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Spatial Datasets

@ Dataset Types

- Tables > Networks 2 Spatial
Attributes (columns) = Fields (Continuous) > Geometry (Spatial)
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Node
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Spatial Datasets

e use given spatial position
e when?

—dataset contains spatial attributes and they have primary importance
—central tasks revolve around understanding spatial relationships

e examples
—geographical/cartographic data
—sensor/simulation data



Geographic Maps



Cartography - Minster’'s Geographia (1552)
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Cartography - Johannes van Keulen (1679)
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Cartography - S. Augustus Mitchell (1867)
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Cartography — 20t Century physical

~Interlocking marks

 shape coded

R US Sy

“ '« area coded
.~ .* position coded

e cannot encode

~another attribute
with these channels,
they're "taken"

TTTTTTTT
vvvvvvvv



Thematic maps

e show spatial variability of attribute ("theme")
—combine geographic / reference map with (simple, flat) tabular data

—join together

e region: interlocking area marks (provinces, countries with outline shapes)
— also could have point marks (cities, locations with 2D lat/lon coords)

e region: categorical key attribute in table
—use to look up value attributes

e major idioms
—choropleth
—symbol maps
—cartograms

—dot density maps
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Idiom: Choropleth maps

e use given spatial data

—when central task is understanding spatial
relationships

e data

—geographic geometry

—table with 1 quant attribute per region

http://bl.ocks.orq/mbostock/4060606

e encoding
—position:
use given geometry for area mark boundaries

—color:
sequential segmented colormap

12


http://bl.ocks.org/mbostock/4060606

Idiom: Choropleth maps

CARTE FICGURATIVE DE PINSTRUCTION POPULNERE DE LN FRANCE.

o Map in which areas are
shaded, coloured, or
patterned relative to a
data attribute value

o e.g. llliteracy in France

(first choropleth map,
Charles Dupin, 1826)
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Idiom: Choropleth maps

Show contrast

Map 1.1 Borders matter
HDI in United States and Mexican border localities, 2000
0.636-0.700

‘ 0.701 - 0.765

. -L fbatpon
___ ‘ ®0.831-0.895

@0.896- 0.950
Mexicali: HDI = 0.757 ‘

-

‘ /
"‘J

HDI, 2000

Source: Anderson and Gerter (2007a).



Idiom: Choropleth maps

India Heat Wave;
week of May 24-30,
2015




Idiom: Choropleth maps

Uber wait times Expected Wait Times in San Francisco
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THE

Fall Foliage Prediction Map

2015 EDITION

Mo Change
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http://smokymountains.com/fall-foliage-map/

Idiom: Choropleth maps

RUSSIA  _ oga @ =00 o 0 CANADA
S
‘Epicenter Show time
2:46 PM local ime
12:46 AM ET
- UNITED

STATES



Idiom: Choropleth maps

Beware: Population maps trickiness!

e spurious correlations: most attributes just show
where people live

PET PEEVE #208:

GEOGRAPHIC PROFLE MAPS WHICH PRE
BROICALLY JUST POPULATION MAPS

19


https://xkcd.com/1138

Idiom: Choropleth maps

Beware: Population maps trickiness!

e spurious correlations: most attributes just show
where people live

e consider when to normalize by population
density

eencode raw data values
—tied to underlying population
e but should use normalized values

—unemployed people per 100 citizens,
mean family income

PET PEEVE #208:

GEOGRAPHIC PROFIE MPPS WHICH PRE
BROWCALLY JUST POPULATION MAPS

20


https://xkcd.com/1138

Idiom: Choropleth maps

Beware: Population maps trickiness!

e spurious correlations: most attributes just show
where people live

e consider when to normalize by population OUR SITES USERS SUBSCRBERS T
. MAFTHA STEWART LVING
density

§ THE BUSINESS IMPLCATIONS ARE CLEPR,

J

e encode raw data values
—tied to underlying population

e but should use normalized values FU%(NI%JR%

—unemployed people per 100 citizens,
mean family income

e general issue

PET PEEVE #208:

— absolute counts vs relative/normalized data GEOGRAPHIC PROFIE MAPS WHICH PRE
BASICALLY JUST FOPULATION MAPS

— failure to normalize is common error

21


https://xkcd.com/1138

UNITED STATES ECONOMIC ACTIVITY, SPLIT IN HALF

GDP

50% 50%

https://vividmaps.com/us-economic-activity-split-in-half/



http://bl.ocks.org/mbostock/4060606

The map does not make false claims but it leads readers to the conclusion that the orange areas
are much more important than the blue region (equal economic activity but much smaller area). The
first problem is that the types of economic activities are vastly different between those regions, and
this significant factor is ignored.

The second problem is that the designer over-aggregated the data. All counties (or zip codes)
are classified into two groups ("split in half") when in fact, the level of economic activity at the level
of counties (or zip codes) is a gradient. Imagine plotting the economic activity index by county,
ordered from the highest to the lowest. Do we see a dramatic drop-off after counting out half the
counties (i.e., the pattern shown on the left chart below)? Or are we more likely to see the pattern
shown on the right? If you see a distribution like the one shown on the right, would you summarize
that with just two segments?

Implied by Map Maore Realistic

Index of Economic Activity Index of Economic Activity

"-\_‘-.-.

-‘\“'--..

Half the The Other Half the The Other
country Half country Half
Counties, ordered from Counties, ordered from

highest to lowest highest to lowest



Choropleth maps: Recommendations

e only use when central task is understanding spatial relationships
e show only one variable at a time

e normalize when appropriate

e be careful when choosing colors & bins

e best case: regions are roughly equal sized

24



Choropleth maps: Pros & cons

® pros
— easy to read and understand
— well established visualization (no learning curve)
— data is often collected and aggregated by geographical regions

® Cons
— most effective visual variable used for geographic location

— visual salience depends on region size, not true importance wrt attribute value
e |large regions appear more important than small ones

— color palette choice has a huge influence on the result

25



Idiom: Symbol maps

e symbol is used to represent aggregated data (mark or glyph)
— allows use of size and shape and color channels
e aka proportional symbol maps, graduated symbol maps

e keep original spatial geometry in the background

e often a good alternative to choropleth maps

State pO pU | ati on ] Christmas trees produced in 2017, by county
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Idiom: Symbol maps with Glyphs
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Data as Time

Les noms et les fronteres des pays sont ceux
o o o o



Mapping Earthquake




Idiom: Symbol maps Pros & Cons

® pros
—somewhat intuitive to read and understand

— mitigate problems with region size vs data salience
e marks: symbol size follows attribute value
e glyphs: symbol size can be uniform

® cons

— possible occlusion / overlap
e symbols could overlap each other
e symbols could occlude region boundaries

—complex glyphs may require explanation / training

30



Idiom: Contiguous cartogram

e interlocking marks:
shape, area, and position coded

e derive new interlocking marks

—based on combination of original
interlocking marks and new quantitative
attribute

e algorithm to create new marks

Greenhouse Emissions

—input: target size

—goal: shape as close to the original as

possible

] ) . ) Child Mortality
—requirement: maintain constraints

erelative position

econtiguous boundaries with their
neighbours

31



Idiom: cartogram

o Map in which areas are STATISTIQUE FIGURATIVE

scaled and distorted -
relative to a data attribute
value

SUPERFICIE

I millimetre carre represeonte
D00 Kiloowires curres

o e.g.Lland Area
(first cartogram, Emile
Levasseur, 1868)

E
-

0|l



Economic Output @ Each hexagon represents G.D.P. growth, 2011 to 2012

$2.7 billion in G.D.P. | | ——
In this map, geography is distorted so that each 2 4 8 8 +10%

country is sized aceording to its economic
output in 2012. The countries are colored by their
rate of growth; more established economies tend to
grow more slowly.

China is both highly productive and

growing rapidly. Considering individual
provinces conveys its impressive scale: MONGOLIA
Guangdong, just one of 31 Chinese
provinces, has an economic output
greater than Indonesia.

NORTH KOREA

SOUTH KOREA

CHINA

Japan and South Korea
have large economic
output, but growth has

TAIWAN slowed as they have
caught up with the West
and innovation becomes
more difficult.

Rising wages and risk in
China are encouraging
businesses to consider
alternatives, including
Cambodia, Vietnam and
the Philippines. f

MALDIVES

BRUNEI

MALAYSIA
SINGAPORE

MEW YORK




Population @ Each hexagon represents G.D.F. per capita, 2012

500,000 people || [ ———
Sizing by population instead gives an estimate of a 12 5 10 520K

country’s economic potential, at least for labor-based
manufacturing. The color here shows the economic
output per capita: a measure of how effectively that
potential has been realized, and a proxy for labor cost.

Despite its large population, India's troubles
building an efficient transportation network, its
bureaucratic land regulations and turbulent
labor relations have slowed investment and MONGOLIA
growth there.

MNORTH KOREA

CHINA R
PAKISTARN

Japan has one of the
highest per-capita G D P's
in the region. Some
Japanese manufacturers
are moving operations to
countries with very low
G.D.P. per capita, like
Cambodia, to take
advantage of cheap labor.

MDA

Wietnam, Thailand and
the Philippines each
have a population
close to a large
Chinese province and

have similar or lower
wages, making them
MﬂLIiWES attractive alternatives

fo China.
®

¥ o

-
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Figure 1.8 Airlines’ view of the

United States. Airlines' View
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 from Atlanta, Georgia

units.

(Map copyright by the author. )
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""_ “~ Philadelphia

" New York

Compiled from odvertised one-way coach airfores
in the Atlanta/Journal Constitution from Atlanta
to various American cities, American Airlines,
Septemnber 24, 1987,

Wop copyright Borden 0. Dent, 1983 Dotlars



Note: NV, with an estimated

concert attendance of over 600,000,
is excluded because of space

limitations.

Attendance per state
140,000
& 90,000
A 30,000
L2 10,000 -II

Note: DE, DC, ID, MT,
NH, ND, VT, WY, AK = 0
NJ data are unavailable.

Elvis Concerts
Attendance per State, 1970 - 1977

Source: Stanley, David E., with Frank Coffey. The Elvis Encyclopedia.
Santa Monica, CA.: General Publishing Group, Inc , 1994.

(© 1995 Andrew Dent and Linda Turnbull
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e uniform-sized shapes arranged in rectilinear grid

e maintain approximate spatial position and arrangement
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OBESITY RATES OVER THE YEARS
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Idiom: Grid cartogram

cartogram (CJ) Geographic Map

NDA 336 NDA 349

2014 s UPA 60 2019 & UPA 82

Others 147 Others 109




Idiom: Dorling cartogram

W32 -35%
W29 -32% oM
M 26 - 29%
23 - 26% aM
20 - 23%
17 -20% bl Obesity Map
. 100
Wis-17% ~

Vadim Ogievetsky



Idiom: Dorling cartogram

W32 -35%
W25 -32% oM
W 26 - 29%
W23 - 26% SN
20 -23% .
W17 - 20% .
iy /To0R\ Obesity Map

Vadim Ogievetsky



Idiom: Cartogram

Kohei Sugiura’s
time map of Tokyo
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Reference map

US Presidential Election 2024

Results mapped at county level showing the
candidate with the largest vote share in each area

Results Vote share
Harris of candidate with most votes

75,012,178 votes (51.1%) _ Harris

226 electoral votes
70  90%

Trump 0
77,302,416 votes (49.8%) ‘
312 electoral votes

Data Sources: BBC, Tony McGovern (fonmcg / github), Oak Ridge National Laboratory

Alaska and Hawali showing state-level outcomes

w8

Gridded population cartogram:

: areas resized according to

the total number of people living there
(Alaska and Hawaii not included)

D
APPER

WwW.wordmapper.org

https://worldmapper.org/maps/



Cartogram: Pros & cons

® pros
—can be intriguing and engaging
—best case: strong and surprising size disparities

—non-contiguous cartograms often easier to understand

® CONS

—require substantial familiarity with original dataset & use of memory
e compare distorted marks to memory of original marks
e mitigation strategies: transitions or side by side views

—major distortion is problematic
e may be aesthetically displeasing

e may result in unrecognizable marks

—difficult to extract exact quantities
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Idiom: Dot density maps

e visualize distribution of a
phenomenon by placing N
dots ’

* one symbol represents ey 1| [ D
a constant number of a5
items -

—dots have uniform size ‘M '-%;‘-.: R
& shape RS

Legend
. 1Dot=50000
Population

—allows use of color
channel

e task:
show spatial patterns,
clusters
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Idiom: Dot density maps

Ehe New ork Shmes Data as Points
Mapping America: Every City, Every Block Find something i

Browse local data from the Census Bureau's American Community Survey, based on samples from 2005 to 2009. Because these figures are based on
samples, they are subject to a margin of error, particularly in places with a low population, and are best regarded as estimates.

o data: categorical
Distribution of racial and ethnic groups

LAXE TELEMARK

li :""‘." ,,j
., .?q"

) MAP KEY
"' One dot = 200 people
« W white
* M Black
1 [ Hispanic
.. B Asian
- W Other

By MATTHEW BLOCH, SHAN CARTER and ALAN McLEAN | Source: 2005-3 American Community Survey, Census Bureau; socialexplorer.com Note: Dots are
county. Dollar 3



Hide Overlays

Click to add or remove racial color-coding

Remove Color-Coding

Dustin A. Cable | University of Vi

Racial segregation: dots + color T ———




A TAXONOMY OF
TRANSITIONS

racial / ethnic
self-identification
in chicago

in the year 2000

whitem
black m
asian ©
hispanic &
otherm

he black bnes show
chicago's aftcel
ComiTn ity ankic.

#ach dot represents
tawanty-fve pecple
hore, hispanic
exchishe of cther
categone.

block-level data
frmmthe US. cenyun.

Tha sarne deta, aggregsted by communily ¥
ared and shown with sakd cokoes

BN majority Nspanic
W 80% bk
B majority black
Maority asian
no majority

Racial segregation in Chicago: dots vs choropleth



Idiom: Dot density maps
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Idiom: Dot density maps

Data as Points




Idiom: Dot density maps

Map of the Damage From the Japanese Earthquake

An interactive map and photographs of places in Japan that were damaged by the March 11 earthquake

bonnarnl LDCATEO AIADC L) dE G044 F:.90 O ET

Data as Points
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Dot density maps: Pros & Cons

® pros

—straightforward to understand

—avoids choropleth non-uniform region size problems
® cons

—challenge: normalization, just like choropleths

eshow population density (correlated with attribute), not effect of
interest

—perceptual disadvantage:
difficult to extract quantities

—performance disadvantage:
rendering many dots can be slow
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Idiom: Binning as an alternative to dot density maps

e Binning is a great alternative technique for
visualizing density when working with large
data sets

e Sometimes aggregating the data tells a better w _
story or uncovers new findings e : 2980

e One method is hexagonal binning, which uses
hexagon shapes to create a grid and develop a o 7
spatial histogram . . o i R, <%
« Mafetre _)., p 0. ¢

e Binning is simple — it’s the number of points
that fall within a rectangle or hexagon in a
gridded surface

https://blog.mapbox.com/binning-an-alternative-to-point-maps-2cfc7b01d2ed



http://bl.ocks.org/mbostock/4060606

Map Projections

P P ) 216/3:59

Gall--Peters Projection

4 UsefulClips
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https://www.youtube.com/watch?v=vVX-PrBRtTY




A sphere tears
when you
flatten it




Unfolding to...

...the coastline of the earth.

Many ways to tear it
van Wijk 2008



Map Projections

e mathematical functions that map 3D surface geometry of the Earth to 2D maps
e all projections of sphere on plane necessarily distort surface in some way

L4 | nte ra CtIVEI philogb.github.io/page/myriahedral/ and jasondavies.com/maps/
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WHAT YOUR FAORITE

MaP FHRIECTION | vavom o

SAYS ABOUT YOU |

MERCATOR

YOURE NOTA (DMPUCATED PERSAN. You LOVE THE
- MERCATOR PROTECTON; YoU TUST WISH IT WERENT
SQUARE. THE EARTH NOT A SAUARE, ITS A CIRCLE..
You LIKE CIRCLES. TOORY S GONNA BE A Goop DAY

YOU'RE NOT REALLY INTD MAPS.

YOU HAVE A COMFORTRBLE PAIR OF RUNNING SHOES  YOU LIKE ISARC ASIMOV, XML, AND SHOES WITH TBES,
THAT YOU WEPR EVERYWHERE. YU UKE COFFEE AND  YOU THINK THE SEGWAY GaT A BAD RAP YOU OWN 3D
ENTOY THE BEATLES. YOU THINK THE ROBINSON |6 GOGGLES, WHICH YOU USE T WIEW ROTRTING MODELS
THE BEST-LOOKING PROJECTION, HANDS DOWN. OF BETTER 3D GOGGLES. Ybu TWPE IN DvoRAK.




NPTIONAL GEDGRAPHIC ADOPTED THE WINKEL-TRIPEL IN
1998, BUT YOUVE BEEN A W Fan SINCE. ZoM5 BERRE

"NATGED SHOWED UR YOURE WORRIED ITE GETTING
PLAYED QUT, AND ARE THINKING OF SWITEHING To THE
KAVRAYSKIY, You ONCE LEFT A PARTY IN DISGUST WHEN
B, GUEST SHOWED UP WEARING SHOES WITH TOES. YOUR
FRVORITE MUSICAL GENRE. 1S “PosT-".

YOU WANT To ANOID CULTURAL IMPERIALISM, BuT
YOUVE HEPRD BAD THINGS ABOUT GALL- PETERS.
YOURE (ONFUCT-AVERSE AND BUY ORGRIIC. YOU
USE A RECENTIY-INVENTED SET OF GENDER-NEUTRAL
PROMOUNS AND THINK THAT WHAT THE WORLD
NEEDS 15 A REVGLUTION 1IN COMSCIOUSNESS,.

THEY SA¢ MAPPING THE EARTH ON A 2D SURFA(E 15
LIKE FLATTENING AN ORANGE PEEL, WHICH $EEMS
ERSY ENOUGH To YbU. YOU UKE ERGY SOLUTIONS. Ybu
THINK WE WOULDNT HAVE. 50 MANY PROBLEVS IF WED
JUST ELECT MR PEOPLE To (oNGRESS NSTERD
OF FOLMICIANS. YOU THINK RIRUINES SHOULD JUsT BUY
FooD FRoM THE RESTRURANTS NERR THE GATES AND
SERVE 7A#A7T ON BOARD: YOU CHANGE YOUR CAR'S OIL,
BUT SECRETY WONDER IF YoU REALLY AEEZ O,

PLATE CARREE.
(EBUIRECTANGULAR)

9
YOUTHINK THESONE 16 FINE.. YoU LIKE How! X anD Y
MAP T LATITUDE AND LONGITUDE. THE OTHER

PROTECTION S OVERCOMPLICATE. THINGS. YOU) WANT HE
TO SToP ASKING PBOUN MARS S0DU CAN ENTY DINNER.

\ioTeEOMon i rreRoyY




NEEDS 5 A REVGLUTION 1IN CONSCIOUSNESS .
A GLOBE!

YES, YOURE VERY CLEVER.

PEIRCE QUINCUNCIAL REALL{? YOO koW THE WATERMAN? HAVEYOU SEEN
r THE 1909 (AHILL MAP [T GASED— _ U HAVE A FRAMED

b REPRODUCTION AT HOME?! WJHOA. .. LISTEN, FORGET
THESE QUESTIONS. PREYDU DOING ANYTHING TONIGHT?

| 2 o

YOU THINK THAT WHEN WE LOOK AT A MAR, WHAT WE
REALLY SEE 15 CURSELVES. PETER'YOU FiRST AW
INCEFTIOV, You SAT SILENT IN THE THEATER. PR
SIX HOURS. T FREAKS YOU OUT T0 REAUZE THAT T HATE NOU.
e o NSOE T http://xked.c
YOU A4 REALLY LCDKED AT YOUR HANDS, /971




Map Projections

Projections Types

o Azimuthal: Preserves direction from a central point
o Authalic: Preserves area

o Conformal: Preserves angles / local shapes

o Others? Combinations?






Mental Maps
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Mental Maps

Mental map exercises

o Where am [ in the city?
o From here to there

o What's around here?

o Where | went and what | did



Mental Maps

What's so interesting about these maps?

Taking note of people’s intuitive strategies — as landscape architects

might use shortcuts taken by users or as park planners might in some
cities after the snow.




Mental Maps

- Individually tailored “Made for an audience of one”
- In .a moment, ephemeral



Mental Maps

Directions

- Steps
- Intermediate goals
- Progressive disclosure



Mental Maps

Efficient

- Edited, only necessary information
- Shorthand notation to accompany verbal description



Mental Maps

Rotate and distort

Orientation eg. seaside maps
Geography

Geometry eg. ‘rectilinear correction’
Scale

Detail, ‘granularity’



Mental Maps

Supportive

- Annotated
- Error detection, “If you reach the toll road, you've gone
too far”



Mental Maps
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Mental Maps

y d% %47 SVt cuiAs ) ! . Linear
pat B /A L/ VN et ool This mental map demonstrates
- ¢ ObA P & the importance of backbone

walking routes. Broad and
reasonably straight, Fleet
LTy Street provides the perfect
— spine from which roads jut of f

ol p 3 tothe north and south. Names
". 'l ¢ {,z, ')‘,} areinthe right order, but not

& e - - geographically. The level of

" detail and familiarity with the

* < - | street names suggests that the
. "' UG ) person responsible has worked
; o N A 0T ofs) in this area for some years.

A | Lot

TWACIe e K

\ : - e
> % . — { \ .~

! “
oosr e

. N\ s o

\’ A '
X -

\ Stick and ball
\ ,- vy | + This map is defined by
\ ~v destinations (drawn as circles L
\ N and named) rather than the
routes (drawn as parallel lines
' . o l and left unnamed). Itis
TN Steout —_— probably influenced by the 3
. - ~ Tube map, and emphasises the Human A-Z
N arrival rather than the journey. Possibly the work of a
professional. The level of
detail is exceptional, with
accomplished draftsmanship
and a thorough understanding
of geographical relationships.
Note the number of important
landmarks (to the authorl)




The Image of the City — Kevin Lynch
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The Image of the City — Kevin Lynch

Mental maps used by Lynch to isolate distinct features of a
city and deduce their impact on public experience



The Image of the City — Kevin Lynch

Imageability, or legibility, of a place

Five elements

1. Paths — routes

2. Edges — other lines eg. shoreline
3. Districts — realms

4. Nodes — foci, centres

5. Landmarks — architectural, natural



Locate / Describe

Mapping — systematically locating things
A map — representation of this

JW.Jones
Jones-Live Map (1909)

Andrew McNally I
Photo-Auto Guide (c. 1907)



Locate / Describe

"A shift in perception is reflected in changing methods of mapping. Our
knowledge of the world allows us to see it in different ways, and this
manifests itself in new [graphic] representations.”

Emmet Connolly
Web developer, Google
blog.thoughtwax.com



LineDrive

Rendering Effective Route Maps: Improving Usability Through Generalization

Maneesh Agrawala

Chris Stolte

Stanford University *

Hoed

Figure 1: Three route maps for the same route

Parawount Fanch
Natwome! Purk

O HPIC

d by (left) a

The standard

d map is difficult to use because its large, constant scalc (aclor causes the short roads to vanish and b itiscl

g system, (middle) a person, and (right) LineDrive, our route map rendering system.
d with details such

as city names, ;.rkt nnd roads that are far away from the route. Both the hnnddmwn map and the LineDrive map cxaggerate the lengths of the short roads to ensure their visibility

wh\lc munmnung a nmplc clean design that emphasizes the most

map or the LineDrive map.

I3 &

Abstract

Route maps, which depict a path from one location to another, have
emerged as one of the most popular applications on the Web. Cur-
rent computer-generated route maps, however, are often very diffi-
cult to use. In this paper we present a set of cartographic general-
ization techniques specifically designed to improve the usability of
route maps. Our generalization techniques are based both on cogni-
tive psychology research studying how route maps are used and on
an analysis of the gencralizations commonly found in handdrawn
route maps. We describe algorithmic implementations of these gen-
cralization techniques within LineDrive, a real-time system for au-
tomatically designing and rendering route maps. Feedback from
over 2200 users indicates that almost all believe LineDrive maps are
preferable to using standard computer-generated route maps alone.

Keywords: Information Vi
tions, Human Factors

1 Introduction

Route maps, which depict a path from one location to another, are
one of the most common forms of eraphic communication Al.

ion, Non-Realistic Rendering, WWW Applica-

| information for following the route. Note that the handdrawn map was created without seeing cither the

(Handdrawn map courtesy of Mia Trachinger.)

clarity of the map and to emphasize the most important informa-
tion [16, 21]. This type of generalization, performed either con-
sciously or sub-consciously, is prevalent both in quickly sketched
maps and in professionally designed route maps that appear in print
advertisements, invitations, and subway schedules [25, 13].

Recently, route maps in the form of driving directions have
become widely available through the Web. In contrast to hand-
designed route maps, these computer-generated route maps are of-
ten more precise and contain more information. Yet these maps are
more difficult to use. The main shortcoming of current systems for
automatically generating route maps is that they do not distinguish
between essential and extraneous information, and as a result, can-
not apply the generalizations used in hand-designed maps to em-
phasize the information needed to follow the route.

Figure 1 shows several problems arising from the lack of dif-
ferentiation between necessary and unnecessary information. The
primary problem is that current computer-mapping systems main-
tain a constant scale factor for the entire map. For many routes, the
lengths of roads can vary over several orders of magnitude, from
tens of feet within a neighborhood to hundreds of miles along a
highway. When a constant scale factor is used for these routes, it

faonas the chartne onade ¢ ehnink ¢a a nadnt and acecantiallv venieh



LineDrive

o cartographic generalization techniques specifically designed to improve the
usability of route maps

o The generalization techniques are based both on cognitive psychology
research studying how route maps are used and on an analysis of the
generalizations commonly found in hand drawn route maps

o They describe algorithmic implementations of these generalization
techniques within LineDrive, a real-time system for automatically designing
and rendering route maps

PRMAFRLASY

A‘J Us-101
E}_ 401 ewy W e—t>E Wa
) | a
i \ Py N -
: \ e S Cormell Way
Comrelis N\ (o ces)
| "
l} ‘ 110 Vwy
- SouTh
1]
|
T L
L] Par amvount Ranch
PM’.M-WW I' ; Mational Park James M Pth St 0.0
¢ 0z
R, ‘{ p Mt it .
u
Nermopn ,ﬂ p Figuaros
o= é‘ &E | &
l'r | v ™
| L3
sl q"f » %,



LineDrive

straighten wiggly lines
snap turns to right angles
expand regions with turns
contract long straight roads
label carefully

maintain overall orientation
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Spatial Fields



Idiom: topographic map

¢ data

BEI

N e

S

i8]
—geographic geometry U ﬁ
A o

s /
—scalar spatial field

e 1 quant attribute per grid cell
e derived data

—isoline geometry

eisocontours computed for
specific levels of scalar values

e task

—understanding terrain shape
edensely lined regions = steep

® pros

—use only 2D position, avoid 3D challenges Land information New Zealand Data Service
—color channel available for other attributes

® Ccons
—significant clutter from additional lines
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http://bl.ocks.org/mbostock/4060606

Bengaluru




Idioms: isosurfaces, direct volume rendering

e data

—scalar spatial field (3D volume)
e 1 quant attribute per grid cell

e task

—shape understanding, spatial relationships

[Interactive Volume Rendering Techniques. Kniss. Master’s thesis, University of Utah Computer Science, 2002.]

[Multidimensional Transfer Functions for Volume Rendering. Kniss, Kindlmann, and Hansen. In The Visualization
Handbook, edited by Charles Hansen and Christopher Johnson, pp. 189—-210. Elsevier, 2005.]
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Idioms: isosurfaces, direct volume rendering

e data

—scalar spatial field (3D volume)
e 1 quant attribute per grid cell

e task

—shape understanding, spatial relationships

e ijsosurface

—derived data: isocontours computed for specific levels of
scalar values

[Interactive Volume Rendering Techniques. Kniss. Master’s thesis, University of Utah Computer Science, 2002.]

[Multidimensional Transfer Functions for Volume Rendering. Kniss, Kindlmann, and Hansen. In The Visualization
Handbook, edited by Charles Hansen and Christopher Johnson, pp. 189—-210. Elsevier, 2005.]
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Idioms: isosurfaces, direct volume rendering

e data

—scalar spatial field (3D volume)
e 1 quant attribute per grid cell

e task

—shape understanding, spatial relationships

e ijsosurface

—derived data: isocontours computed for specific levels of
scalar values

e direct volume rendering

—transfer function maps scalar values to color, opacity
e no derived geometry

[Interactive Volume Rendering Techniques. Kniss. Master’s thesis, University of Utah Computer Science, 2002.]

[Multidimensional Transfer Functions for Volume Rendering. Kniss, Kindlmann, and Hansen. In The Visualization
Handbook, edited by Charles Hansen and Christopher Johnson, pp. 189-210. Elsevier, 2005.]
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Vector and tensor fields

e data
—multiple attribs per cell (vector: 2)

e tasks
—finding critical points, identifying
their types
—identifying what type of critical
point is at a specific location

—predicting where a particle starting
at a specified point will end up
(advection)

N

=

P R,

u OSTR GSTR
[Comparing 2D vector field visualization methods: A user study. Laidlaw et al. IEEE
Trans. Visualization and Computer Graphics (TVCG) 11:1 (2005), 59-70.]

+ &6 F

[Topology tracking for the visualization
of time-dependent two-dimensional
flows. Tricoche, Wischgoll,
Scheuermann, and Hagen. Computers
& Graphics 26:2 (2002), 249-257.]
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Vector Field Map

Map of water currents and temperature.
Supports reasoning about currents in the Western North
Atlantic. The ocean current patterns are represented
using streaklets of different length and width. The
background color provides information about water
temperature.

Example: Find where the strongest currents are located.
[Query, find locations of the fat long streaklets].

Example: Find out where something that was dropped
in the water (for example, fish larvae) might end up
after a period of time. [Query, find where a particular
train of streaklets leads].

Example: Find the regions with the coldest water.
[Query, find locations of darkest blue color].

Design comment: In the regions where the current
velocity is slow (thin lines), the direction is unclear.




Vector Field Map

wind map

March 10, 2016

11:35 am EST

top speed: 46.2 mph
verage: 9.9

mph

E: ] 30 mph


http://hint.fm/wind/

‘G January 1

M

January

June-July 0 1000 2000 km

December ® Cornell Lab of Ornithology
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Assignment 4 Review



Assignment 4 - Visualise Burtin's Antibiotic Dataset

¥ Antibiotic Gram

4 Bacteria Penicillin Streptomycin Neomycin stain
3 v Aerobacter aerogenes 870 1 1.6 -
4 Brucella abortus 1 2 Dol -
J, . Bacillus anthracis 0.001 0.01 0.007 +
/"" i Diplococcus pneumoniae 0.005 11 10 +
Escherichia coli 100 04 0.1 -
// Klebsiella pneumoniae 850 1.2 1 -
AdwiilS (e Mycobacterium tuberculosis 800 5 2 -
AN “\? Proteus vulgaris 3 0.1 0.1 -
\N“ A Pseudomonas aeruginosa 850 2 0.4 -
oy Saimoneilla (Eberthella) typhosa 1 0.4 0.008 -
\ Salmonella schottmueileri 10 0.8 0.09 -
"o, Staphylococcus albus 0.007 0.1 0.001 +
s % Staphylococcus aureus 0.03 0.03 0.001 -
% Streptococcus fecalis 1 1 0.1 -
Streptococcus hemolyticus 0.001 14 0+
Streptococcus viridans 0.005 10 40 +

« 3 antibiotics, penicillin, neomycin and streptomycin on 16 bacteria

« minimum concentration of the drug required to prevent the growth of the bacteria in
vitro -- the minimum inhibitory concentration (MIC)

« their efficacy varied over six orders of magnitude

« scale varies from 1,000 micrograms per milliliter on the innermost ring to .001
micrograms per milliliter on the outermost

« the longer the bar, the greater the efficacy of the antibiotic.



Assignment 2 - Visualise Burtin's Antibiotic Dataset

« How do the drugs compare?

« How do the bacteria group together?
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produced?
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- The pattern of response to the
antibiotics of all three bacteria is
essentially identical—yet two of these

bacteria are Streptococcus and one is not.

- What is Diplococcus pneumoniae doing
there? And why does the third Strep
bacteria, Streptococcus fecalis appear to
be so different?

- One would think that bacteria within a
genus would be vulnerable to the same
compounds.

resistant
to PSN

PS

SN

none

B Penicillin (P) WM Streptomycin (S) M Neomycin (N)
minimum inhibitory
concemrauon
001 PSN
0.001
Mycobacterium Pseudomonas Aerobacter Klebsiella
tuberculosis aeruginosa aerogenes pneumoniae
1000
100
10
; 1 =
0.1 -
0.01 PSN PSN PSN PS PSN
0.001 N
Escherichia Salmonella Brucella Salmonella Streptococcus
coli schottmuelieri abortus (Eberthella) fecalis
typhosa

b I ISN Isn
. P

0.001 P
Streptococcus Streptococcus Diplococceus
viridans hemolyticus pneumoniae
1000 @ @ @
100
10
1
0.1 -m- Streptococcus
001 PSN Staphylococcus
0.001 Salmonella
Proteus Other
vuigaris @ Gram positive
1000
100
10
J1PSN PSN PSN
0.01 Ill I I I
0.001
Bacillus Staphylococcus Staphylococcus
anthracis aureus albus



- The clustering of bacterial types and
sensitivity to antibiotics becomes even
more evident with a simple scatterplot in
which we plot each bacteria’s MIC for

both neomycin and penicillin 001 - Streptococcus @ Shoe @
c .'78!770))/1.@{}5 anlhfaCIs
. = Streptococcus @ ®"
- But these more specific plots were only E 014 viidens : Staphylococeus albus @
S Diplococcus Staphvi o
generated after we knew what to look e pneumoniae SHOO0000R NS
. o
for—after the display shown above =«
, 5 Brucella abortus
allowed us to see what we hadn’t = /
red 5 genus name Streptococcus fecalis @ 7?7 @ @ Saimonelia
expecte = Streptococcus ) (Eberthella)
€ Staphylococcus Proteus vulgaris @ typhosa
E 10 S'c;/mcnef!a Salmonelia schottmuelieri @
é other
L
T 100 - @ Escherichia coli
s Klebsiella pneumoniae
a
1000 - SOCOINCRCAT uSIELcE ~ @ Pscudomonas aeruginosa
Aerobacter aerogenes
] 1 1 | 1 1 !
1000 100 10 1 1 01 001

Neomycin minimum inhibitory concentration
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