Interactive NPAR:
What type of tools should we create?

Tobias Isenberg



In NPAR, we've come a long way ...

[Saito and Takahashi, 1990]

[Haeberli, 1990]

[Dooley and Cohen, 1990]
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In NPAR, we've come a long way ...

[Semmo & DélIner, 2014]

[Zhao & Zhu, 2010]
[Bousseau et al., 2007]

[Bénard et al., 2013] [Cole et al., 2009]
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Largely a focus on rendering/animation

[nVidia]
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What about the interaction with the tools?

[Nijboer et al., 2010]
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Salesin’s 7 Grand Challenges [2002]

Non-Photorealistic
Animation & Rendering:

7 Grand Challenges

David Salesin
June 2002
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Salesin’s 7 Grand Challenges [2002]

Challenge 4:

Interactivity
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Salesin’s 7 Grand Challenges [2002]

“All you need is a strong Art Director and
willing TDs. . ..”

— Tom Porter, PIXAR
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Salesin’s 7 Grand Challenges [2002]

Challenge:

How do you build tools for “right-
brained” thinking?

Or:
How do you lose the TDs?
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Salesin’s 7 Grand Challenges [2002]

Common elements for a good system:

* Should let artists and computers each do
what they are good at

* Needs to be simple yet flexible

* Should support full design cycle:
Create / Evaluate / Rework
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Gooch et al. [2010] revisit Salesin’s challenges

» interaction not only for
people trained in the arts

 Heinlein's model of field
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* interaction still difficult,
need to focus on
interaction with our
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[Gooch et al., 2010]
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Lum & Ma [2002]: Expressive Visualization

* scientists are not expert
llustrators

» illustrative visualization
provides tools, but
“interactivity is the key”

interactivity as high fps

applies at interaction
design as well

VISFILES

CO®

Interactivity is the Key to Expressive Visualization

1 have long believed in the importance of
interactivity for effective visualization
Kwan-Liy Ma and his colleagues have
been doing very interesting work devel-

techniques, 50 | asked them to contribute
this VisFilas columin about their work.

— Bil Hibbard

Eric B.Lum and Kwan-Liu Ma
University of California, Davis

Scientific visualization is widely used for
gaining insight into phenomena through data
exploration and creating imagery that can be
used to illustrate these phenomena to
others, Inceractive rendering has long been
valued in visualization as a means of facili-
tating more effective exploration. More
recently, non-photorealistic rendering (NPR)
has been applied to scientfic visualization,
which consists of using artistically inspired
techniques for the creation of more expres.
sive visualizations [3,4,5].

In many cases, NPR has been shown to be
more effective than photorealistic rendering
in communicating subcle information about
physical structures or phenomena. How the
user chooses to portray a data set can have
a significant effect on how accurately and
efficiently a visualization communicates the
information the user seeks to roveal. It is our
belief that whan NPR is made interactive,
particularly with respect to the control of
how NPR is applied, the user is able to more
quickly derive expressive visualizations

Interactivity is often associated with
spatial exploration, where parameters such
as position, zoom and light direction are
varied over time. The resulting animations,
conerolled by the user, allow further insight
%0 be gained in the subject being viewed. In
visualization, interactive rendering includes
giving the user the ability to change other
rendering parameters relaed to the data
itself, One example is the transfer function in
volume rendering, which can be adjusted to

Figure 1 Too nan-photoreatsix rokame revdenings of o meuse dca set weh dfferent secs of rendenng

change voxel classification to emphasize
different aspects of a data set.

NPR techniques typically have a set of
rendering parameters associated with them
which dictates the style of the resulting
images. The required tuning of these parame-
ters does not make these algorichms less
desirable, but rather gives the user the ability
to create the types of images they seck. In
sclentific visualization, there is no single set

‘correct” rendering parameters as seen in
the two images shown in Figure 1. Rendering

. for ther oppicaten

parameters can be selected that add
emphasis and clarity to the aspects of the
visualization the user is interested in.

In visualization, the user is seldom an
ardst, but is often a scientist who would fike
10 generate images that llustrate a particular
structure or phenomenon they are studying.
Thus, the user cannot be expected to know
which NPR techniques are appropriate, and
might not even have a clear vision of what
the resulting visualization should look like.
Much like transfer function specification, the

Avgust 2002] 8

[Lum & Ma, 2002]
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Goals & Application Domains of NPAR

artists

N

(& illustrators) \ /

non-artists
(“everyone”)

NPAR tools for

scientists
(data visualization)

doctors
(patient data)
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Goals & Application Domains of NPAR

artists

(& illustrators) \ /

non-artists
(“everyone”)

NPAR tools for

~

scientists
(data visualization)

doctors
(patient data)
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Goals & Application Domains of NPAR

artists

(& illustrators) \

NPAR tools for
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=
.

' ![ TicTacToon
sse— L - Ll [Fekete et al., 1995]
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NPAR for Artists: In-Betweening

source target our approach [Papenberg et al. 2007] [Glocker et al. 2008]

e §- 83

[Sykora et al., 2009a]
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NPAR for Artists: In-Betweening

[Whited et al., 2010]
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NPAR for Artists: Interactive Cartoon Colorization

[Sykora et al., 2009b]

Isenberg - Interactive NPAR: What type of tools should we create? Expressive 2016, May 8, 2016



NPAR for Art.: (Photo-)Realistic ... Media Simulation

[Bousseau et al., 2006]

DAB [Baxter et al., 2001] IMPaSTo [Baxter et al., 2004]
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NPAR for Artists: Interactive Environments

[Disney’s Deep Canvas]
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NPAR for Artists: Control Needed at Multiple Levels

NPAR: low-level, tedious tasks; artist: higher-level decisions
Salesin: “let artists and computers each do what they are good at”

IMPaSTo [Baxter et al., 2004] IntuPaint [Vandoren et al., 2008]
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Low-level vs. High-level Tasks and Control

workload/control over result influence of input

[Semmo et al., 2015/16]

[Sykora et al., 2009b]

[Curtis et al., 1997]

HE E E
[http://two-n.com/pi/]

Isenberg - Interactive NPAR: What type of tools should we create? Expressive 2016, May 8, 2016



Low-level vs. High-level Tasks and Control

workload/control over result
high-level control

influence of input

[Semmo et al., 2015/16]

[Sykora et al., 2009b]

[Curtis et al., 1997]

low-level control

HE E E
[http://two-n.com/pi/]

Isenberg - Interactive NPAR: What type of tools should we create? Expressive 2016, May 8, 2016



Goals & Application Domains of NPAR

non-artists

/ (“everyone”)

NPAR tools for
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NPAR Tools for Non-Artists: Higher-Level Control

Signed FLoG /| Flow Field \ Brush Texture Varnish Texture /|

[Semmo et al., 2015/16]
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NPAR Tools for Non-Artists: Filters (w/ Interaction)

[Salisbury et al., 1997]
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NPAR Tools for Non-Artists: Filters (w/ Interaction

[Deussen et al., 2000]
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NPAR Tools for Non-Artists: Filters (w/ Interaction)

[Schwarz et al., 2007]
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NPAR Tools for Non-Artists: Filters for Video

A "'.- f f .‘( A, ST . J {
A\ AN u’ A "."/A‘ 'A‘/'A' '“1'1’ Aha 4 Ak, L; dhadad 1 1] Ll Ay

[Wang et al., 2004]
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NPAR Tools for Non-Artists: Filters for Video

Ve QUANTIZED
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[Winnemoller et al., 2006]
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NPAR Tools f. Non-Artists: Simple Drawing/Painting

Harold [Cohen et al., 2000]
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NPAR Tools f. Non-Artists: Simple Drawing/Painting

SnakeToonz [Agarwala, 2002]
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NPAR Tools f. Non-Artists: Simple Drawing/Painting

ol { = Ny e ... . [Ritter et al., 2006]
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NPAR Tools for Non-Artists: Mobile Apps

PencilFX

~

] 6
[PaintCan by Winnemdller et al.] [PencilFX by Gooch et al.] SnapDot based on [Secord 2002]
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Goals & Application Domains of NPAR

NPAR tools for

~

scientists
(data visualization)
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Expressive/lllustrative Visualization

VISFILES

Interactivity is the Key to Expressive Visualization

1 have long believed in the importance of
inceraceivity for effective visualization
Kwan-Liis Ma and his colleagues have

work devel-

Eric B.Lum and Kwan-Liu Ma
University of California, Davis

Scientific visualization is widely used for
gaining insight into phenomena through data
exploration and creating Imagery that can be
used to illustrace these to

others. Inceractive rendering has fong been
valued in visualization as a means of facili-
tating more effective exploration. More
recently, non-photorealistic rendering (NPR)
has been applied to scientific visualization,
which consists of using artistically inspired
tochniques for the creation of more expres.
sive visualizations [3.4,5].

In many cases. NPR has been shown to be
more effective than phororealistic
in communicating subele information about
physical structures or phenomena. How the
user chooses to portray a data set can have
a significant effect on how accurately and
efficiently a visualization communicates he
information the user seeks o roveal. It is our
belief that whan NPR is made interactive,
particularly with respect to the control of
how NPR is applied, the user is able to more.
quickly derive expressive viswalizations.

Interactivity is often associated with
spatial exploration, where parameters such
as position, zoom and light direction are
varied over time. The resulting animations.
controlled by the user, allow further insight
%0 be gained in the subject being viewed. In
visualization, interactive rendering includes
giving the user the ability to change other
rendering parameters related to the data
itself. One example is the transfer function in
volume rendering, which can be adjusted to

change voxel classification to emphasize
different aspecs of a data set.
NPR techniques typically have a set of
ing parameters associated with them
which dictates the style of the resulting
images. The required tuning of these parame-
ters does not make these algorichms less
desirable, but rather gives the user the ability
to create the types of images they seek. In
sclentfic visualization, there is no single set
of “correct” rendering parameters as seen in
the two images shown in Figure 1. Rendering

parameters can be selocted that add
emphasis and clarity to the aspects of the
visualization the user is interested in.

In visualization, the user is seldom an
ardst, but is often a scientist who would fike
10 generate images that llustrate a particular
structure or phenomenon they are studying.
Thus. the user cannot be expected to know
which NPR techniques are appropriate, and
might not even have a clear vision of what
the resulting visualization should look fike.
Much like transfer function specification, the

H
Augen 2002] §

[Lum & Ma, 2002]
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NPAR Tools for Scientists (& Science lllustrators)

[Bruckner & Groller, 2007a] [Bruckner & Gréller, 2007b]
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NPAR Tools for Scientists (& Science Illustrators)
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[Gerl & Isenberg, 2012]

[Gerl & Isenberg, 2013]
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NPAR Tools for Scientists (& Science Illustrators)

Epidermis

Crossover tube
Piston (4

L. caliper

Caliper st

Brakepad (2}

sternocleidomastoid

Rotor L. splenius capitis

Tire:
L. thyrohyoid
Trapezius
Thyroid gland L. levator scapulae

Seventh cervical vertebra

L. scalenus anterior

[Li et al., 2007]
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NPAR Tools for Scientists (& Science lllustrators)

[van der Zwan et al., 2011]

[Cipriano & Gleicher, 2007]
[Parulek et al., 2013/14]

Isenberg - Interactive NPAR: What type of tools should we create? Expressive 2016, May 8, 2016



NPAR Tools for Scientists (& Science lllustrators)

[Everts et al., 2009]

[Svetachov et al., 2010]
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Goals & Application Domains of NPAR

NPAR tools for

N

doctors
(patient data)
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NPAR Tools for Doctors (and Patients)
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NPAR Tools for Doctors (and Patients)

[Bruckner & Groller, 2007b]

[Gerl & Isenberg, 2012]

[Svetachov et al., 2010]
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Low-level vs. High-level Tasks and Control

influence of input

high-level control

[Curtis et al., 1997]

low-level control

m/pi/]

[http://two-n.co
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An Interaction Spectrum

RealBrush [Lu et al., 2013]

e § s
Y )
A : )

[P 7Y 5 §
e\

Sisley the abstract Painter

[Zhao & Zhu, 2010]
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An Interaction Spectrum

artists
(& illustrators)

RealBrush [Lu et al., 2013]

e § s
Y )
A : )

[P 7Y 5 §
e\

Sisley the abstract Painter
[Zhao & Zhu, 2010]
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An Interaction Spectrum

artists

(& illustrators)

RealBrush [Lu et al., 2013]

esy |?
YA )

)
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e\

Sisley the abstract Paint

[Zhao & Zhu, 2010]

Isenberg - Interactive NPAR: What type of tools should we create?

Expressive 2016, May 8, 2016



An Interaction Spectrum

artists non-artists
(& illustrators) (“everyone”)

RealBrush [Lu et al., 2013]

Sisley the abstract Painter
[Zhao & Zhu, 2010]

e (72017~ |2
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An Interaction Spectrum

artists

(& illustrators)

non-artists
(“everyone”)

scientists

(data visualization)

RealBrush [Lu et al., 2013]

e (7] |2

Y

)

[P 7Y 5 §
e\

Sisley the abstract Painter

[Zhao & Zhu, 2010]
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An Interaction Spectrum

artists

non-artists
(“everyone”)

= (& illustrators)

=) scientists

2 (data visualization)

&

i? 20 12| 2] |2
L

bl )

[P 7Y 5 §
e\

Sisley the abstract Painter

[Zhao & Zhu, 2010]
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Mapping the Interaction Spectrum

Isenberg - Interactive NPAR: What type of tools should we create? Expressive 2016, May 8, 2016



Mapping the Interaction Spectrum

artists?

artists in training?

u E non-artists?
*&"'& scientists?
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Challenges of Providing Appropriate Control

+ How to cope with system complexity?

Nl P Moy vt Mt [ ducational] - HQllu Demansiration
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WYSIWYG-NPR [Kalnins et alu., 2003] [Zander et al., 2004]

A. Finkelstein: “The user interface provides a myriad
of controls for paper and brush qualities .."
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Challenges of Providing Appropriate Control

+ How to cope with system complexity?

Paint by Relaxation [Hertzmann, 2001]

Isenberg - Interactive NPAR: What type of tools should we create? Expressive 2016, May 8, 2016



Challenges of Providing Appropriate Control

+ How to cope with system complexity?

¥ Rotate Settings

--------

[Montesdeoca et al., 2016]
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Challenges of Providing Appropriate Control

How to cope with system complexity?
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Challenges of Providing Appropriate Control

How to cope with system complexity?

@blender
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Challenges of Providing Appropriate Control

+ How to cope with system complexity?

¥ Rotate Settings

--------

[Montesdeoca et al., 2016]
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Challenges of Providing Appropriate Control

-+ example-based operators vs. media simulations:

adjustable level of control

. p)
2:2;;:}%’3:%4;:;' 2 :
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1 o

[Hurtut et al., 2008] .‘;z’raa' r.‘;f;-@.f o! °%}

WYSIWYG-NPR [Kalnins et al., 2003]

[Martin et al., 2010/11]

[Luk&g et al., 2013]

[Lu & Ebert, 2005]

[Bénard et al., 2013]
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Challenges of Providing Appropriate Control

-+ example-based operators vs. media simulations:
adjustable level of control
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Challenges of Providing Appropriate Control

How to evolve the interactivity with growing skill?

Yo ]
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Challenges of Providing Appropriate Control

- learn from HCI (support of creative work); e.g., [Resnick et al., 2005 ]
— Support Exploration
— Low Threshold, High Ceiling, and Wide Walls
— Support Many Paths and Many Styles
— Support Collaboration
— Support Open Interchange
- Make It As Simple As Possible - and Maybe Even Simpler
- Choose Black Boxes Carefully
- Invent Things That You Would Want To Use Yourself
— Balance user suggestions, with observation and participatory processes
- Iterate, Iterate - Then Iterate Again
- Design for Designers
- Evaluation of Tools
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What Kind of Tools to Create? — Three Theses

1. better involve target audiences of the tools
— [Bleser et al., 1988; Meier, 1999; Seims 1999]
— “user-centric NPR” [Winnemdller, 2013]
- evaluation
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What Kind of Tools to Create? — Three Theses

1. better involve target audiences of the tools
— [Bleser et al., 1988; Meier, 1999; Seims 1999]
— “user-centric NPR” [Winnemdller, 2013]
- evaluation

2. cover larger ranges of the interaction spectrum
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What Kind of Tools to Create? — Three Theses

[Martin et al., 2010/11]
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Three Theses

? -

What Kind of Tools to Create

[Martin et al., 2010/11]

Expressive 2016, May 8, 2016
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What Kind of Tools to Create? — Three Theses

[Martin et al., 2010/11]
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What Kind of Tools to Create? — Three Theses

1. better involve target audiences of the tools
— [Bleser et al., 1988; Meier, 1999; Seims 1999]
— “user-centric NPR” [Winnemoller, 2013]

- evaluation Fi
2. cover larger ranges of the interaction spectrum B n e L

Isenberg - Interactive NPAR: What type of tools should we create? Expressive 2016, May 8, 2016



What Kind of Tools to Create? — Three Theses

1. better involve target audiences of the tools

— [Bleser et al., 1988; Meier, 1999; Seims 1999]

— “user-centric NPR” [Winnemoller, 2013]

- evaluation i
2. cover larger ranges of the interaction spectrum S0 1
3. NPAR success stories

.m ) LG
5 LY ’
[PaintCan] [Luft et al., 2008] [Universal Pictures/Winnemoller, 2013] [Harvill, 2007] [Mitchell et al., 2007]
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Interactive NPAR:
What type of tools should we create?”

Tobias Isenberg

* The selection of examples is biased and many more
excellent examples exist for the mentioned approaches.



