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Human Color Perception
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Simulating Color Blindness

[Machado et. al, 2009]
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Color Spaces and Gamuts

Aiclorsvable o | S e Color space: the organization of all
: the average human eye: @ _ . e . .
are contained inside : p;lir:;s;]gcam: ioT;fseat:y The edge of the diagram, : CO‘OrS |n Space

the diagram

; called the spectral locus, :
oooooooooooooooo \.ccocooooc-ooco *

the end points. In this

: G +Red= : represents pure, '
o 7 1 monochromatic light - Often human-specific, what we can
0.8‘ 540‘ Emeasur'edbywavelengthini

nanometers. These are the See (e . g . C‘ ELAB)

¢ most saturated colors.

0.7. .........................................
. e e wonwen: @ Golor gamut: a subset of colors
7 5.'5*.‘.‘?.F.‘?T‘.‘E‘.’-.'?.‘.’-.’!“.?.’?.a.t.‘.".s. from Wh'te :
5007 B ... - Defined by corners ot color space
' olor gamut: subset o
. wemaymaeg. — VVhat can be produced on a monitor

the colors at it’s

L comers (e.g. using RGB)

, B - What can be produced on a printer
. : “line of purples”: these "
. colors arzfullaly saturated : (e-g. US|ng CMYK)

0.31

480 : :
o miving two colors (red and ,
00 e - The gamut of your monitor != the

00 01 02 03 04 05 06 07 08

" R gamut of someone else's or a printer
[Anatomy of a CIE Chromaticity Diagram]

D. Koop, CIS 680, Fall 2019 Northern Illinois University 4


http://dot-color.com/2012/08/14/color-space-confusion/

L. uminance

e HSL does not truly reflect the way we perceive color
e Fven though colors have the same lightness, we perceive their luminance

differently
o Our perception (L) is nonlinear
corene I I I ]
color cube
e Lo 0 1 1
All the same
e | | Inluls
- s

[Munzner (ill. Maguire), 2014 (based on Stone, 2000)]
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Violations of CIELAB Assumptions

e CIELAB:
- Approximately perceptually linear

- 1 unit of Euclidean distance = 1 Just
Noticeable Difference (JND)

- JND: people detect change at least 50% of
the time

e Assumptions CIELAB makes:
- Simple world
- |solation
- Geometric

[D. Szafir, 2017]
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http://cmci.colorado.edu/visualab/VisColors/17-VIS-ModelingColorDifference.pdf

Simultaneous Contrast
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Project Proposal

e Find an interesting subject or dataset

- see List of lists of datasets |B. Keegan]
e Understand the data available (format, types, semantics)
e Figure out some Interesting questions and tasks
e Start brainstorming about visualizations and interactions
® |nspiration:

- Information Is Beautitul Awards

- MBTA Viz
e Due Friday
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http://faculty.cs.niu.edu/~dakoop/cs680-2019fa/project.html#proposal
https://medium.com/information-expositions/list-of-lists-of-datasets-c9bf52370755
https://www.informationisbeautifulawards.com
http://mbtaviz.github.io

Midterm

e [hursday, October 17
e Covers material through this week

* Format:
- Multiple Choice
- Free Response (often multi-part)

- CS 680 students will have extra questions related to the research papers
discussed
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Colormap

e A colormap specifies a mapping from data values to color
e Colormap should follow the expressiveness principle
e [ypes of colormaps:

Binary y Categorical
n TFA
3
Diverging .:. 2 Sequential
-1 0 +1 1

[Munzner (ill. Maguire), 2014]
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Categorical Colormap Guidelines

_L \

noei e Don't use too many colors (~12)

. e Use other categories or create
5 groups If you have too many values!

e Nameable colors help

e Be aware of luminance (e.g.
difference between blue and yellow)

graz) e Think about other marks you might
) wish to use in the visualization
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Continuous Colormap for Ordered Data

US EPA Regional Oxidant Model -- Midwest
Ozone (ppbv): June 26, 1987, 18:00

[Bergman et al., 1995]
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Segmented Colormap for Ordered Data

US EPA Regional Oxidant Model -- Midwest
Ozone (ppbv): June 26, 1987, 18:00
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[Bergman et al., 1995]
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Continuous vs. Segmented Test Results

e "[Clontrary to the expressiveness principle,

no cases were found in which a continuous ~ -CCKUP ask (Lower)

-
encoding of 2D scalar field data was =
advantageous for task accuracy, and for g =)
some tasks, specific binned encodings c— ¢
facilitated accuracy.” Ué § b
e "[Slupport for the counterintuitive finding that & _ ¢
decisions with binned encoding were slower i = o
than those made with continuous encoding” = O
e \Vord of caution: single iImage! ;ﬁ >
-)
\O

Con 10 20 30 40
[Padilla et al., 201 7/]
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Ordering Color?
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[Borland & Taylor, 2007]
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Rainbow Colormap

' Bergman et al., 1995]
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Artifacts from Rainbow Colormaps

[Borland & Taylor, 2007]
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Artifacts from Rainbow Colormaps
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[Borland & Taylor, 2007]
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Two-Hue Colormap
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Be‘rgman et al., 1995]
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'Get It Right in Black and White" - M. Stone

jet colormap [S. Eddins (Matlab Blog), 2014]
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http://blogs.mathworks.com/steve/2014/10/20/a-new-colormap-for-matlab-part-2-troubles-with-rainbows/

'Get It Right In Black and White" - M. Stone
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[S. Eddins (Matlab Blog), 2014]
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http://blogs.mathworks.com/steve/2014/10/20/a-new-colormap-for-matlab-part-2-troubles-with-rainbows/

'Get It Right in Black and White" - M. Stone

5 10 15 20 25 30 35 40 45

parula colormap [S. Eddins (Matlab Blog), 2014]
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http://blogs.mathworks.com/steve/2014/10/20/a-new-colormap-for-matlab-part-2-troubles-with-rainbows/

'Get It Right in Black and White" - M. Stone

30 35 40 45 5 30 35 40 45

parula colormap S. Eddins (Matlab Blog), 2014]
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http://blogs.mathworks.com/steve/2014/10/20/a-new-colormap-for-matlab-part-2-troubles-with-rainbows/

|soluminant Rainbow Colormap

Original

Isoluminant

[Kindlmann et al., 2002]
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Turbo Colormap (August 2019)

Jet

Turbo
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Turbo: More Detall in Disparity Maps'/

|

\

4

/A, Mikhailov]
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https://ai.googleblog.com/2019/08/turbo-improved-rainbow-colormap-for.html

Turbo: Lightness Profiles

Jet Viridis Turbo

/A, Mikhailov]
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https://ai.googleblog.com/2019/08/turbo-improved-rainbow-colormap-for.html

Turbo Discussion

e [Urbo Is an Improvement over jet
e Some flelds (e.g. meteorology) have long used rainbow-like colormaps
e Argument Is that segments are more easily located

e [urbo post claims that hue is prioritized in attention, but this seems to
misinterpret the study...

® Brightness and saturation are more important than hue in attracting attention
Camgoz et al., 2004 h/t J. Stevens]
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https://twitter.com/jscarto/status/1164190471222116352

D3's color scales

e https://qithub.com/d3/d3-scale-chromatic

* [n v5, included in default bundle (N0 separate iImport)

e D3's built-in color scales

e Derived from ColorBrewer

e Sequential and diverging scales created using interpolation

®* Hue can change, but be careful
e Color ramp [M. BostockK]
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https://github.com/d3/d3-scale-chromatic
http://colorbrewer2.org
https://observablehq.com/@mbostock/color-ramp

Bivariate Colormaps
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Remember Separable vs. Integral

READING, i |
AND EARNING MONEY : :

. tAGLL CoRNTY. D
ne®-@

[GOOD)]
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http://magazine.good.is/infographics/america-s-richest-counties-and-best-educated-counties

Remember Separable vs. Integral

READING, e SETS R
AND EARNING MONEY i e

¢

f,

wow-@ Sow-@ NN DR COUNTY. WY

The map atright is a product of overlaying the three sets of data. The
variation in hue and value has been produced from the data shown
above, In general, darker counties represent a more educated, better
paid population while lighter areas represent communities with fewer
graduates and lower incomes.
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http://magazine.good.is/infographics/america-s-richest-counties-and-best-educated-counties

What about uncertain data”
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Bivariate Colormap (Uncertainty — Saturation)
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[Correll et al., 2018]
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Value-Suppressing Uncertainty Palette (VSUP)

Same Channels, just binned differently
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[Correll et al., 2018]
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Bivariate Colormap (Uncertainty — Saturation)

[Correll et al., 2018]
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Value-Suppressing Uncertainty Palette

[Correll et al., 2018]
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Evaluation

® [asks:
- |dentification: locate spatla\ reglons

Wedge Wedge Wedge

Discrete Continuous
Logend Sty ' ' ' ' ' ' B —
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B
e

- Prediction: place "safest locations

[Correll et al., 2018]
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|dentification Results
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Prediction Results
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[Correll et al., 2018]
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Results & Conclusions

® | egend shape has no significant effect
e Some indication that people avoid high uncertainty with VSUPSs
e [radeoff is that people do choose targets with higher danger when using a VSUP

o \/SUPs present uncertainty information simultaneously (superimposed)
iInstead of juxtaposed

¢ \/SUPs encode value and uncertainty via discrete, quantized bins instead of
continuously

[Correll et al., 2018]
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Geospatial Data
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Geographic Data

e Spatial data (have positions)
e Cartography: the science of drawing maps
- Lots of history and well-established procedures
- May also have non-spatial attributes associated with items

- Thematic cartography: integrate these non-spatial attributes (e.g.
population, life expectancy, etc.)

o (Goals:
- Respect cartographic principles
- Understand data with geographic references with the visualization principles

D. Koop, CIS 680, Fall 2019 Northern Illinois University 39



Map Projection

[P. Foresman, Wikimedia]

D. Koop, CIS 680, Fall 2019 Northern Illinois University 40



Flattening the Sphere”?

Central Meridian
(selected by mapmaker)

Great distortion at
high latitudes

Examples of two rhumb

: lines (direction true
RN Dbetween any

l two points)

\T/  Equator touches cylinder
| if cylinder is tangent

Reasonably true shapes

and distances within
15 degrees of Equator

[USGS Map Projections]
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http://www.apple.com

| ambert Conformal Conic Projection

Two standard paraliels
(selected by mapmaker)

Large-scaie map sheets can be joined at
edges if they have the same standard

parallels and scales

[USGS Map Projections]
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http://www.apple.com

Standard Projections

A2\
(Gans)
N

Regular Cylindrical Regular Conic

% Cylindrical

[J. P. Snyder, USGS]
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https://pubs.er.usgs.gov/djvu/PP/PP_1395.pdf

Map Projections

WHAT YOUR FAVORITE

M P HRegECTiON

SAYS ARBOUT YOU
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http://xkcd.com/977/

Projection Classification

Mynahedral
projections

Gore map

Dymaxion map

Goode's
homolosine

Lambert cyl eq area Plate carree

[J. van Wijk, 2008]
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https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf

Myriahedral Projections

J. van Wijk, 2008]
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https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf

Cut along parallels or meridians (graticules)
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[J. van Wik, 2008]
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https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf

Subdividing regular polyhedra
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[J. van Wik, 2008]
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https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf

Geographically-aligned

aligned with continents ; N
. )
north-up, south-down
continents and oceans 24 \
separated

north-up, south-down,
graticular mesh

J. van Wijk, 2008]
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https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf

Australia-centric
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J. van Wilk, 2008]

D. Koop, CIS 680, Fall 2019 Northern Illinois University 50


https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf

Search Tasks

Target known Target unknown
Location . .
° . Lookup o°, Browse
known . .
Location
unknown Q e » Locate Explore

[Munzner (ill. Maguire), 2014]
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Route Maps
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Adding Data

e Discrete: a value Is associated with a specific position
- Size
- Color Hue
- Charts

e Continuous: each spatial position has a value (fields)
- Heatmap
- |solines

D. Koop, CIS 680, Fall 2019 Northern Illinois University 55



Discrete Categorical Attribute: Shape
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Discrete Categorical Attribute: Shape
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Discrete Quantitative Attribute: Color Saturation
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Discrete Quantitative Attribute: Size
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Discrete Quantitative Attributes: Bar Chart

Railway Network Development and Bar Chart of Province Population in Turkey

Bar Chart of Fravinces In Turkey
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Continuous Quantitative Attribute: Color Hue
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http://tampaseo.com/2012/02/websites-heat-mapping-users/

Time as the attribute
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http://www.nytimes.com/interactive/2011/03/11/world/asia/maps-of-earthquake-and-tsunami-damage-in-japan.html
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http://commons.wikimedia.org/wiki/File:Topographic_map_example.png

ISOlines

e Scalar fields:
- value at each location
- sampled on grids
* [solines use derived data from the scalar field
- Interpret field as representing continuous values
- Derived data is geometry: new lines that represent the same attribute value

e Scalability: dozens of levels
e Other encodings?

D. Koop, CIS 680, Fall 2019 Northern Illinois University 63




Choropleth (Two Hues)

[M. Ericson, New York Times]
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Choropleth Map

e Data: geographic geometry data & one quantitative attribute per region
e [asks: trends, patterns, comparisons

e How: area marks from given geometry, color hue/saturation/luminance
o Scalability: thousands of regions

e Design choices:
- Colormap
- Region boundaries (level of summarization)
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Choropleth (Two Hues)

®Ericson, New York Times]
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Problem?

2008 Popular Vote

Obama
McCain

68 million

59 million

[M. Ericson, New York Times]
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Problem?

2008 Popular Vote

Obama
McCain

68 million

59 million

Amount of red and blue shown on map

Obama
McCain

850,000 mi°
2 150.000 mi°

[M. Ericson, New York Times]
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Adding Saturation

B Clinton +50-100 [ +15-50 [1+2.1-15 = +0-2.1 Trump +0-2.1 [ +2.1-15 [l +15-50 [ +50-100

[Washington Post, 2018]
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https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/

Aggregation: 2016 Election by Precinct

B Clinton +50-100 J+15-50 [+2.1-15  +0-2.1 Trump +0-2.1 [0 +2.1-15 [l +15-50 [ +50-100

[Interactive Version, NYTimes] ) [R. Rohla and Washington Post, 2018]
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https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/
https://www.nytimes.com/interactive/2018/upshot/election-2016-voting-precinct-maps.html

Aggregation: 2016 Election by State

B Clinton +50-100 B +15-50 | +2.1-15 +0-2.1 Trump +0-2.1 | +2.1-15 [ +15-50 [ +50-100

&
o

[Washington Post, 2018]
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https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/

Aggregation: 2016 Election by Country

B Clinton +50-100 [ +15-50 +2.1-15 +0-2.1 Trump +0-2.1 +2.1-15 B +15-50 | +50-100

[Washington Post, 2018]
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https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/

Area Marks and Color Hue & Saturation

(UENERIC NAMES FOR SOFT DRINKS

BY COUNTY &=

Most Popular
Term Used

Map by Matthew T. Campbell
Spatial Graphics and Analysis Lab
Department of Cartographyand Geography
East Central Univerisity (Oklahoma)
Map Template courtesy of www . mymaps.com

Map based upon

120 464 Respondants Respondants through

March 1, 2003

[popvssoda.com]|
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http://www.popvssoda.com/countystats/total-county.html

