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What is Visualization?

o,

provide visual representations of

datasets intended to help people carry

out some task more effectively”



Comparison

Image Image Image Processing
Image 3D Model Computer Vision
3D Model Image Computer Graphics

Data Image Visualization
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NSF Panel 1987

McCormick, DeFanti, Brown:

“Visualization is a method of
computing. It transforms the
symbolic into the geometric,
enabling researchers to
observe their simulations and
computations. Visualization
offers a method for seeing
the unseen. ... It studies
those mechanisms in humans
and computers which allow
them in concert to perceive,
use and communicate visual
information.”




Vis timeline

Farly 1987 89/90

Beti ) NS
Tukey
Cleveland

First Visualization
Conference



Ware 2004

“Information
visualization ... is the use INEORMATION
of interactive visual VISUALIZATION

representations of
abstract data to amplify
cognition”

COLIN WARE




Vis timeline

Early 1987 89/90 1995

Beti .. NS
Tukey
Cleveland

Info\/ism e e

First Visualization
Conference



Vis timeline

Early 1987 89/90 1995 2006/07

BetiNS e
Tukey InfoVis Symp CG

Cleveland :
First Visualization InfoVis Conf

Conference




Vis timeline
2009/12

Early 1987 89/90 1995 2006/07 —

BetiNS e
Tukey InfoVis Symp CG

Cleveland :
First Visualization InfoVis Conf

Conference

2009 - CFP essentially the same,

distinction on data type
2012 - name SciVis / InfoVis



Vis timeline
2009/12

Early 1987 89/90 1995 2006/07 —

BetiNS e
Tukey InfoVis Symp CG

Cleveland :
First Visualization InfoVis Conf

Conference

2009 - CFP essentially the same,

distinction on data type
2012 - name SciVis / InfoVis



SciVis Papers
CALL FOR PARTICIPATION: SciVis Papers

IEEE VisWeek 2012 is the premier forum for visualization advances

for academia, government, and industry. This event brings together researchers
and practitioners with a shared interest in visualization techniques, tools, and
technology. The IEEE Scientific Visualization Conference solicits novel
research ideas and innovative applications in all areas of visualization. Please
carefully read the submission guidelines below, especially pertaining to submission

InfoVis Papers
CALL FOR PARTICIPATION: InfoVis Papers

IEEE VisWeek 2012 is the premier forum for visualization advances

for academia, government, and industry. This event brings together researchers
and practitioners with a shared interest in visualization techniques, tools, and
technology. The IEEE Information Visualization Conference solicits novel

rpen:n-rh idaae and innnuativa annlicratinne in all araaec AfF infAarmatrinn viciializvatinn

P



What is Visualization?

McCormick, DeFanti, Brown:

“Visualization is a method of
computing. It transforms the
symbolic into the geometric,
enabling researchers to
observe their simulations and
computations. Visualization
offers a method for seeing
the unseen. ... It studies
those mechanisms in humans
and computers which allow
them in concert to perceive,
use and communicate visual
information.”




What is Visualization?

Tamara Munzner 2011

“Computer-based visualization systems
provide visual representations of datasets
intended to help people carry out some
task more effectively”
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What is Visualization?

Tamara Munzner 2011

“Computer-based visualization systems
provide visual representations of datasets
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Three minimal criteria

Robert Kosara 2011:

®Based on (non-visual) data
®Produce an image
®The result must be readable and recognizable



Scientific Visualization

* Scientific visualization focuses on the use of
computer graphics to create visual images
which aid in understanding of complex, often
massive numerical representation of scientific
concepts or results.




Examples

Kevin Hulsey lllustration, INC.



Examples

o

BAREEN FEIALAL ARVRERAN




Information Visualization

* Information visualization is the communication
of abstract data through the use of interactive
visual interfaces. [Keim et al., 2006]

Napoleon's March to Moscow



Examples
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Visualization - Research

* Journal
— TVCG/IEEE CG&A/CGF
* Conference
— SciVis/ Infovis (TVCG)
— Eurovis (CGF)
— PacificVis

* Some encouraging books



Hansen & Johnson

2005

® Offer McCormick’s
definition

® Focuses on rendering
and analysis of 3D
volumetric data
(volume graphics)

EDITORS

W CHARLES D. HANSEN |
A4 CHRISTOPHER R. JOHNSON 4




Ward, Grinstein,
Keim, 2010

Visualization ... the
communication of
information using
graphical
representations.

CINTERACTIVE St

FOUNDATIONS, TECHNIQUES, AND APPLICATIONS

http://www.idvbook.com/




Chris Johnson, 2004: Top Scientific Visualization Research Problems

Visualization
challenges

® Scalability

® Quantify Effectiveness
vs. Feature detection

® Multifield / High-Dim
Visualization

® Integrated Problem
Solving Environments

® Theory of Visualization



Scalability

Daniel Keim, Dagstuhl 2009

® Big Data
® Independent of data modality

® Technical challenges (engineering,
modeling)

® Cognitive challenges



Quantify effectiveness
vs. Feature detection

® Fvaluation is difficult

® Qualitative and quantitative approaches

® Sophisticated analysis algorithms

® State-of-the-art in math, stats, and
engineering



Multi-field / High-dim

® Appears in all application domains

® Model building in both “hard” and “soft”
sciences

® Simulation is a driving force for
computational science



Multi-field / High-dim

® Sampling
® Rendering / Display

® [eatures

® Computing uncertainty

® Cognition
® Design

® Ethnography

® Conveying sensitivity



What about Visual Analytics?



What is Visual Analytics?

Visual analytics combines automated analysis
1 Visuatization techniques with interactive visualizations for an
effective understanding, reasoning and decision

making on the basis of very large and complex
dataset

User Interaction

1
User User
feedback feedback

}

w—p Automated -
=t Fi analysis

T Extract patterns




Challenges in Visual Analysis

¢ Visualization might not encode all pattern information

¢ Patterns might not be interactable

¢ User feedback might not be incorporated into the
automated analysis

User Interaction

1
4 User User
feedback feedback

~ Automated
analysis
xtract patterns)




History of Visual Analytics

ACM SIGGRAPH

IEEE Visualization

IEEE Information
Visualization

|IEEE Visual
Analytics




History of Visual Analytics

« 70s to 80s « 90s to 2000s
— CAD/CAM Manufacturing, cars, planes, and chips - Information visualization

— 3D, education, animation, medicine, etc. — Web and Virtual environments

« 80s to 90s .
— Scientific visualization — Visual Analytics
— Realism, entertainment — Visual/audio appliances

*Slide courtesy of NVAC



Why Visual Analytics?

The growth of data is
exceeding our ability to
analyze them.

". . . and what's more, my databank has more data
than you databank!"

1: Data courtesy of Dr. Joseph Kielman, DHS
2: Image courtesy of Dr. Maria Zemankova, NSF



Why Visual Analytics?

The data is often complex,
ambiguous, noisy. Analysis of
which requires human
understanding.

TwaQEASOrA He's NEVER
SEEN A CONSTELLATION 1S HE'S
(aWile) TERE REALLY ARE WITE LINES wwwm THE STARS."

1: Data courtesy of Dr. Joseph Kielman, DHS
2: Image courtesy of Dr. Maria Zemankova, NSF



Why Visual Analytics?

Graphics &
Visualization

. Computing

Interaction
&
Reasoning

“The sexy job in the next 10 years will be
statisticians,” said Hal Varian, chief economist at
Google. “And I’'m not kidding.”

Yet data is merely the raw material of knowledge.
“We’re rapidly entering a world where everything
can be monitored and measured,” said Erik
Brynjolfsson, an economist and director of the
Massachusetts Institute of Technology’s Center
for Digital Business. “But the big problem is going
to be the ability of humans to use, analyze and
make sense of the data.”

“The key is to let computers do what they are
good at, which is trawling these massive data sets
for something that is mathematically odd,” said
Daniel Gruhl, an I.B.M. researcher whose recent
work includes mining medical data to improve
treatment. “And that makes it easier for humans
to do what they are good at — explain those
anomalies.”?!

1. New York Times. “For Today’s Graduate, Just One Word: Statistics “, August 5, 2009.



What is Visual Analytics?

The goal of visualization is to:

YAV-8B Harrier

Instantaneous Strean

Ease understanding of the
data by providing an

effective visual

representation
Amplify Perception

Detect the Expected,

= ; ~_ S hawii/Van Dlven

Discover the Unexpected™



What is Visual Analytics?

* Visualization plus...
* data representation
* interaction & analysis
e dissemination & story telling
e ascientific approach
— (evaluation)




llluminating the Path

* The text book that we’ll be
using in this class is called
“Illuminating the Path: The
Research and Development
Agenda for Visual Analytics”

 Video:
http://nvac.pnl.gov/agenda.stm



http://nvac.pnl.gov/agenda.stm

The Analytical Reasoning Process

* The Sense-Making Loop:

Gather
Information

— Gather Information

Re-represent

— Re-represent

The
Sense-Making

Loop

— Develop Insight

Produce
Results

— Produce Results

Develop
Insight




The visual analytics process

Visual Data Exploration

O User interaction

Vsuahsatlon
Mapping
Transformatlon
Model
visualisation K led
T’ Data Model nowledge
buuldmg e ——r—
Data
mining

Models
Parameter
\/6 refinement

Automated Data Analysis

Feedback loop



Examples of Visual Analytics Systems
(Financial Fraud)

Wire Fraud Detection Skinke L )
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Examples of Visual Analytics Systems

(Analysis of Civil S

Global Terrorism

— Application of the
investigative 5 W’s

trife)

Who T

What

Evidence
Box

Original When

Data s




Examples of Visual Analytics Systems

(Transportation Analysis)

Bridge Maintenance
— With US DOT

— Exploring subjective
inspection reports

590379




Examples of Visual Analytics Systems
(Biomechanical Motion)

Biomechanical Motion

— Interactive motion
comparison methods




Other Examples of Visual Analytics
Systems
... (Pandemic / Healthcare)

— Unreliable data sources

— Spatiotemporal analysis T
TR
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Courtesy of R. Maciejewski, Purdue University



Other Examples of Visual Analytics
Systems
(Network Security)

* Network Security SON '

— Large amounts of
transactional data

Courtesy of A. Lu, UNC Charlotte



Other Examples of Visual Analytics
Systems
(Energy / Power Grid)

al®ix|

— Pacific Northwest
" Force-Diracted Layout National Laboratory

Geograpnic Layout

* Energy/ Power Grid

— Graph-based
visualization

— Identifies failure points
in the system

Courtesy of Pacific Northwest National Lab



Other Examples of Visual Analytics
Systems

* Multimedia Analysis
— Text analysis

— Image and video
analysis

Courtesy of J. Fan, UNC Charlotte



Other Examples of Visual Analytics
Systems

And Many Others!

Courtesy of J. Fan, UNC Charlotte



Research Challenges




Visual Analytics Research in the US

* Five regional centers

— Stanford University
— University of Washington & ) J0

RLOTTE

— Purdue University
— Pennsylvania State University
— University of North Carolina at Charlotte

i National Visualization and Analytics Center”



Some useful websites

* Visual complexity
nttp://www.visualcomplexity.com/vc/

* Information Aesthetics
nttp://infosthetics.com/

* |IBM many eyes
nttp://manyeyes.alphaworks.ibm.com/manye

yes/

e Swiver http://www.swivel.com/



http://www.visualcomplexity.com/vc/
http://infosthetics.com/
http://manyeyes.alphaworks.ibm.com/manyeyes/
http://manyeyes.alphaworks.ibm.com/manyeyes/
http://www.swivel.com/

