 

› 如果兩個物體反射的光線，具有不同的光譜分布
，那麼對人眼來說，這兩個物體有可能看起來顏
色一樣嗎? 
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Different colors normally have different spectral reflectance, but 
different spectral reflectance may cause the same perceived color. 

Forsyth, 2002 

white  
petal 

white flower 

the same perceived color 



問題 
› 兩個物體反射的光線，雖然具有不同的光譜分布

，但是對人眼來說有可能看起來是相同的顏色 
 

› 這樣的特性有甚麼缺點? 
› 有甚麼優點? 
› 如何利用這項特性? 
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色彩的重現 
› 為什麼螢幕和投影機，能夠重現我們所看到的顏

色? 
 

› 投影機需要發出各種不同波長的光線嗎? 
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Additive and Subtractive Color Mixing 



13 

400      500      600      700 nm 

400      500      600      700 nm 

ye
llo

w
 

bl
ue

 

400      500      600      700 nm 

w
hi

te
 

When colors are combined by 
adding the color spectra, e.g., 
three-color projectors. 

Additive Color Mixing 
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When colors are combined by 
multiplying the color spectra, 
e.g., pigments. 
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[Wikipedia] 

Subtractive Color Mixing 

http://en.wikipedia.org/wiki/Image:Natural_ultramarine_pigment.jpg
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藍色的顏料吸收偏紅和偏綠的光，反射藍光 

[Wikipedia] 



16 

Color Science 

› 如何讓投影機或螢幕重現我們所看到的顏色? 
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人眼的感光構造 

rod cell 

cone cell 

Cone cells function in 
relatively bright light.  
 
There are three types of 
cones responding to 
different wavelengths 
of light.  
 
Rod cells can function in 
less intense light than 
cone cells. 
 
Rod cells are more light-
sensitive, thus 
responsible for night 
vision. 

light 

[Wikipedia] 

http://en.wikipedia.org/wiki/Image:Fig_retine.png
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Human Perception 

[Wikipedia] 
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Human Perception 

[Wikipedia] 
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Color Matching 
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三色原理 (或是四色) 

› 經由實驗發現: 
 

› 對大多數人來說，只需要三種固定波長的光，藉由調
整它們的強度，就能組合出我們想要看到的顏色 (但是
必須允許"負"的光) 
 

› 對大多數人來說，組合的係數幾乎相同 
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Color Matching Experiment 1 
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Color Matching Experiment 1 

p1     p2      p3  
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Color Matching Experiment 1 

p1     p2      p3  
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Color Matching Experiment 2 
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Color Matching Experiment 2 

p1     p2      p3  
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Color Matching Experiment 2 

p1     p2      p3  
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Color Matching Experiment 2 

p1     p2      p3  p1     p2      p3  

p1     p2      p3  

A negative amount of 
p1 is needed to make 
the match:  we add it 
to the test color’s 
side. 



30 

CIE 1931 RGB Color Matching Functions 

700 .0nm 
546.1 nm 
435.8 nm 

[Wikipedia] 



The CIE 1931 xy Chromaticity Diagram  
with CIE RGB 

31 
[Wikipedia] 
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RGB 

› 32-bit mode 
› Only 24 bits are used 
› 8 bits each channel 

R G 

B 



Early Color Photography 

› Sergey Prokudin-Gorsky 
› Optical color projections (1905) 

 
 
 
 

› http://en.wikipedia.org/wiki/Prokudin-Gorskii 
 

› Also check out Prof. Lewin's demonstration of 
color projections on YouTube 
http://www.youtube.com/watch?v=FJVvtOy-ukE&feature=related 33 

http://en.wikipedia.org/wiki/Prokudin-Gorskii
http://www.youtube.com/watch?v=FJVvtOy-ukE&feature=related
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Color Sensing in Digital Camera (RGB) -- Bayer 
Filter 

› Estimate RGB 
at ‘G’ cells 
from 
neighboring 
cells 

[Wikipedia] 

http://en.wikipedia.org/wiki/Image:Bayer_pattern_on_sensor.svg
http://en.wikipedia.org/wiki/Image:Bayer_pattern_on_sensor_profile.svg
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Color Sensing in Digital Camera (RGB) 

› 3-chip vs. 1-chip: quality vs. cost 
› Why more green? 
› Why three colors? 

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