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Week 9 Announcements

● Homework 3 due 08/01

● Final project milestone due 08/04

● Exam 2 is on 08/07



Light



Light

● A light source can be characterized by its spectral power distribution.

● Non-negative function giving the power in a light beam at a given 

wavelength.

● In watts/nm.



Monospectral Distributions

● Most of the power is near a single wavelength 

→ a single color.

● SPDs are additive!

● Example, using red, green, and blue 

monospectrums:

red brightness 
level, [0, 1]

red 
monospectrum



Colors



Spectral Response of Human Cone Cells

● Humans have three cone cells, with different sensitivities.

● The L cone’s peak response occurs around orange/yellow.

● The M cone around green/yellow.

● The S cone around blue.

The total response of a 
cone cell as a function 
of the incoming 
spectrum is the integral 
of the response curve!



Question 1



Q1.1 Metamer Magic

Conceptually, they are two equivalent 
high-dimension signals which project to the 
same low-dimension signal. 

They allow us to reproduce real-world scenes 
with hard-to-recreate spectra on screens.



Q1.2 Metamer Magic



Q1.3 Metamer Magic

The null space is perpendicular to the 
3D subspace.

The differences between metameric 
spectra are not detectable when 
viewing from the 3D subspace.



Q1.4 Metamer Magic



http://www.youtube.com/watch?v=HSLHSWf3VPI


Color Reproduction



Color Reproduction

● Most digital displays use RGB the model, with red, green, and blue as the 

three primaries (monospectral distributions).

● Colors in the gamut of the display can be expressed as (R, G, B) color triples.



Color Reproduction

● Goal: reproduce the color that we see in the world into a color on the display.

○ Given: Human cone sensitivities rS, rM, rL, and SPD s(λ).

○ Solve for: Display (R, G, B) values.

● Solution: Use metamers!

color we perceive on display color we perceive in real life



Color Matching Experiment



Maxwell’s Color Matching Experiment

● Primaries do not need to be red, green, and blue
● Goal: Match primary lights to the provided test 

light
○ If it is not possible to match the test color, 

then it is out of the gamut
■ Gamut: Range of colors that can be 

displayed on a device
■ You’d have to add a “negative” amount 

of the color (add some of the primary 
into the test side)



Color Matching Experiment Findings
● The color matching experiment is linear

● Three primary colors are necessary and sufficient for “normal” color vision
● Two primary colors are necessary and sufficient for red-green colorblindness



Some brief biology



Human Eyes

● Two types of retinal photoreceptors
○ Rods: primarily used in low light conditions

■ Allows you to perceive only shades of gray, no color
○ Cones: “photopic” receptors, primarily used in typical light levels

■ Provides the sensation of color
■ Three types of cones = three detectors!

● Short
● Medium
● Long



Color Space



Hue, Saturation, Value (HSV)

From 1905!

● Hue: the dominant wavelength, 
what color do you call it 
(red/blue/green, etc.)

● Saturation: the “colorfulness”, how 
vivid the color is

● Value: the amount of light



Hue, Saturation, Value (HSV)



Hue, Saturation, Value (HSV)



● Pure (spectral) colors are at the edge of 
the plot and become more desaturated 
as you go towards the centroid of the 
plot.

● Black is not on this diagram because it 
is purely a chromaticity diagram - 
luminance values are dealt with 
separately.

CIE Chromaticity



Problems defining a Color Space

● Device-dependent: different devices will show different colors
● Limited gamut: limited range of colors you can show

Color Reproduction: If you solve the equations above to get the RGB color 
corresponding to a scene color and you get negative color values, what does it 
mean and what should you do?



Problems defining a Color Space

Color Reproduction: If you solve the equations above to get the RGB color 
corresponding to a scene color and you get negative color values, what does it 
mean and what should you do?
● Answer: Get a better display, or find a different color vector that maps to 

the same SML values (the gamut of this devices is not enough to display 
this solution for the scene color)!



Question 2



Q2.1 & 2.2 Hue Knew?



Q2.3 & 2.4 Hue Knew?



Q2.5 & 2.6 Hue Knew?



Q1.4 What is the goal of the CIELAB color space?





=

Trichromat cone responses



Demo



Question 3













For Fun: Color Theory



Primary Colors



Georges Seurat

● 19th century.

● Pointillism. Divide colors into their components.



Let’s Take Attendance.

● Be sure to select Week 13 and input your TA’s secret word 😉
● Any feedback? Let us know! 


