Spatial Layout

Maneesh Agrawala

CS 558: Visualization
Winter 2005

Lecture adapted from Hanrahan 2004

Topics

Cartographic projections and distortions
Viewing projections

Displaying data in graphs

Fitting data and depicting residuals
Displaying multidimensional data
Graphical calculations

Reorderable spaces




Cartographic Projections

Latitude-longitude projection

[Figure 1.3, Flattening the Earth, Snyder]




Azimuthal equidistance
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[Figure 3.4, Flattening the Earth, Snyder]
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[Figure 1.35, Flattening the Earth, Snyder]




Mercator projection

Circular craters map to circles

USGS Map of Mars

[Figure 1.39a, Flattening the Earth, Snyder]




Cartograms: Distort areas
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Scale area by data

[From Cartography, Dent]

Election 2004 map

% voted democrat
% voted republican




Election 2004 cartogram

% voted democrat
% voted republican

Statistical map with shading
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Figure 5. Statistical map with shading.

[Cleveland and McGill 84]




Framed rectangle chart

MURDER RATES PER 100, 000 POPULATION, 1978

[Cleveland and McGill 84]

Rectangular cartogram

Native American population [van Kreveld and Speckmann 04]




Rectangular cartogram

American population [van Kreveld and Speckmann 04]

Dorling cartogram

Dorling and Dorling-like Cartograms

Graduated Symbol Map Demers Cartogram Dorling Cartogram




Distorting distances

Figure 1.8 Airlines’ view of the
United States.

Maps can be scaled to units other than of the
distance. In this case, airline fares are United States
used instead of miles or other linear
units.

(Map copyright by the author.)
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Scale distance by data
[From Cartography, Dent]
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Comparison to geographic map

Distorted Undistorted

| N
g 401 Foy w SE
= = o,
- ffﬂm.wm 7 : doson 3
; Ghativorin [ bortre - ( Howy woeb)
N
% 110 Pwy
3 SoUTH
Preamoon— g
Rt £
Nictionse “p:l
o }

OLYHPICS

Pacific Ocean
0 s o vt e v

alg e gdJd e
4 ap aire O O g angie
ape are O avolad e



ROUte mapS LII’]GDI’IVG [Agrawala & Stolte 01]

Cornell Way
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Hotel
Figueroa

Distortions improve effectiveness

Perspective
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Perspective allows more context
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Correction via multiple projections

[Agrawala et al. 00]
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Artificial perspective

Multiple parallel (oblique) projections
Orient receding parallel towards vanishing point

Some area comparisons possible

53 Street Map [Guarnaccia 93]
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CG example of artificial perspective

e

Standard perspective projection [Agrawala et al. 00]

L
‘Camera path (fixed slit) Example ray directions Use%per:med slits (perspective)

[Roman et al. 04]
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Issues

Choose coordinate systems that support
geometric reasoning

Tension between geometric properties
Equiarea implies not equiangular
Modern projections seek compromise

People tolerate distortion -- to an extent
Maintain important information
Avoid extremes

Graphs and Lines
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Effective use of space
Which graph is better?

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

| T
|
$20.000,000

- g - -

(]
[

I

1
+H—
i,

§19,500,00

.._____-_+. e
-—-'*“-_T_' ——

Government payrolls in 1937 [How To Lie With Statistics. Huff 93]

Aspect ratio

Fill space with data
Don’t worry about showing zero

n

=]

5]
I

CD, CONCENTRATION (PPM)

=)
=]

Yearly CO2 concentrations [Cleveland 85]
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Banking to 45 degrees

Orientation accuracy best at

45 degrees

Set aspect ratio accordingly

Sunspot Number

POPULATION (THOUSANDS)

Well marked scale break [Cleveland 85]
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Scale break vs. Log scale
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[Cleveland 85]

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
Absolute change

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




Semilog graph

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

w— orldwide cases of SARS reported by the WHO
m— Yorldwide deaths

mm— Czses in the United States

SARS cases up March — July 7, 2003

AIDS Cases:

Log-Log graph

Power functions (y = kx%) transform into lines

Example - Steven’s power laws:
S=kI” > logS=logk+plogl
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Age at Death (Days)

Fitting the Data

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)

5 10 15 20 25 30
Percentage of Lifetime in Hibernation

[The Elements of Graphing Data. Cleveland 94]

35

Linear regression ...

5 10 15 20 25 30

Percentage of Lifetime in Hibernation

[The Elements of Graphing Data. Cleveland 94]

35

22



Linear regression w/out outlier ...
*
*e

*

Age at Death (Days)

5 15 20 25 30
Percentage of Lifetime in Hibernation

[The Elements of Graphing Data. Cleveland 94]

Transforming the data

Residual graph
How well does curve fit data?

Plot vertical distance from
best fit curve

Residual graph shows
accuracy of fit

RESIDUAL

[Cleveland 85]

X VALUE
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Tukey sum-difference graph

Plot distance to line y = x
Rotate top graph by 45
degrees

Scale to increase visual
resolution

[Cleveland 85]

Parallel Coordinates

24



Parallel coordinates

Visualizing nD in planar image
Only 2 orthogonal axes

Use parallel axes instead

Plot each dimension of point x

on separate axis

x=(ab,cd,...)

[Wegman 90]

No intrinsic order
True of many nD techniques

Allow interactive axis swap

Bad: Relies on human
examination

Good: Powerful interaction %

A7

7
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Machine learning

Automated multidimensional
detective [Inselberg 99]

5D Automobile Data [Wegman 90]
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Parallel coordinates: Clustering

Proximity-based coloring

Visualizing hierarchical clusters [Fua et al. 99]

Graphical Calculations
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Nomograms

The Rule of Three

Theory

x(u) v (u)
X(V) Y, (V)
X5(S,1)  Ys(Sit)

W, (u)
w, (V) |=0
W, (s.1)
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Slide rule
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Ableseschema
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Johannes Lambert used graphs to study the rate of water evaporation as function
of temperature [from Tufte 83]

29



PARIS. . 1 8 L " mion 2 3 0 N minuit s

Mores
MONTEREAU

%
%

LarLaumes \’

olon

MACON

e con l 1
LYON Percache |
(512113

C [0 WD 0 ] INUIT “

E.]. Marey, La Méthode Graphique (Paris,
1885), p. 20. The method is attributed
to the French engineer, Ibry.

Reorderable Spaces
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[Graphics and Graphic Information Processing, Bertin 81]
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[Graphics and Graphic Information Processing, Bertin 81]
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[Graphics and Graphic Information Processing, Bertin 81]




[Graphics and Graphic Information Processing, Bertin 81]

Rivet: Interactive reordering

Overview Zoom Reorder

Performance Analysis and Visualization of Parallel Systems Using
SimOS and Rivet: A Case Study [Bosch et al. 00]
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Trellis: Automatic ordering

Barley Yield (bushels/acre) Barley Yield (bushels/acre)

Main-effects ordering Alphabetical ordering

Summary

Spatial layout is the most important visual
encoding

Geometric invariants of spatial
transformations support geometric reasoning

Use distortions to emphasize important
information

Use space to show data with as much
resolution as possible

Ordering is a powerful operation for
organizing the data
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