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Computing Cone Response
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Evolution of Basic Color Terms

Proposed universal evolution across languages

Yellow




Palette Design + Color Names

Minimize overlap and ambiguity of color names

0.20
Tableau-10

Color Name Distance

Salience Name
0.20 A7 blue 62.9%
.80 orange 93.9%
.67 green 79.8%
66 red 80.4%
A7  purple 51.4%
37 brown 54.0%
58 pink 71.7%
.67 grey 79
.18 yellow 31.2%
25 blue 25.4%
Average 0.97 52

70

http://vis.stanford.edu/color-names

Palette Design + Color Names

Minimize overlap and ambiguity of color names

0.07
0.35

0.84
0.17

Excel-10

Color Name Distance

Salience Name

0.35 .30 blue 50.5%
0.84 21 8%
017 34
0.7 0.32 .55
0.36 .20 blue 36.6°

.39 orange 51.9%

0.42 13 blue 15.7%
10,00 0.85 16 pink 29.4¢
0.00 .12 green21.7%
042 085 0.00 30 purple 23.9%
Average 0.87 27

http://vis.stanford.edu/color-names




Hints for the colorist

Use only a few colors (~6 ideal)

Colors should be distinctive and named

Strive for color harmony (natural colors?)

Use cultural conventions; appreciate symbolism
Beware of bad interactions (red/blue etc.)

Get it right in black and white

Respect the color blind

Announcements




Assignment 3: Dynamic Queries

Create a small interactive dynamic query application
similar to Homefinder, but for SF Crime Data.

Storyboard interface Dmame
Implement interface and
produce final writeup

Submit the application and a
final writeup on the wiki

Can work alone or in pairs
Final write up due before class on May 4, 2016

Using Space Effectively: 2D




Topics

Displaying data in graphs
Selecting aspect ratio

Fitting data and depicting residuals
Graphical calculations

Zooming and Focus + Context
Cartographic distortion

Graphs and Lines




Effective use of space
Which graph is better?

GOVT. PAY ROLLS UP! - GOVT. PAY ROLLS STABLE!

i
|| |
monom ||

Millions of dollars

.

Government payrolls in 1937 [Huff 93]

Aspect ratio

Fill space with data
Don’ t worry about showing zero

CD, CONCENTRATION (PPM)
CO, CONCENTRATION (PPM)

Yearly CO2 concentrations [Cleveland 85]




Clearly mark scale breaks
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[14c)spd bound (dis/min x 1073)

Scale break vs. Log scale
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Scale break vs. Log scale

POPULATION (THOUSANDS)
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Both increase visual resolution
Log scale - easy comparisons of all data
Scale break — more difficult to compare across break

Linear scale vs. Log scale

HICROSOFT CP.




Linear scale vs. Log scale

Linear scale
Absolute change

Log scale
Small fluctuations
Percent change
d(10,20) = d(30,60)

Semilog graph: Exponential growth

Exponential functions (y = ka™) transform into lines
log(y) = log(k) + log(a)mx
Intercept: log(k)
Slope: log(a)m

y= 6% , slope in semilog space: log(6)*0.5 = 0.3891
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Semilog graph: Exponential decay

Exponential functions (y = ka™) transform into lines
log(y) = log(k) + log(a)mx
Intercept: log(k)
Slope: log(a)m

y= 0.5 , slope in semilog space: log(0.5)*2 = -0.602

Log-Log graph

Power functions (y = kx?) transform into lines

Example - Steven’ s power laws:
S=kP°P> logS=logk+plogl

Intensit
Shock Heaviness Taste 1% y
T T T

>
Sensation

log(Sensation)

1

1 2
log(Intensity)



Selecting Aspect Ratio

Aspect ratio

Fill space with data
Don’ t worry about showing zero

Yearly CO2 concentrations [Cleveland 85]
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150
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Sunspot Number
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1504 | | | | : William S. Cleveland
The Elements of
Graphing Data

Sunspot
Number

Banking to 45° [Cleveland]

To facilitate perception of trends, maximize the
discriminability of line segment orientations

Two line segments are maximally discriminable
when avg. absolute angle between them is 45°

Optimize the aspect ratio to bank to 45°
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Aspect-ratio banking techniques

Median-Absolute-Slope Average-Absolute-Slope

a=median|s; | R, /R, a=mean|s; |R /R,

Average-Absolute-Orientation = Max-Orientation-Resolution
Unweighted Global (over all i, j s.t. i=j)

EM=45° EEWI.(O:)—Q,-((I)\Z
T 7

i n

Weighted Local (over adjacent segments)

16,()|1(a) q
E _use DlO@) -0, (@]

ST 45 ,
(a u

An alternate approach:
Minimize arc length (hold area constant)

Straight line -> 45 deg Ellipse -> Circle

[Talbot et al, 2011]
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Parameterization invariance

Weighted by length Not weighted by length
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[Talbot et al, 20711]

Robustness: bankingy =1/ x

Arc length AWO MS GOR LOR

[Talbot et al, 2011]
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Arc-length based aspect ratio

min 31122, yaa
ac(0e) o Va Y

i=1

| Ll
e “JM’F) M UM

Arc-length parameterization independent of spacing of points
Result are better than GOR and LOR and close to Cleveland’s AWO

[Talbot 11]
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Perceptual model based aspect ratio
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Ask people to estimate slope ratios for different conditions
Use data to fit a model derived from perceptual theory

sin(6;) [;

. S8l 100 +y . if HEIGHT
Pij = 6, .
g x 100 +(1+PB6m) i if ANGLE

[Talbot 12]
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Aspect Ratio = 1.17

—340
—320

| I | | | | |
1959-01 1964-03 1969-05 1974-07 1979-09 1984-11 1990-01

Aspect Ratio = 7.87

CO, Measurements

William S. Cleveland
Visualizing Data

Multi-Scale Banking to 45°

Goal

Optimized aspect ratios for varying scales

Approach
|dentify Scales of Interest

Generate Scale-Specific Trend Lines

Bank Trend Lines to 45°
Filter Resulting Aspect Ratios

18



Multi-Scale Banking to 45°

Idea: Use Spectral Analysis to identify trends
Find strong frequency components
Lowpass filter to create trend lines

Compute Power Spectrum

Take Discrete Fourier Transform
Compute squared magnitudes

Power Spectrum

A A —10,000,000
M | -0

19



Smooth the Spectrum

Convolve with Gaussian filter
window size =3, 0 = 1

Smoothed Power Spectrum
—8,000,000

—10,000,000
-0

Threshold the Spectrum

Threshold at mean of power spectrum
Retain last values of contiguous runs

ShrestivddeddmvSpoacinum

—8,000,000
—4,000,000
-0

20



Generate Trend Lines

Generate trend lines with lowpass filter

Trend Lines

—8,000,000
—4,000,000
-0

Bank Trend Lines to 45°

Trend Lings

21



Filter Aspect Ratios

Filter similar aspect ratios
Keep if a4 > co; (c=1.25 by default)

RieeectRaiiest Ratios

Sunspot Cycles

Yearly values 1700-1987

Aspect Ratio = 4.23

7
Aspect Ratio = 14.55 1700 1750 1500 1850 1900 1950
Power Spectrum 125

-20
-10
Aspect Ratios
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Monthly concentrations
from the Mauna Loa
Observatory, 1950-1990

Aspect Ratio = 1.17

Aspect Ratio = 7.87

—6,000,100
—4,000,100
—2,000,100

Power Spectrum

Aspect Ratios

Fitting the Data

100
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Age at Death (Days)

Age at Death (Days)

5 10 15 20 25 30

Percentage of Lifetime in Hibernation

[The Elements of Graphing Data. Cleveland 94]

35

T T T T T

5 10 15 20 25 30

Percentage of Lifetime in Hibernation

[The Elements of Graphing Data. Cleveland 94]

35
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Age at Death (Days)

Age at Death (Days)

Linear regression ...

5 10 15 20 25 30

Percentage of Lifetime in Hibernation

[The Elements of Graphing Data. Cleveland 94]

Linear regression w/out outlier ...

T T T

5 10 15 20 25 30
Percentage of Lifetime in Hibernation

[The Elements of Graphing Data. Cleveland 94]

35
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Transforming data

How well does curve fit data?

Y VALUE

[Cleveland 85]

Transforming data

Residual graph
Plot vertical distance from best fit curve
Residual graph shows accuracy of fit

[Cleveland 85]
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Most powerful brain?
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Brain mass in grams
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Most powerful brain

10
BODY MASS kilograms

Beautiful Evidence [Tufte]

Graphical Calculations
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Nomograms

15 20 25 30 3540 50 60 80 Time in
| L1 1 | minutes

Distance in
yards

Miles

15 20 25 303540 50 60 8o  Speedin
L1 11§ | ] knots

Sailing: The Rule of Three

Nomograms

15 20 25 30 3540 50 60 80 Time in
I T | 1 minutes

Distance in
yards

Miles

20 25 30 3540 50 60 80 ipee‘“"
I T T ] nots

1. Compute in any direction; fix n-1 params and read nth param
2. lllustrate sensitivity to perturbation of inputs

3. Clearly show domain of validity of computation
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x, (1)

X, (V)

v, (u)
y,(v)

w, (1)

w,(v)

X,(8,8)  y,(8,1) wy(s,1)

Model 1474-66 Electrotechnica

Tehnolemn Timisoara Slide Rule Archive

18 Scales
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Lambert’ s graphical construction

Johannes Lambert used graphs to study the rate of water evaporation as function
of temperature [from Tufte 83]
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E.]. Marey, La Méthode Graphique (Paris,

1885), p. 20. The method is attributed

to the French engineer, Ibry.
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Zooming
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Eames’ Powers of Ten [http://www.eamesoffice.com/the-work/powers-of-ten/]
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