Idiom design choices: Visual encoding Idiom design choices: Beyond spatial arrangement Channels:What's up with color?
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* first rule of color: do not (just) talk about color! * first rule of color: do not (just) talk about color! * first rule of color: do not (just) talk about color!
—color is confusing if treated as monolithic —color is confusing if treated as monolithic —color is confusing if treated as monolithic
* decompose into three channels A * decompose into three channels .
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—ordered can show magnitude —ordered can show magnitude
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* saturation: how colourful * saturation: how colourful
—categorical can show identity Hue . . . . |:| |:| —categorical can show identity Hue . . . . |:|
* hue: what color * hue: what color
* channels have different properties
—what they convey directly to perceptual system
—how much they can convey
s . ; * how many discriminable bins can we use? B
Categorical vs ordered color Categorical color: limited number of discriminable bins Categorical color: limited number of discriminable bins
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Color Channels in Visualization
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Ordered color: Rainbow is poor default

* problems
— perceptually unordered

— perceptually nonlinear
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Ordered color: Rainbow is poor default

* problems
— perceptually unordered
— perceptually nonlinear
* benefits

— fine-grained structure visible and
nameable

[Why Should Engincers Be Worried About Color? Trinish and Rogoitz
199¢

Ordered color: Rainbow is poor default

problems
— perceptually unordered

— perceptually nonlinear

benefits

— fine-grained structure visible and
nameable

[A Rule-based Tool forAssisting Colormap Selection. Bergman, Rogowitz, and Treinish. Proc. IEEE Visualization (Vis), pp. 118125, 1995.]

alternatives -

— large-scale structure: fewer hues

[Why Should Engincers Be Worried About Color? Trinish and Rogoitz
199¢

Ordered color: Rainbow is poor default

 problems
— perceptually unordered
— perceptually nonlinear
* benefits
— fine-grained structure visible and
nameable
* alternatives
— large-scale structure: fewer hues

— fine structure: multiple hues with
monotonically increasing luminance
[eg viridis]

[Why Should Engincers Be Worried About Color? Trinish and Rogowitz
1998.

Viridis / Magma: sequential colormaps

* monotonically increasing luminance,
perceptually uniform

* colorful, colorblind-safe

—R, python, D3

https://cran.r-project.orglwebl/packageslviridis/vignettes/intro-to-viridis.html
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Ordered color: Rainbow is poor default

* problems
—perceptually unordered
—perceptually nonlinear
* benefits

—fine-grained structure visible and
nameable

« alternatives
—large-scale structure: fewer hues

—fine structure: multiple hues with
monotonically increasing luminance
[eg viridis]

* legit for categorical
—segmented saturated rainbow is good! '

[Why Should Engincers Be Worried About Color? Trinish and Rogowitz

[Transfer Functions in Direct olume Rendering: Design, Interface,
Interaction. Kindimann. SIGGRAPH 2002 Course Notes]

Interaction between channels: Not fully separable

* color channel interactions
— size heavily affects salience
— small regions need high saturation

— large regions need low saturation

http://color] r2. 2

Interaction between channels: Not fully separable

color channel interactions

Interaction between channels: Not fully separable

* color channel interactions

Color palettes: univariate
- Categorical

- Categorical

— size heavily affects salience — size heavily affects salience L L1
— small regions need high saturation — small regions need high saturation .
€ € ) € € ) [ [ categorical
— large regions need low saturation — large regions need low saturation
* saturation & luminance: * saturation & luminance: . categorical i M i
— not separable from each other! — not separable from each other! E — = « aim for maximum distinguishability
— also not separable from transparency — also not separable from transparency . . - I.
— small separated regions: 2 bins safest (use only one of these channels), 3-4 bins max C Olor Palettes * aka quahtat,ve, nominal
— contiguous regions: many bins (use only one of these channels)
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Colormaps: bivariate
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Colormaps: bivariate
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Decomposing color

* decompose into three channels

—ordered can show magnitude I_uminance. . . . |:| |:|
* luminance: how bright (B/W)
* saturation: how colourful Saturation |:| |:| . . . .
—categorical can show identity
« [l Il
* hue: what color

Color Deficiency

Luminance

* need luminance for edge detection

—fine-grained detail only visible through
luminance contrast

N

—legible text requires luminance contrast!

Saturation/hue informati

[Seriously Colorful: Advanced Color
Principles & Practices. Stone. Tableau
Customer Conference 2014.]

on

Opponent color and color deficiency

* perceptual processing before optic nerve
—one achromatic luminance channel (L*)
—edge detection through luminance contrast
—2 chroma channels
—red-green (a*) & yellow-blue axis (b*)

2014]

Opponent color and color deficiency

* perceptual processing before optic nerve
—one achromatic luminance channel (L*)

—edge detection through luminance contrast
—2 chroma channels

N

—red-green (a*) & yellow-blue axis (b*) Chroma information
* “colorblind”: degraded acuity, one axis
—8% of men are red/green color deficient

—blue/yellow is rare

Customer Conference 2014]

Designing for color deficiency: Check with simulator
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Normal
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https://www.color-bli com/coblis-color-blind

[Seriously Colorful: Advanced Color Principles & Practices. Stone.Tableau Customer Conference 2014.]
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Designing for color deficiency: Avoid encoding by hue alone

* redundantly encode
— vary luminance

— change shape w e mwm sem owow

il Apple Store il Apple Store

iPhones unavailable 5200,000 524000 5280,000

5160000
iPhones unavailable coas

Deuteranope simulation

‘Wednesday, July 4 Wednesday, July 4

o (-]

« * } Change the shape
® ®

° ° } Vary luminance

[Seriously Colorful: Advanced Color Principles & Practices. Stone. Tableau Customer Conference 2014.]

Tritanope
[Seriously Colorful: Advanced Color Principles & Practices. Stone.Tableau Customer Conference 2014.]

Deuteranope

Designing for color deficiency: Blue-Orange is safe

ot Tabicns maps v tablenzoty

ware com/mapdts

[Seriously Colorful: Advanced Color Principles & Practices. Stone.Tableau Customer Conference 2014.]
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Visualization
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Color Spaces

Many color spaces
Luminance .
Saturation D

* Luminance (L¥), hue (H), saturation (S)

— good for encoding




Many color spaces

* Luminance (L¥), hue (H), saturation (S)
— good for encoding

— but not standard graphics/tools colorspace

Luminance

Saturation I:‘

Hue
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Many color spaces

. . Luminance
* Luminance (L¥), hue (H), saturation (S)
. Saturation

— good for encoding

— but not standard graphics/tools colorspace

* RGB: good for display hardware

RGB
* RGB: good for display hardware

Corners of the RGB

color cube

EEEEOO

RGB
* RGB: good for display hardware

Corners of the RGB
color cube

0,0,0
. . X Red Black
— poor for encoding & interpolation + Green
° °
°
o o %e
o ° °
e o

Major interference

EEEEOO

1,0,1
Magenta

Many color spaces

Luminance (L*), hue (H), saturation (S)
— good for encoding

— but not standard graphics/tools colorspace

RGB: good for display hardware

— poor for encoding & interpolation
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Many color spaces

—
—

Luminance (L*), hue (H), saturation (S)
— good for encoding

[
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[]

— but not standard graphics/tools colorspace Hue

RGB: good for display hardware
— poor for encoding & interpolation

» CIE LAB (L*a*b*): good for interpolation

Many color spaces

* Luminance (L¥), hue (H), saturation (S)
— good for encoding
— but not standard graphics/tools colorspace
* RGB: good for display hardware

— poor for encoding & interpolation

» CIE LAB (L*a*b*): good for interpolation

— hard to interpret, poor for encoding

Luminance .

Saturation

Hue

[]
[
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Perceptual colorspace: L*¥a*b*

* perceptual processing before optic nerve
—one achromatic luminance channel (L*)
* edge detection through luminance contrast
—2 chroma channels
* red-green (a*) & yellow-blue axis (b*)

N

Chroma information

2014]

Perceptual colorspace: L¥a*b*

* perceptual processing before optic nerve
—one achromatic luminance channel (L*)
* edge detection through luminance contrast
—2 chroma channels
* red-green (a*) & yellow-blue axis (b*)
» CIE LAB
—perceptually uniform
* great for interpolating { ]
—complex shape

* poor for encoding

N

HSL/HSV

Customer Conference 2014]

Chroma information

Many color spaces

Luminance .
sowrsion [

Luminance (L*), hue (H), saturation (S)
— good for encoding

[
[]
[]

— but not standard graphics/tools colorspace Hue

RGB: good for display hardware
— poor for encoding & interpolation
» CIE LAB (L*a*b*): good for interpolation

— hard to interpret, poor for encoding

Many color spaces

Luminance (L*), hue (H), saturation (S)
— good for encoding

— but not standard graphics/tools colorspace

RGB: good for display hardware

— poor for encoding & interpolation

CIE LAB (L*a*b*): good for interpolation
— hard to interpret, poor for encoding

¢ HSL/HSV: somewhat better for encoding

Luminance

Saturation

Hue

|
[]
[l

HSL/HSV

HSL/HSV: somewhat better for encoding

— hue/saturation wheel intuitive

saturation
—in HSV (single-cone) desaturated = white
—in HSL (double-cone) desaturated = grey

HSL/HSV: somewhat better for encoding
— hue/saturation wheel intuitive

saturation
—in HSV (single-cone) desaturated = white
—in HSL (double-cone) desaturated = grey

luminance vs saturation
—channels not very separable

—typically not crucial to distinguish between
these with encoding/decoding

—key point is hue vs luminance/saturation

HSL/HSV: Pseudo-perceptual colorspace

* HSL better than RGB
for encoding
but beware

—L lightness # L* luminance

2

Corners of the RGB
color cube

L from HLS

All the same

Luminance values

EREREO0

[Seriously Colorful: Advanced Color
Principles & Practices. Stone. Tableau
Customer Conference 2014.]
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Many color spaces

* Luminance (L¥), hue (H), saturation (S)
— good for encoding
— but not standard graphics/tools colorspace

* RGB: good for display hardware
— poor for encoding & interpolation

» CIE LAB (L*a*b*): good for interpolation
—hard to interpret, poor for encoding

* HSL/HSV: somewhat better for encoding
— hue/saturation wheel intuitive
— beware: only pseudo-perceptual!

— lightness (L) or value (V) # luminance (L¥)

Luminance

Saturation

|
[]
[l

Color Constrast & Naming




Interaction with the background

Hello Hello
Hello Hello
Hello Hello

Interaction with the background: tweaking yellow for visibility

* marks with high luminance on a background with low luminance

66

Interaction with the background: tweaking yellow for visibility

* marks with medium luminance on a background with high luminance

Interaction with the background: tweaking yellow for visibility

* change luminance of marks depending on background

| B “
Do they match? \

Image courtesy of John McCann via Maureen Stone

Image courtesy of John McCann via Maureen Stone
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Contrast with background

Contrast with background

Black and blue? White and gold?

https://imgur.com/hxjUQB
https://en.wikipedia.orglwiki/The_dress

Bezold Effect: Outlines matter

[Seriously Colorful: Advanced Color Principles & Practices. Stone.Tableau Customer Conference 2014.]

Color Appearance

* given L, a*, b*, can we tell what color it is?

—no, it depends

* chromatic adaptation
* luminance adaptation
* simultaneous contrast
* spatial effects

* viewing angle

74

Color naming

Color naming

Color names if Color names if
you're a givl... you're a guy...

Maraschino [N | Red
Cayenne. N
Maroon NN | Purple
=y |
Eggpiont. I
Grave
Orchid R
Lavender |
Carnation Pink
Stranberry N
Bubblegum
Magents [ETREITRTR
Salmon | ]
Tangerine [N | Orange
Cantaloupe
Banana Yellow
Lemon

Honeydew Green
Lime R
Sering
Clover N

Spinarift NN Blue
e
Sky Doghouse Diaries

http:/lwww.thedoghousediaries.com/ | 406 Turquoise 'We take no as an answer.”

Color naming

Actual color names Actual color names
if you're a girl ... if you're a guy ...
o I
S
magenta I agenta
| EOESEUEGERE
purplo I purplo
| O
bive N biue
Dmri;
ot pinc - I pink
| |
hot pink-~ I

| —simon
orange il

-
red
it

yolloLr yl)llow
L J

light green

lime green
neon green I
I
SRR

arecn SRR

aqua

teal _:}wal

-
blue blue
p )

d.coml: yeresuls/

Color naming

* nameability affects
—communication
—memorability
* can integrate into color models
—in addition to perceptual considerations

yeresults/

Actual color names Actual color names
if you're a girl ... if you're a guy ...
o I
|
magenta I Magenta
| EOERDRDRDR
purple I ourple
| EESERSEEY
biue IS biue

-
red
3

ot pink | N
| —aimon

orange

ynl!o[n
L

light green
lime green
neon green I
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Color is just part of vision system

* Does not help perceive
—Position
—Shape
—Motion

Map Other Channels




Angle / tilt / orientation channel

+ different mappings depending on range used

BN

Diverging ordered
arrow glyph

x
«— —

e T/}'_. <N

Sequential ordered
line mark or arrow glyph

Cyclic ordered
arrow glyph

* nonlinear accuracy
—high: exact horizontal, vertical, diagonal (0, 45, 90 degrees)
—lower: other orientations (eg 37 vs 38 degrees)

Map other channels
* size ® Size

—aligned length best > Length

—length accurate
—2D area ok
—3D volume poor

> Area

n|:||:||:|

> Volume

~...

8

* shape

Map other channels
* size ® size

—aligned length best > Length

> Area
—length accurate oo [ I:'
—2D area ok

—3D volume poor

3 Shape
+ O 0 A

—complex combination of lower-level primitives
—many bins

> Volume

....

Map other channels
* size ® size

—aligned length best > Length

—length accurate
—2D area ok
—3D volume poor

* shape
—complex combination of lower-level primitives
—many bins

* motion

—highly separable against static
« great for highlighting (binary)
—use with care to avoid irritation

> Area

2 Volume

n|:||:||:| ~~..

3 Shape
+ O 0 A

(® Motion
= Motion ) o o
Direction, Rate, o ® &
Frequency, ... °




