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computer-generated, 

interactive, visual representations 

amplify cognition

-Card, Mackinlay, Shneiderman, 1999

takes the 

viewer to the often 

unobservable from 

molecules and viruses to the 

universe, from depiction of the 

internal anatomy of 

arthropods and plants to 

geologic cross sections and 

reconstruction of extinct life 

forms, from realistic to 

abstract portrayal.

- The Guild Handbook of Scientific

Illustration, 2003
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WHY Visualization?



USE SPECIFIC DATA

BE GENERATED

ON-DEMAND

BE EXPLORED

INTERACTIVELY

SHOW CHANGES

OVER TIME

COMBINE SEVERAL

DATA SOURCES



USE SPECIFIC DATA

BE GENERATED

ON-DEMAND

BE EXPLORED

INTERACTIVELY

SHOW CHANGES

OVER TIME

COMBINE SEVERAL

DATA SOURCES

U
.S

. 
D

e
p

t
. 
o

f
 A

g
r
ic

u
lt

u
r
e



USE SPECIFIC DATA

BE GENERATED

ON-DEMAND

BE EXPLORED

INTERACTIVELY

SHOW CHANGES

OVER TIME

COMBINE SEVERAL

DATA SOURCES
Klein et al. 2012



USE SPECIFIC DATA

BE GENERATED

ON-DEMAND

BE EXPLORED

INTERACTIVELY

SHOW CHANGES

OVER TIME

COMBINE SEVERAL

DATA SOURCES

C
o

f
f
e
y
 e

t
 a

l.
 2

0
11

/
2
0

12

S
u

lt
a
n

u
m

e
t
 a

l.
 2

0
10

/
2
0

11

U
n

iv
. 
G

r
o

n
in

g
e
n

D
a
n

ie
l 
F
. 
K

e
e
f
e



USE SPECIFIC DATA

BE GENERATED

ON-DEMAND

BE EXPLORED

INTERACTIVELY

SHOW CHANGES

OVER TIME

COMBINE SEVERAL

DATA SOURCES

user vmtk on YouTube



USE SPECIFIC DATA

BE GENERATED

ON-DEMAND

BE EXPLORED

INTERACTIVELY

SHOW CHANGES

OVER TIME

BE CREATED BY

NON-EXPERTS



USE SPECIFIC DATA

BE GENERATED

ON-DEMAND

BE EXPLORED

INTERACTIVELY

SHOW CHANGES

OVER TIME

BE CREATED BY

NON-EXPERTS

Illustrative 
VISUALIZATION

PIQUE INTEREST

REVEAL HIDDEN 

FEATURES

SHOW THE 

IMPOSSIBLE

TELL A STORY

SYNTHESIZE



Elements OF ILLUSTRATIVE 
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Non-Photorealistic 
Rendering



SPARSE LINE DRAWINGS



SPARSE LINE DRAWINGS

Elber, 1995

DeCarlo et al., 2003

DeCarlo and   

Rusinkiewicz, 2007



HATCHING & STIPPLING



HATCHING

Hertzmann and Zorin, 2000



HATCHING

Zander et al., 2004



HATCHING

Gerl and Isenberg, 2013



STIPPLING

Secord, 2002



STIPPLING

Hiller et al., 2003



STIPPLING

Kopf et al., 2006



STIPPLING

Kim et al., 2009 Martín et al., 2011



ILLUMINATION MODELS

Gooch et al., 1998
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VISUAL ABSTRACTION



LOW-LEVEL VS. HIGH-LEVEL ABSTRACTION
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EXAMPLE: MOLECULAR VISUALIZATION

Tarini et al., 2006



EXAMPLE: MOLECULAR VISUALIZATION

Tarini et al., 2006



EXAMPLE: MOLECULAR VISUALIZATION

Cipriano et al., 2007



EXAMPLE: MOLECULAR VISUALIZATION

v. d. Zwan et al., 2011
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EXAMPLE: MOLECULAR VISUALIZATION

v. d. Zwan et al., 2011



ABSTRACTION SPACES

v. d. Zwan et al., 2011
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PHOTOMETRIC VS. GEOMETRIC ABSTRACTION

Eichelbaum et al., 2013



PHOTOMETRIC VS. GEOMETRIC ABSTRACTION

Everts et al., 2009 Everts et al., 2015



PHOTOMETRIC VS. GEOMETRIC ABSTRACTION

Everts et al., 2009 Everts et al., 2015
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Parulek et al., 2013

solvent-excluded

surface

Gaussian kernels

van der Waals spheres



CONTROL OF THE ABSTRACTION

Parulek et al., 2013



CONTROL OF THE ABSTRACTION

Le Muzic et al., 2014



CONTROL OF THE ABSTRACTION

Lueks et al., 2011





CONTROL OF THE ABSTRACTION

Agrawala and Stolte, 2001



Expressive Techniques



SMART VISIBILITY

Viola and Gröller, 2005



CUT-AWAY ILLUSTRATION

Li et al., 2007



EXPLOSION DIAGRAMS

Li et al., 2008



EXPLOSION DIAGRAMS

Bruckner and Gröller, 2007



ASSEMBLY GUIDES & MECHANICAL PROCESSES

Agrawala et al., 2003 Mitra et al., 2010



HIERARCHICAL ORGANIZATION

Balabanian et al., 2010



Layers of
Information

North and

Shneiderman, 1997



Svetachov et al., 2010



IVAR BACKPACKS



IVAR BACKPACKS



courtesy of Timo Weinkauf
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Bruckner and Gröller, 2007



StylizationMinard, 1869



Dragicevic

et al., 2013



Dragicevic

et al., 2013



IlluVis VS. VISUALIZATION & ILLUSTRATION

Lawrence Livermore National Laboratory

courtesy of Bill Andrews

Bruckner and Gröller, 2007



FUTURE CHALLENGES: ABSTRACTION

Goodsell, 2005 Tonna et al., 2010



FUTURE CHALLENGES: TOOLS

http://maps.stamen.com/



FUTURE CHALLENGES: TOOLS

CellView, TU Wien
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Sources

• lecture by Lora Oehlberg

• many scientific papers

• other sources that are named


