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Fundamental difference: Shape from Color Color vision: Encoding light
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Color information

1 for lightness 2 for color
Light: Energy at different wavelengths Encoding functions: Cone response
Spectral Distribution, or Spectrum Three cones (S, M, L)
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Encoded light: Lightness + differences

Light Retina: (Cone cells)
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Encoded light: Two spectra can “look the same” Only cone response matters
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Three cones, three signals: Trichromacy

Wavelength (nm)

From M.Stone, A Field Guide to Digital Color, AK Peters 2003

Consider image reproduction Digital imaging: RGB pixels

Original Lights
and Surfaces
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Digital imaging: RGB pixels

Camera Image

Image Image
Capture Pixels

3 values (RGB)

Original Lights
and Surfaces

Digital imaging: RGB pixels

Camera Image Display

Image Image Image Physical
Capture Pixels Output Image

3 values (RGB)

Original Lights
and Surfaces

Digital imaging: RGB pixels

Camera Image Display

Image Image Image Physical
Capture Pixels Output Image

3 values (RGB)

Perceived

Original Lights
as Original

and Surfaces

Digital imaging: RGB pixels

This is an imperfect process

Image editors: Photoshop, Lightroom, etc.

Designing for Displays

Image Display

Image Image Physical Perceived
Create from a program * Outout Image as Colors

3 values (RGB)

Perceived color depends
on the display properties

Perception Creation
Cone response RGB, HSV
Lightness + color CMY(K), BRY
Measurement Encoding
Tristimulus values (XYZ) sRGB
CIELAB (L*a* b*) Adobe RGB

CIELUV (L*,u*,v*) rec 709 (video)
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Specifying RGB Color

CS512, 11/1/2018

RGB Color Cube

N

R,G,B vector space
0..1, 0r 0..255

Hue (color wheel)
Consistent order, different spacings

Value (lightness)

Perceived lightness

Chroma (saturation)

Intensity, purity, distance from gray

More “intuitive” RGB

N

MR}

R,G,B vector space
0..1, or 0..255

HSV, HLS, HSB...
Simple transform of RGB

RGB color pickers

ColorPic

Soo

”
i
H

et , =

I -
(I o o o vai: 223 Bue: 138
o o e
Add to Custom Colors ) HmML soadfse
(o[ e

Wz [T e [ravon [ o £

ag
£o

QT picker, used by Tableau

©2016, 17, 18 Tableau Software Inc. All rights reserved.

Perceptual Color Spaces

Lightness

Colorfulness
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For a given Hue

Chroma
Albert Munsell 7 To—

Developed the first perceptual color system based on his L] 0]
experience as an artist (1905). = DDD;....DDDD
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Colors with a dotted border cannot be displayed correctly on a CRT

CIELAB CIELAB is a perceptual color space

Computed from XYZ
Calibrated RGB

+L .
Reference white
L*, a*,b*
L*
‘ “Perceptually uniform” Lightness
] SqRi(a*2+b*2)
Colorfulness
u Hue - Arctan(a*,b*)
RGB color gamut in CIELAB These are NOT perceptual models

V or L describe generated lightness, not perception

sRGB in CIELAB space

Exact specification requires display calibration
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Designing with CIELAB L* = perceived lightness
Same generated lightness: B or V, from HSB, HSV
Different perceived lightness: Y from XYZ (luminance)
Different perceived lightness: L*, from CIELAB

Selact foreground color:

oo C 207 =
B =100 B =100 Cul5 %
Y= 90 Y=9 a3

* =98 L*=30

Cog:[209

# | Sfoed1
I only web Colors
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Current Photoshop

Maureen’s Palette Designer
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Perception Creation
ABCDEFGHIJKLMNO,

Measurement Encoding

CS512, 11/1/2018

Mantis Shrimp: Extraordinary Eyes

Homo sapiens = =
400 500

600
Wavelength (nm)

Neogonodactylus oestedii

500
Wavelength (nm)

Marshall et al.. 2007: Marshall and Oberwinkler.

Questions on part 1?

“... avoiding catastrophe becomes the first principle
in bringing color to information:

Above all, do no harm.”
—E. R. Tufte

If you

is
Above

Tufte’s fundamental uses

To label (identify or group)

To measure (color to quantity, color scales)
To represent or to imitate reality

To enliven or decorate
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To Label: Categorical Palettes

College Admissions
Explore the distrbution of SAT scores in dfisrant coliagas
Avg Score 1607

Academic Year
2014

Callege
Al

Select Gender
Al
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To Measure: Quantitative Ramps

Lightness encodes values

Annual sales by state soes

Different colorings tell different stories
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Ordered colors for ordered relationships
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Contrasting color for emphasis

Order Date

2010
51500000 E

Roles for color

To label (identify or group)

To measure (color to quantity, color scales)
To represent or to imitate reality

To enliven or decorate

To manage attention
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Contrast separates, analogy groups

“Get it right in black and white”

POINT REYES
NATIONAL
SEASHORE

POINT REYES
NATIONAL
SEASHORE

PACIFIC OCEAN
[ 10 Kilometers [ 10 Kilometers
—_—

0 10 Miles  San Francisgo 0 " f0Mies  San Francisco

Maps courtesy of the National Park Service ( )

Fix this

From Larry Arend

Contrast creates visual layers

Context

Color contrast Luminance contrast

From Larry Arend
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Product, Product Type @
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CS512,

Know what is important to show

Color palettes for VIS

=os NHANRNENEN
E HENENEER ENENEEECEEN
= BENENEE N wns
ENNEEEN .
il | B |
o, HNANENENER
|

-AIIEEEER

.. ARENENN
~ANINEEER
AEEEEER

AREEEEN

Principles for palettes

Visibly distinct (including size, background, etc.)
Easy to remember, to reference

Make them beautiful

Principles for palettes

Visibly distinct (including size, background, etc.)

©2016, 17, 18 Tableau Software Inc. All rights reserved.

“Color is the most relative medium in art.”
—Josef Albers, Interaction of Color

11/1/2018
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Gray is relative

From Stephen Few

Simultaneous contrast: color is relative

CS512, 11/1/2018

Bezold Effect: Outlines matter

©2016, 17, 18 Tableau Software Inc. All rights reserved.

Color and contrast depends on size

Redrawn from Foundations of Vision
© Brian Wandell, Stanford University
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egional map

egional Area
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Principles for palettes

Easy to remember, to reference

©2016, 17, 18 Tableau Software Inc. All rights reserved.

Name the colors
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Name the colors

Color Names

Basic names (Berlin & Kay, 1969)

Linguistic study of names across 20 languages

Found 11 “basic names,” similar linguistic evolution
World Color Survey (Kay, Berlin, Maffi, Merrifield, Cook, 2009)
Through the Language Glass: Why the World Looks

Different in Other Languages (Guy Deutscher, 2010)

How people think about color

red
yellow
blue
green
orange
brown
violet (purple)

black From crayola.com

Basic color names (English)

Red, orange, yellow, green, blue, purple, pink,
brown, black, white, gray

- h . o
purple orange pink
. . -

blue yellow brown

green black

Tableau 10 and 20 (2004)

e [ I brown | |m
orange [ [ pink l e
green [ [ o=y e
red || I ‘vetow I
purple [ [ te2 Il Im

Basic names + teal Light-dark pairs

Tableau 10 and 20 (2016)

blue . D yellow . I:' . I:'
- I
ol @e
“teal” . . brown |:| . I:l .
oo l@o>  HHED

Basic names + teal Light-dark pairs
Not all T10 in T20

©2016, 17, 18 Tableau Software Inc. All rights reserved.
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Can we do better?

Color and data semantics

W apple

m banana
W buebery
mcneny

W grape

M peach

W angerne

Basic color names

Which bar represents bananas?

Color and data semantics

100 -

W apple
banana
W bleberny

Wchery

mgrape
peach

W tangerne

Customized to data semantics
Which bar represents bananas?

ant Colors for Data Visualization

Lin, Fortuna, Kulkami, Stone, Heer. Selecting Semantically-Res:

Principles for palettes

Visibly distinct (including size, background, etc.)
Easy to remember, to reference

Make them beautiful

To Measure: Color as value

Principles for palettes

Make a legible scale

Quantize for accuracy

©2016, 17, 18 Tableau Software Inc. All rights reserved.
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Types of color scales

Large Large
Zero

Small Large

Sequential Diverging

From Cynthia Brewer

CS512, 11/1/2018

The real problem: Data to color mapping

Uniform color steps Non-uniform data distribution

Color to quantity is very limited

100 linear values

Same domain, random values

100 random values

Same values, more colors

100 random values

©2016, 17, 18 Tableau Software Inc. All rights reserved.
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This material s based upon work supported by the National Science Foundation under Grant No. 9963451, 9983459, 9963461

www.colorbrewer.org
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Multi-Hued Colormaps But beware of the uncontrolled “rainbow”

yor i ans sns gevtsa Sarps images Lt st
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L
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Creates strong categories...does it match the data?

Viridis,

Color vision deficiency (CVD)

Almost done

“normal”

“weak red-green”

Simulation from

Most CVD involves problems with red-green

Small but important separation

Relative Sensitivity

Normal Retina Protanopia Wavelength (nm)

©2016, 17, 18 Tableau Software Inc. All rights reserved. 16
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The two forms of “red-green” CVD

Purple

Purple

R
e

“Blue” “Orange”
Deuteranope (missing ) Tritanope (missing S Deuteranope Protanope
Tritanopia Reduces color name space
bee [l HH B
“Red-Pink” ruple [l T I B
eink [l 1IN I
blue-green - - -
green - - - -
yellow
orange - - - -
e [l I H
brown - - - -
“Green-Blue” ooy [l 1 H N
P D T
Red-green not the only problem

Tableau 10 and CVD

] N N O
AN EN BN EHN
. |:| . |:| . |:| . D Rules for accessibility
AN ONF ONF ON

HO N0 EO0 EHO

Normal Severe
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Avoid encoding by color alone Encode with lightness
ocal Apple Store |al Apple Store 1l Apple Store )il Apple Store Market
Centra! I
@ iPhones unavailable iPhones unavailable iPhones unavailable: iPhones unavailable East |
South I |
Wednesday, July 4 Wednesday, July 4 Wednesday, July4 | Wednesday, July 4 it |
0 40000 80,000 $120,000 5160000 520,000 sunom 5280000
coes
[ [ [} e
[ X X
|
. o |
. . |
0 ) S0 som sieno 520,000 oo s2m000
° ° ° ° coas
Original problem Possible solutions
Deuteranope simulation
Use “safe” colors CVD Simulation

“Red-Pink”

» Chromatic vision simulator:

» Color Oracle:

» Vischeck:
+ Built into current Adobe tools: View>Proof setup
« Coblis

* NoCoffee Vision Simulator (Chrome extension)

“Blue” “Orange”

“Green-Blue”

Questions?
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