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Books

C.D. Hansen, C.R. Johnson (eds.), The Visualization
Handbook, Academic Press, 2004.

W.J. Schroeder, K. Martin, W. Lorensen, The
Visualization Toolkit - An Object-Oriented Approach
to 3D Graphics, Kitware Inc., 3rd. ed. 2003.

R. Spence, Information Visualization, ACM Press
/Addison Wesley, 2001.



Data Visualization

1. Basic Concept: Data Visualization
2. Visualization pipeline

3. Data representations

4. Volume(scalar) visualization:

-- surface extraction, direct volume
rendering

5. Vector field visualization
6. Information Visualization



Visualization

which can” t you leave in our daily life?
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Visualization

Visualization is a cognitive
process performed by
humans in forming a
mental image of a
domain space

Human Cognition



Visualization

Visualization Is a visual o ral
representation of a T gl R
domain space using AP R
graphics, images, ik TR PR
animated sequences, and i Y
sound augmentation to
present data, structure,
and dynamic behavior of
large, complex data set
that represent systems, |
events, processes, At Information Age
objects, and concepts

[Willams et al. 1995]
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Related fields

Computer Graphics

Data analysis

Data mining

Database

Human—-computer interaction (HCI)
nfographics




For Sciences

Effective communication
Provide scientific insights

Make scientific discoveries
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Examples: biomedical
visualization

Copyright 2001 Institute of Mathematics and Computer Science in Medicine,
University of Hamburg




Examples: genetics

Tree of life
with genome
size




Why we need visualization?

. production by acquisition and
simulation =>
needed

medical imaging (CT etc)

seismic/geological data (Petroleum
Exp., Earthquake inv.)

wind tunnel simulation (air dynamics,
airspace indu.)

meteorological data (weatherforecasting

)



Scientific Big Data




Information Explosion
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IDENTSEOR
OBAMA

Barack Obama for President in 2008
s Polinical Gr

4 July 2006, we xmg.n asking of u..dmn aross
the (mmxvy Wil you Join this group 16 help

On February 10, 2007, Senator Barack Obarma
declared, ) stand before you today to announce
my candidacy for Presicdent of the United States

Congratulations to Senator Obamal
Congratulations ta 3l of us!

Students for Barack Obana, a group formed as a
result of the dedication to Senator Obama
displayed by students on Facebook, Is now thrilled
10 embark upon the second part of cur mission
Oecting Senator Sarack Obama President of the
United States in 2008,

To learn more or to 9et involved, please e-ma
fo@studentsforbarac




“The ability to take data—to be able to
understand it, to process It, to extract
value from it, to visualize it, to
communicate it —that's going to be a
hugely important skill in the next
decades,... because now we really do
have essentially free and ubiquitous

data.”
- HalVarian, Google’'s Chief Economist

The McKinsey Quarterly, Jan 2009



Why we need
visualization?

Visualization can
Help thinking
Use perception instead of cognition

Work as external auxiliary of working
memory

Enhance cognitive abilities



“Visualization Is really about external
cognition, that Is, how resources outside
the mind can be used to boost the
cognitive capabilities of the mind.”

Stuart Card




Which kind of information
extracted?

message
minimum/maximum values, ...
message

certain features/pattern: oil in geological
data; tumor in medical imaging ...

ranging from to



These graphics are supposed to convey information
more clearly and more effectively than text.

Most are designed to inform, but some are
also supposed to be persuasive. For this
assignment, examine each of these graphics
and answer the questions in your memo.

Also Consider:

Is the graphic an effective way of communicating
iInformation?

What do you think is the main point made by each
graphs?

Do you have both an intellectual and an emotional
response to these graphics? If so, what are they?



Data => Graphics / Images

9.5012929e-01
2.3113851e-01
6.0684258e-01
4.8598247e-01
8.9129897e-01
7.6209683e-01
4.5646767e-01
1.8503643e-02
8.2140716e-01
4.4470336e-01
6.1543235e-01
7.9193704e-01
9.2181297e-01
1.7626614e-01
4.0570621e-01
9.3546970e-01
9.1690444e-01
4.1027021e-01
8.9364953e-01
5.7891305e-02
3.5286813e-01

4.9655245e-01
8.9976918e-01
8.2162916e-01
6.4491038e-01
8.1797434e-01
6.6022756e-01
3.4197062e-01
2.8972590e-01
3.4119357e-01
5.3407902e-01
7.2711322e-01
3.0929016e-01
8.3849604e-01
3.7041356e-01
7.0273991e-01
5.4657115e-01
4.4488020e-01
6.9456724e-01
6.2131013e-01
7.9482108e-01
9.5684345e-01

1.2104711e-01
4.5075394e-01
7.1588295e-01
8.9284161e-01
2.7310247e-01
2.5476930e-01
8.6560348e-01
2.3235037e-01
8.0487174e-01
9.0839754e-01
2.3189432e-01
2.3931256e-01
4.9754484e-02
6.4081541e-01
1.9088657e-01
8.4386950e-01
1.7390025e-01
1.7079281e-01
9.9429549e-01
4.3979086e-01
3.4004795e-01

2.9740568e-01
4.9162489e-02
6.9318045e-01
6.5010641e-01
9.8298778e-01
5.5267324e-01
4.0007352e-01
1.9878852e-01
6.2520102e-01
7.3336280e-01
3.7588548e-01
9.8764629e-03
4.1985781e-01
7.9387177e-01
9.1995721e-01
8.4472150e-01
3.6775288e-01
6.2080133e-01
7.3127726e-01
1.9389318e-01
9.0481233e-01




Scientific goal?

A visualization theory that helps guide
the development of automatic
visualization systems: transforming data
to pictures.



Explain Gene Reqgulatory Network

Andrea Califano etal., Reverse

Engineering of Regulatory Networks in
Human B Cells,

Nature Genetics 37,382 -390 (2005)

[http:/Mmww.nature.com/ng/journal/v37/nd/a
bs/ng1532.html]



http://www.nature.com/ng/journal/v37/n4/index.html

Explain World’s Sharpest Object
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Explain Photo 51

Courtesy of Jay Ingram and the Canadian




Explain Hospital vs. Battlefield Mortality

F. Nightingale (1858), “Notes on Bl Nnon-Battic
Matters Affecting the Health, Efficiency, i Eres
and Hospital Administration of the
British Army.”

A theory is
Explanatory
Predictive
Extensible
Evaluable
Refutable Februsry

Jan 1888



Visualization Theory Components

A theory of visualization must provide at least the
following:

An ability to specify constraints on the intended
Inferences in the visual domain

A framework to evaluate the quality of a visualization with
respectto its intended inferential goals



Visualization Theory Components

A theory of visualization must provide at least the
following:

An ability to specify constraints on the intended
Inferences in the visual domain

A framework to evaluate the quality of a visualization with
respectto its intended inferential goals



From Data to Picture

navigation visualizations (picture)

navigation compression models (abstraction vocabulary two)

session boundaries, content pages (abstraction
vocabulary one)

Web logs (source data)



From Data to Picture

e discipline vocabularies

Abstraction (Abstraction Vocabulary N)
. . . Abstraction (Abstraction Vocabulary 1)

Source Data



Humans with Machines



A spectrum of inference

AN
deductive { Correct

Plausible/consistent/ambig
uous

Interesting
Speculative
inductive

Wild-ass guess

Implausible

Wrong



Pictures, symbols, & abstraction

data domain

picture domain

S—
&
<
==

Lossytransformation

Lossless transformation

One to many transformation

Many to one transformation



Pictures, symbols, & abstraction

datadomain  picturedomain




Pictures, symbols, & abstraction

datadomain  picturedomain




Pictures, symbols, & abstraction

datadomain  picturedomain

Secondary Structure (alpha Helix, Beta
strand, random Caoil)
CBBBBCCHHH HHHHHHHCCC
CBBBBBBBCC CCHHHHHHHH HHHHHHHHCC
CBBBBBBBCC CCHHHHHHCC
CCCCCBBBBB BCCBBBBBBB CCCHHHHHHH
HHHCC

Primary Structure (sequence of amino
acids)
MVKQIESKTA FQEALDAAGD
KLVVVDFSAT WCGPCKMIKP FFHSLSEKYS
NVIFLEVDVD DCQDVASECE
VKCMPTFQFF KKGQKVGEFS GANKEKLEAT
INELV




A spectrum of inference

AN
deductive { Correct

Plausible/consisten
uous

Interesting
Speculative
inductive

Wild-ass guess

Implausible

Wrong



A spectrum of inference

AN
deductive { Correct

Plausible/consistent/a
uous

Interesting
Speculative
inductive

Wild-ass guess

Implausible

Wrong



Understanding comics

7 x‘n n ‘“9«‘ e l'l'

1 tij i ,,..,\,; L

Y

@ Exploiting the visual
vocabulary of a
graphics
design/sequential art
genre

http://en.wikipedia.org/wiki/Understanding_Comics

,scu"qn McCLUlﬂD@

“A REMARKABLE NEW BAEDEKER OF THE TOONS.”
—GARRY TRUDEAU, NEW YORK TIMES BOOK REVIEW



Visual Story Telling




Visual Story Telling

YOU'LL NEVER 75 WORLD THE SAME ACAIN.

~ul Ml

Why does a triangie make us feel stable while diagonal lines give a sense of tension?

s

How can shapes, color. and composition make us fee/ the way things 1eok?



Napoleon's chart with map
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Jl’ ,

Wei Shi, Yuzuru Tanaka, Meme Laboratory, Hokkaido University, September,
2010



From Data to Picture

Minard’s map

Source relational data

4812 64464  34°NE

SENB1Z 63,262 30° NE




Napolean's Moscow
campaign
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Semantic Symmetry by Example
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Semantic Symmetry by Example
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Semantic Symmetry by Example
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Semantic Symmetry by Example
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Semantic Symmetry by Example

ol Lasgnss &0 et el

e 1 S - How does change

; | - » propagate?

- Are changes monotonic
or non-monotonic?

- Can change be used to
both validate a model,
and to suggest
experiments?

JSNSL 64,464  34° NE 626

2

SR8l 63,262 30° NE 60.2

2




Bilateral propagation
structure

4511812 64,464 34° NE

osNE12 63,262 30° NE

451812 64464 34°NE

Se1B12 63,262 30° NE




Veracity of visual inferences

Careless Aesthetic
design of visual | license with
Deduction Induction vocabulary, or | no explicit
of rendering, or | intention of
both veracity

Individual

Confirmable Abduction, : : Disconnect creatmty N
: . Syntactically driven connection
semantic belief

) : between syntax
. induction . between
symmetry revision and semantics

syntax and

semantics




Escher’'s Waterfall

Maurits Cornelis Escher

Died

Nationality
Field
Works

Influenced
by
Awards

A 1929 self-portrait

17 June 1898
Leeuwarden, The Netherlands

27 March 1972 (aged 73)
Laren, The Netherlands

Dutch
Drawing, Printmaking

Relativity, Waterfall, Hand with
Reflecting Sphere

Giovanni Battista Piranesi

Knighthood of the Order of
Orange-Nassau

A theory is
Explanatory
Predictive
Extensible
Evaluable
Refutable



One explanation of Escher’'s Waterfall




Sugihara’s “impossible” objects

http://home.mims.meiji.ac.jp/~sugihara/hobby/MagnetL ike Slopes.wmv



Abductive Reasoning

Facts

Constraints
on hypotheses

4/511812 64,464

5/5/1812 63,262

4511812 64,464

551812 B3 DED

/
Preference
Criteria

wENE12 64,464 34° NE 62.6 52.1

BRI (nductive theory,

S bservation1

Observation,




Abductive Reasoning

Constraints
on hypotheses

Observation,

HEE12 64,464 34° NE

91812 63,262 30° NE

|= : Observation,
481812 B4 464 34° NE 62.6 -

ssneiz g3,262 30° NE 60.2

Facts

Preference
Criteria

]
Observation,




Summary & Conclusions

Components of a visualization theory exist, but are not
yet connected:
Mappings from sub-visual to visual, but not much the other way
around
Typically only implicit constraints on semantics inferential intent
Only recently increasing emphasis on evaluation of alternative
visualization methods with same inferential intent
Semanticsymmetry: one possible framework for both
use and evaluation of visualization constraint
manipulation.
Semantic symmetry operations require semantic conceptions of
components of visualization data chain..

Formalizations of visual operations are required, to define
propagation of changes through the visualization data lattice



Visualization Pipeline

raw data

f(x,y)—»R3 _input output
0.2-5..) visualization application

] l observe
mteract
| measuring <™

L= device or end user }
~ = | simulati &
~ = simulation msnght into the original phenomenon .—\ ._glﬂ

Conceptual View of Visualization Process



Visualization Process

Acquisition: data of interest Iinto a
discrete dataset;

Mapping: dataset Into graphics
primitives;

Rendering: generation of requested
Images.



Visualization Process

data
generation: raw

measurement,| data :
simulation preprocessing

preprocessed
data

visualization

mapping

graphics

primitives

images

- graphics
(pixels)




Visualization process:
i o To i

computational
Simulation steering

raw data

selection,
Preprocessing scaling

processed data

: visual
Conversion / obiects
Mapping

graphical primitives

viewing
parameters

image




Classification

Scientific visualization (scivis)
Information visualization (infovis)

Visual Analytics: a new subject



Scientific Visualization
( . Visualization in Scientific Computing)

Numerical data from
(data

acquisition devices), or

from

* scientific / engineering /

biomedical

* numerical, physical

* clear reference frame

* goal: insight!




Scalar Visualization

Height plot and Isolines



Vector Visualization

Stream Tubes



Flow Visualization

N 3

“ e f’"n,’".t‘
& ) o ??::\"‘
N ¢ T A AN AT Y


感知海洋.avi

Domain Modeling

cattered Point Cloud and Surface Reconstruction



Volume(scalar) Visualization

surface extraction direct volume rendering



Volume data in different applications

Medical data === >
(human head, blood-vessels, ...)

seismic data ==>




Visible human




Information Visualization

® data and information

from large data bases,
networks, etc:

* many sources

* numerical, text,

» images, multimedia, ...
» discrete, heterogeneous




Information Visualization

FFserver

Cone-tree Layout of File Hierarchy (P. 403)



raphs and charts

Examples: 2D g

Population distribution in three are

Magnitude




geographic data
visualization

facebook



Text visualization
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Hierarchical data
visualization: Treemap

19 CAlA 56% A
216 GOl'd Ferrous
waste and
scrap
1%
i
P
. 3%
59%Jewelry  [49% ot
of precious ~  |Diamonds =
metal =) [
BEEI
ST
=S R brochures,
o Elect % leaflets o
orat < Tt
and s B I
| = = 1 00 Cement
g0 I ll,, I Vores ‘
| 3% lnsuiated - = hm = ”l' ; ;
- HER ﬁ




Treemap

Interaction Techniques
for Zoomable Treemaps

UIST 2006 Demonstration

Renaud Blanch  Eric Lecolinet ensT (GET)
http:.//www.infres.enst.fr/~elc/




Visual Analyt
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TrustVis.avi

Well known Journal & conf. on
Visualization

(annual conf.,USA, 22stin 2011)
(annual conf. with IEEE Vis, 17t in 2011)
(IEEE VR)

(Annual conf. 49 in 2011
)

on Visualization and
Computer Graphics ( )

Computer Graphics & Applications (
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