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How many color?
Female Male Dog Programmer
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Photo Receptor Cells

• Two types of light sensitive 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

• Sensitivity to different light 
wavelengths

• Used for colored vision

"Human photoreceptor distribution" by Cmglee - Own work. Licensed under CC BY-SA 3.0 
via Wikimedia Commons -
http://commons.wikimedia.org/wiki/File:Human_photoreceptor_distribution.svg#mediav
iewer/File:Human_photoreceptor_distribution.svg
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Photo Receptor Cells

"1416 Color Sensitivity" by OpenStax College - Anatomy & Physiology, Connexions Web site. http://cnx.org/content/col11496/1.6/, Jun 19, 2013.. 
Licensed under CC BY 3.0 via Wikimedia Commons -
http://commons.wikimedia.org/wiki/File:1416_Color_Sensitivity.jpg#mediaviewer/File:1416_Color_Sensitivity.jpg
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Test your color perception

http://color.method.ac
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Color of the Year: 2016
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Color of the year 2017
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Color of the year 2019
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Color Model – Newtow (Opticks. 1704)
• White light is a combination of all

colors
• Could recombine colors back to 

white light
• Wrapping basic colors around a 

circle
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Color Model – Color circle (Goethe, 1810)

• Measures of eye’s response to 
color
• Three primary colors:
• Magenta, yellow, blue
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Color Models – additive and subtractive models

RGB additive model CMY subtractive model
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Color models – 3D space models (Mayer, 1775)

Problem: steps are not perceptually uniform
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Color models – Munsell (early 1900’s)

• Introduction of three new 
dimensions
• HUE (red, blue, etc)
• Value (light or dark)
• Chroma (saturation)

• Irregular shape of solid
• Low brightness implies fewer

visible colors

• Introduction of a mathematical
definition of colors (not names)
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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
• Sometimes named as Long, Medium, Short wavelength receptors

• Eye present different proportions of R,G,B receptors (40:20:1)
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Opponent Color Theory

• Based on estimation 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
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RGB Color Model

• Based on direct specification of three primary colors
• Additive 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 -
http://commons.wikimedia.org/wiki/File:RGB_color_cube.svg#/media/File:RGB_color_cube.svg
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RGB Color Model

• R,G,B values may be expressed in range [0,1]
• Some applications use the range[0,255]
• Usually a hexadecimal notation is used for range [0,ff]
• Not really intuitive: how to define brown? 
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HSV Color Model

• Based on the intuitive concepts
of
• Hue
• Saturation
• Value (or brightness: 0% implies

black; 100% implies pure color)
• Lightness (or luminosity: 0% 

implies black; 50% implies pure 
color; 100% implies white)

• 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 -
http://commons.wikimedia.org/wiki/File:Hsl-
hsv_models.svg#/media/File:Hsl-hsv_models.svg



Visual Analytics
va602aa

RGB and HSV

"HSL-HSV hue and chroma" by Jacob Rus - Own work. Licensed under CC 
BY-SA 3.0 via Wikimedia Commons -
http://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 - http://commons.wikimedia.org/wiki/File:Hsl-
and-hsv.svg#/media/File:Hsl-and-hsv.svg
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Color spaces
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CIE Standard Observer

• CIE: International Commission on Illumination
• Definition of an objective color-mapping function:
• Standard colorimetric observer

• Experiment
• An observer is positioned in front of a bipartite screen
• Observer can manipulate intensities of three primary color beams
• Task:match the reference color 
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Standard Observer Experiment
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Chromaticity Diagram

• A mixture of two colors lies on 
the line connecting the two
colors
• Chromaticity Diagram (gamut) is

convex
• All visible colors are non-

negative combination of x, y, and 
z
• An equal combination of two

colors does not lie in the mid-
point

"CIE1931xy blank" by BenRG - File:CIExy1931.svg. Licensed under 
Public Domain via Wikimedia Commons -
http://commons.wikimedia.org/wiki/File:CIE1931xy_blank.svg#/me
dia/File:CIE1931xy_blank.svg



Visual Analytics
va602aa

Comparing color spaces
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Color Mixing

• Given three primary colors, the 
corresponding triangle cannot
cover the whole gamut

"CIE1931xy CIERGB" by BenRG - Own work, inspired by 
File:CIExy1931.png. Licensed under Public Domain via Wikimedia
Commons -
http://commons.wikimedia.org/wiki/File:CIE1931xy_CIERGB.svg#/media/
File:CIE1931xy_CIERGB.svg
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Palette
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Mapping values to color schemes
sRGB interpolation

Perceptually uniform color space

HSLuv project provides utilities to colors 
among different color spaces



Visual Analytics
va602aa

Categories of colors

Triadic colors Tetradic colors
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Color Schemes

http://paletton.com/

Warm colorsCold colors
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Color blindness
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Color Schemes for Cartography

http://colorbrewer2.org/



Visual Analytics
va602aa

Color scheme example (nominal)
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Color scheme example (sequential)
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Color scheme example (divergent)
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d3.js color schemes

https://observablehq.com/@d3/color-schemes
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Takeaway Messages

• Different color models and color spaces
• Color palettes to effectively represent scales of values


