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Abstract

Current scientific visualization techniques create complex images that may be difficult to interpret and do not have
the expressiveness of illustrations. Incorporating traditional scientific illustration techniques into a visualization
system enables artists and non-artists to harnesses the power of traditional illustration techniques when visually
representing scientific data. In this paper we present an illustrative scientific visualization framework incorpo-
rating general illustration principles, as well as techniques and aesthetics of various styles. Such a framework
provides a basic foundation for categorizing and communicating research and may stimulate future illustrative
visualization systems.

Categories and Subject Descriptgascording to ACM CCS) |.3.6 [Computer Graphics]: Methodology and Tech-
niques

1. Introduction tific visualization. Figures 3-7 show some of the published

results generated using NPR systems for scientific applica-
tion domains of medicine, archaeology, zoology, botany and
cartography.

Over the centuries, scientific illustrators have developed
techniques to convey important and complex information of
various disciplines (i.e. medicine, botany, zoology) in a very
compact and effective illustration [HodO3] (Figure 1). The ISV systems benefit scientists as well as medical and sci-
real power of traditional illustration techniques comes from entific illustrators. Current digital medical and science il-
the illustrator’s subtle understanding of how to effectively lustrations are typically produced by scanning preliminary
manipulate the media to create subtle cues to aesthetically hand-drawn sketches, then developed through a series of
represent (abstract or realistic) and effectively communicate commercial software packages for vector drawing (i.e. II-
data to viewers through emphasis or subjugation of informa- lustrator), bitmap painting (i.e. Photoshop), 3D applications
tion. (i.e., Maya), until a finished rendering is produced [Hod03].
This approach is not cost-effective, has high learning curves
and does not offer specific functionalities required for med-
ical and science illustration production [SE05b, Sou05]. II-
lustrative visualization systems offer a mangegratedset

of advanced tools for helping (not replacing) illustrators in
all phases of illustration production, preserving their style
and adapting to their preferred ways of thinking and work-
ing. An illustrative visualization system allows illustrators to
create imagery never before possible with a set of new tech-

to provide novel ways of exploring and visualizing com- . . . . ;
T ’ - niques by decreasing content creation costs and increasing
plex scientific datasets by presenting abstractions to users 2 . .
productivity and computational efficiency.

in ways that reconcile expressiveness, aesthetics and ease”
of-use. Research in ISV is very recent [BGKG05a, LM02, We present an ISV system framework based on tradi-
ONOI04, SEO5a, VKG04,VGH, rooted in two other estab-  tional technigues, guidelines, processes that scientific il-
lished areas: non-photorealistic rendering (NPR) and scien- lustrators follow during-the entire illustration production

Current scientific visualization techniques create complex
images that may be difficult to interpret and do not have
the expressiveness and aesthetics of illustrations. This pa-
per provides a classification of current rendering techniques
and a review of a traditional scientific illustration pipeline
in order to enable artists and non-artists to apply effective
illustrative scientific visualization (ISV) for the creation of
computer-generated images of scientific data. The goal is
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Figure 1: From left to rightTraditional scientific illustrations for archaeology, zoolog@g, Emily Damstra, botany© Siriol
Sherlock, and medicin® Bill Andrews, all rights reserved. All illustrations used by permission.

pipeline [Hod03]. Such a framework provides a basic ped-
agogy and foundation for categorizing and communicating
research, and support for developing future ISV systems.

Our ISV framework has been iteratively developed in col-
laboration with medical and scientific illustrators [Hod03,
SEO05a]. We carefully observed the communication and pro-
duction processes of traditional illustration, as shown in the
first two columns on table in Figure 2. We then broke the il-
lustrator’s tasks into various distinct components further cat-
egorized in three main components (diagram in Figure 2):

1. interactive modeling, to create, edit, manipulate and an-
notate 3D models by interactive sketch input integrated
with acquired scientific datasets (Section 2);

modeling task and goal (i.e. translate sketches to 3D mod-
els). The main goal of SBIM systems is to allow the cre-
ation, manipulation, and subsequent annotation of 3D mod-
els by using strokes extracted from user input and/or existing
drawing scans [NJM2]. SBIM is a relatively new area of
research in modeling, especially for 3D content creation in-
volving free-form objects and complex structures commonly
found in natural science subjects. Four topics are of partic-
ular importance for ISV systems: stroke capturing, overall
form, conceptual marking and shape augmentation.

Stroke capturing: a fundamental process in SBIM systems,
in which different types of input strokes (i.e. single or clus-
ters) and their qualities (i.e. main path, hand gesture details)

2. shape analysis, to extract features, measure and depict should be properly recorded and parameterized [CSSJ05].

the 3D form of the models and datasets (Section 3);
. expressive rendering, to provide illustrative renditions

incorporating general illustration principles, techniques,

abstractions and aesthetics of different styles (Section 4).

Each component builds upon the other and aids in the cre-

ation of a solid framework for ISV research and develop-
ment. Our framework reduces the effort of scientists and il-

lustrators during content creation, analysis and rendering, al-

lowing focus on discovery, creativity, and end results.

In the next sections, we will describe each of these three
components in more detail by first presenting how the com-
ponent relates to traditional illustration and describing topics
related to graphics.

2. Interactive Modeling

lllustrators are increasingly using 3D modeling tools (i.e.,
Maya, Poser) as part of the digital illustration production
pipeline, primarily to create 3D representations from prelim-

inary conceptual sketches. However, most illustrators agree

that available methods of constructing, editing and manipu-

Overall form: refers to the process of constructing and edit-
ing 3D shapes using few key strokes which define the over-
all form, geometry, topology, proportions, scale, etc. of the
model. Existing works can be categorized in two groups:
(1) architectural, engineering shape modeling [ZHH96];
(2) more generic free-form shapes [IMT99], commonly
found in medical and scientific domains [CSSJO05, DAJS
SWSJO05].

Conceptual marking: refers to the process of using the

strokes to indicate, manipulate (i.e. cut, deform), label,
and annotate visual references to aid in the overall vi-
sual communication, manipulation and exploration of the
data [CSSJ05, ONOI04, TBvdPO04].

Shape augmentation:refers to the process of using input
strokes to add details (i.e. sharp features, convex and con-
cave regions) to the surfaces of existing 3D shapes [LFO03,
NSACO05,0SSJ05].

3. Shape Analysis

lating 3D models (i.e. control points manipulation, multiple Form interpretation is an important early stage in the pro-
menus and parameter adjustment, etc) do not lend to a nat-duction pipeline of traditional scientific illustrations. It in-
ural interaction metaphor and forces them to diverge from volves careful analysis and study of the subject to be illus-
their preferred ways of thinking and working. Sketch-based trated (third row in the table of Figure 2). Shape analysis al-
interfaces and modeling (SBIM) approaches can potentially lows the elimination of extraneous details and the reduction
offer intuitive solutions to these problems and to the actual of image marks to the most representative features. Shape

(© The Eurographics Association 2005.
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Figure 2: The diagram on top shows the illustrative visualization pipeline with its six main components: (1) modeling and
(2) analysis, (3) materials and (4) rendering, (5) steps and (6) composition. In the table, the first two columns describe the
responsibilities of the scientist and the illustrator (adapted from Table 1-1, page 11 of Chapter 1 from [Hod03]). Copyright
2003 The Guild of Natural Science lllustrators. Used by permission.
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features, or measures (i.e. contours, folding regions, surfaces The silhouette set of a polygonal model can be computed
areas, volumes, curvatures) are accurately identified and ren-in object space or in screen space. Object space algorithms
dered as ink line drawings to provide a preliminary depiction require computations in three dimensions and produce a list
of form and also to serve as the basis for more detailed ren- of silhouette edges for a given viewpoint. Screen space algo-
dering [Hod03, Raw87]. rithms are usually based on 2D image processing techniques
and are useful if rendering silhouettes is the only goal of
the algorithm. While all of the object space methods evalu-
ated in this work compute the silhouette set of a polygonal
model from a given viewpoint, it should be noted that these
Silhouette drawings are a simple form of line art used algorithms solve different aspects of this common problem.
in cartoons, technical illustrations, architectural design and For example, the method of Gooch et al [GR9] works
medical atlases. Silhouette curves of a polygonal model are only for orthographic viewing, the method of Hertzmann and
useful in realistic rendering, in interactive techniques, and in  Zorin [HZ00] which uses a different definition for the silhou-
non-photorealistic rendering (NPR). ette set, while the method of Markosian et al. [M¥I7] is
an anytime algorithm which does not require a lengthy pre-
process.

Silhouettes: the view-dependent outline of a solid object;
this has been the main focus of NPR research on feature ex-
traction.

Form Measures: include interior features of the model,
such as ridges and valleys, creases [KMM)], cur-
vatures [GIHLOO, HZ00O, KWTT00, RKS00, ACSD3,
SSB04], suggestive contours [DFRS03], morphological op-
erators [RKHPO0O], and morphometric variables [SFWSO03].

Light on Form: includes experiments with alternate light
models based on techniques used by illustrators for light ma-

Figure 3: Selection of NPR results for medical il- nipulation and effects [Hal95, GGSC98, Ham00, Al03,
lustration. (Left) © [LMO02], (middle) © [SESO05], SSB04].

(right) © [LME™*02]. Used by Permission.

In realistic rendering, silhouettes are used to simplify
shadow calculation. Sander et al. demonstrate that complex
models can be rendered at interactive rates by clipping the .
polygons of a coarse geometric approximation of a model /"~ —_ ™
along the silhouette of the original model [SGE]. Hertz- i — 1
mann and Zorin have shown that silhouettes can be used | [—— "
as an efficient means to calculate shadow volumes [HZ00]. | | 5
Haines demonstrated an algorithm using silhouettes for | —|
rapidly rendering soft shadows on a plane [Hai01]. Sil- | [
houettes are used for interactive haptic rendering [JCO01]. |/ | :
Some authors [JRP02, CPSC98] have described the use of
silhouettes in CAD/CAM applications. Systems have also
been built which use silhouettes to aid in modeling and
motion capture tasks [FPT99, LGMTOO0, BLO1]. Isenberg Figure 4: Selection of NPR results for archaeol-
et al. [IFH"03] describe, categorize, discuss, and recom- ogy  (Left) @© [SMI99], (middle) © [SFWSO03],

mend algorithms for computing the silhouette of a polygonal  (right) © [DHvOS00]. Used by Permission.
model. This work is meant to complement the work of Isen-

berg et al. by quantifying the time, complexity, and runtime
parameters involved in developing silhouette algorithms.

In NPR, complex models and scenes are often rendered 4. Bxpressive Rendering

as line drawings using silhouette curves. Lake et al. present Expressive renderingrovides new visual representations
interactive methods to emulate cartoons and pencil sketch- and tools that precisely convey the information to be de-
ing [LMHBOO]. Gooch et al. built a system to interactively  picted, with images embodying aesthetic qualities. Expres-
display technical drawings [GS®@9]. Rheingans and Ebert  sive rendering entails four components in the ISV framework
and Lum and Ma have built a NPR volume visualization sys- (Figure 2):materials and rendering (Section 4.1), to repli-
tem which uses silhouettes to emphasize key data in volume cate the visual effects and physical behaviours of traditional
renderings [REO1, LM02]. illustration media (i.e. pencil) and corresponding rendering

(© The Eurographics Association 2005.
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techniques (i.e. hatching) amstkeps and composition(Sec- while still offering a number of attributes of the medium be-
tion 4.2) to incorporate principles from perception and illus-  ing simulated, including integration with applicator models.
tration to control various composition effects (i.e. focus of
attention, emphasis). By integrating these four components, Observational: involves careful observation of the real
we can approximate traditional media and techniques result- medium to capture its essential physical properties and be-
ing in images with an aesthetic quality that impart, according haviours to reproduce quality rendering and a variety of real-
to scientific illustrators, a more “organic" look to the digital  World conditions at interactive rates.
images (i.e. it does not look like sterile plastic) and discover
new visual effects and representations that are due to com-
puter graphics imaging only, thus presenting unique advan-
tages compared to other traditional illustration media, tech-
nigues and styles. The next two subsections describe these Natural media simulation models are usually integrated in
components in more detail. two types on NPR systems: interactive painting systems and
automatic stylized depiction systems.

Physical: involves computing an accurate solution for spe-
cific real-world conditions on the look and/or behaviour of
the natural medium.

Interactive Painting Systemsln these systems, the user has
total control over the resulting work. Given a blank-screen
(i.e. the canvas) each of the three main components of the
simulation is performed repeatedly until the user considers
the drawing/painting complete. The history of painting sys-
tems goes back over thirty years. In that time many differ-
ent algorithms for each of the three media simulation com-
ponents (dynamics, behaviour, rendering) have been pro-
posed and implemented. Painting systems have been an ac-
tive area of interest both in academia and in the commercial
world, from early experiments with paint programs [Smi78]
to novel observational and physically-based models for oil-
like painting [BI04].

Automatic Rendering Systemsin these systems the com-
puter decides algorithmically how to generate expressive
renditions of existing images or 3D scenes. The main goal
of automatic NPR systems is to incorporate the many types
of structural correspondence and styles already developed
by artists and illustrators. The system algorithms/heuristics
should be able to duplicate and/or extend such visual analo-
gies on a computer, with little or no user intervention. Exist-
ing automatic systems operate over the following representa-
The phenomena of natural media has three main elements:tions: image from photographs/video/syhnthetic 3D scenes,
applicator (i.e. pen, pencil, brush)substance(i.e. ink, cloud of points, polygonal surfaces, parametric surfaces, im-
graphite, paint), andurface(i.e. canvas, paper). The pri-  plicit surfaces/CSG, and volume data.

mary functionality of the simulation can be divided in three

main components:

Figure 5:  Selection of NPR results for zoology.
(Killeroo) © 2003 Doug DeCarlo [DFRS03] (model pro-
vided by headus.com.au) (Grasshopp@) [DHvOSO00],
(Leopard Geckol©) [VKGO04]. Used by Permission.

4.1. Materials and Rendering

4.2. Steps and Composition
Applicator dynamics: update applicator according to user

’ . The termstepsrefers to the control of the production of an
input and/or algorithm.

illustration work from the initial sketch to the finished ren-
dering. It bridges the components of rendering with compo-
sition (Figure 1). Composition means assembling elements
and arranging them in order, to make one unit of them all
Substance rendering: compute color and display resulting and is a non-trivial task. It can be applied to any kind of sub-
media to the screen. ject matter and to any kind of drawing/painting (from quick-
est sketch to highly finished rendering) [Lew84]. Figure 1

In any type of simulation there is inevitably a trade-off  shows an expanded view of the steps and composition com-
between realism, control, and efficiency. We can have three ponents of the NPR pipeline.

main types of simulation models along this trade-off curve:

Substance behaviour: update substance distribution ac-
cording to applicator motion.

At each step the illustrator is carefully thinking about
Visual: simple heuristics allowing fast interactive response, three questions [Cra00, Raw87]:

(© The Eurographics Association 2005.
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Where to place the strokes?This decision is usually made o
during modeling and analysis. Before starting to draw, illus- aa
trators thoroughly study the subject to be rendered, focusing \;_,JI,
on the geometric forms that give the subject its overall shape. \.&:jj_,:
They consider both the lines that define the outline of the ob- 5;*.;2\,,?;
ject (silhouettes and boundaries) and features that define the _\-.‘;‘-ﬁ'gf
interior volumes and surfaces, such as creases, ridges, anc & Nty
valleys. After such analysis, illustrators lightly outline the e m\" 45

regions related to the shape measures; those regions are the| % n_'j;ﬁ;g_i

filled with stroke marks, with a gesture that conveys either a ) :‘r-‘l;-.g{ a"f’,
careful or loose constructed look [Sim93]. “\iﬁ %g};
VR
How many strokes to placedllustrators control the amount \Qk ‘%if;s"}*
of strokes to be placed by following the principle that “less & -,\__FJ‘-_‘; ¥
in a drawing is not the same as less of a drawing” [Raw87]. "T'.’.:-“\'é';'ﬁ‘_ii‘i
Extraneous details are eliminated, producing a drawing de- L\? M‘{-'»:"’y
picting key shape features. \M‘«f ¥

How to draw/paint the strokes?A significant challenge for
the illustrator is to achieve a 3D sense in a drawing, given
that a strokes is by nature a 2D trace of an object in a plane. Figure 6: Selection of NPR results for botany.
To address this challenge, the illustrator shapes and connectqLeft) © [DSO00], (middle, bottom)©) [SWHS97] (middle,
the feature stroke marks of the objects in different ways, sub- bottom) © [Sec02], (right)© [SP03]. Used by Permission.
tly varies their thickness and lengths, adding inflections and

breaks in the strokes, and places strokes in various relations

with respect to each other.

Individual strokes are typically categorized in three fun- ] . . )
damental groups: Center of Interest: with the assumption the viewer is look-

ing in one fixed direction at an object, then the object be-

1. Contour: usually long lines, varying its weight (or thick-  comes the center of interest or the point of focus. The
ness) to delineate form without reliance on rendering. strongest contrasts and sharpest details appear at this cen-
These variations in line weight can accentuate important ter of interest, and grow less and less distinct towards the
points and add depth and activity to the drawing. edges of the paper. In NPR, Strothotte et al. [S®R pre-

2. Hatching: arranging a series of parallel lines of various  sented a system that allows the user to interactively control
lengths, widths, at various angles to indicate shape mea- {he |evel of detail in selected areas of the rendered image, by
sures and/or constructs areas of tone and texture. increasing or decreasing the number of strokes. The system

3. Precise: short-lines and s_,tlppllng. Short, str_alght I|_nes al- enhances these details by varying line styles. Winkenbach
low for some crosshatching "’.‘”d also the S|mulat|o_n_of @ and Salesin [WS94] presented a related semi-automatic ap-
great variety of textures at different levels of precision. proach, in which the user controls the number of strokes.
Stippling is the effect obtained by using a series Pf PTOP- More r,ecently, researchers have proposed techniques in-
erly scalec_i and spaced dots. Itis the most precise of all spired by traditional illustration to create and control center
pen techniques. of interest applied to volumetric datasets [VKG04, SESO05,

Also, at each step, fundamental principles of composition BGKGO5b, BG05, WZMKO5].

are applied: ) ) o
Emphasis: common approaches to achieve emphasis in-

Unit: composition is a homogeneous whole. All the parts Volve experimenting with different light and shading ef-
must be related, merged or blended together to they becomefects, tone value charts, contrast patterns, and placement
a single unit, expressing one main thought. A good unit de- Of stroke and texture details and patterns to create focal
pends on the proper selection/study and emphasis of the sub-points. In NPR, Sousa and Buchanan [SB00] and Majumder
ject. The amount of attention given to each detail is propor- €t al. [MGO2] experimented with contrast effects. DeCarlo
tional to its importance. and Santella [DS02] presented a technique to stylize and ab-

stract photographs by initially establishing a focus of atten-
Balance: part of the principle of unity; without balance there tion model that records the user’s eye movements in looking
could be no unity. Balance results from establishing the equi- at the photo; their system then renders a new image empha-
librium by arranging all the parts of the composition such sizing and de-emphasizing different parts of the photo de-
that each receives a proportional share of attention. pending on the focus of attention previously recorded.

(© The Eurographics Association 2005.
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Figure 7: Selection of NPR results for cartography. (Top,
left) (@© 1998 Mahes Visvalingam and Kurt Down-
son [VD98] (http://www?2.dcs.hull.ac.uk/CISRG/), (middle,
bottom)©) [BSS04], (right, top)© [BSD*04]. Used by Per-
mission.

5. Conclusions

We provide a global framework for illustrative scientific vi-

sualization which parallels the pipeline used by traditional
illustrators. By providing terminology and an order of events
for the creation of effective illustrations, we hope to afford

a high-level perspective of the recent technical contributions
supplied by researchers and enable further contributions to

abstraction and communication of scientific data.

Acknowledgments

The authors would like to thank the Computational Aesthet- [CSSJ05]

ics Workshop participants for helpful discussions, as well

as the anonymous reviewers, and Patricia Rebolo Medici
for proofreading the paper. This paper is based upon work

supported by the by the Discovery Grant from the Natu-

ral Sciences and Engineering Research Council of Canada
and the National Science Foundation (Grant Nos. 0415083).

Thanks to Alias|Wavefront for their generous donation of
Maya Complete.

References

[ACSD*03] ALLIEZ P., CoHEN-STEINER D., DEv-
ILLERS O., LEVY B., DESBRUNM.: Anisotropic polyg-
onal remeshingACM Transactions on Graphics (Proc. of
SIGGRAPH '03) 22, 3 (2003), 485-493.

[ALK *03] AKERS D., LosAsso F., KLINGNER J.,
AGRAWALA M., Rick J., HANRAHAN P.: Conveying
shape and features with image-based relighting?rbc.
of IEEE Visualization '032003), pp. 349-354.

[BGO5] BRUCKNERS., GROLLER M. E.: Volumeshop:

(© The Eurographics Association 2005.

63

An interactive system for direct volume illustration. In
Proc. of IEEE Visualization '0%2005), pp. 671-678.

[BGKGO05a] BRUCKNERS., GRIMM S., KANITSAR A.,
GROLLER M. E.: lllustrative context-preserving volume
rendering. InProc. of EuroVis '052005), pp. 69-76.

[BGKGO5b] BRUCKNERS., GRIMM S., KANITSAR A.,
GROLLER M. E.: lllustrative context-preserving volume
rendering. InProc. of EuroVis '052005), pp. 69-76.

[BI04] BAXTER IIl W.: Physically-Based Modeling Tech-
niques for Interactive Digital Painting. PhD thesis, De-
partment of Computing Science, University of North Car-
olina at Chapel Hill, 2004.

[BLO1] BOTTINO A., LAURENTINI A.: Experimenting
with nonintrusive motion capture in a virtual environment.
The Visual Computer 17, 1 (2001), 14-29.

[BSD*04] BUCHIN K., SousAa M. C., DOLLNER J.,
SAMAVATI F., WALTHER M.: lllustrating terrains using
direction of slope and lighting. IRroc. 4th ICA Moun-
tain Cartography Workshof2004), Institut Cartographic
de Catalunya, pp. 259-269.

[BSS04] BroSzJ., SAMAVATI F., SousaM. C.: Silhou-
ette rendering based on stability measuremer®rae. of
the 20th Spring Conference on Computer graphics (SCCG
'04) (2004), pp. 157-167.

[CPSC98] GHUNG Y. C., PRK J. W., SHIN H., CHoOI
B. K.: Modeling the surface swept by a generalized cutter
for nc verification. Computer-aided Design 30, 8 (1998),
587-594.

[Cra00] ORANE W.: Line Form. George Bell Sons, Lon-
don, 1900.

GIERLIN J. J., SWMAVATI F., SOUSA M. C.,
JORGEJ. A.: Sketch-based modeling with few strokes. In
Proc. of the 21st Spring Conference on Computer Graph-
ics (SCCG '05)2005), pp. 132-140.

[DAJS*04] DE ARAUJO B., JORGE J., SOUSA M.,
SAMAVATI F., WyviLL B.: MiBlob: A tool for medi-
cal visualization and modeling using sketches. SliG-
GRAPH '04(2004). (poster #149 — Biomedical Visual-
ization).

[DFRS03] DeCARLO D., FINKELSTEIN A.,
RUSINKIEWICZ S., SANTELLA A.: Suggestive contours
for conveying shape. ACM Transactions on Graphics
(Proc. of SIGGRAPH '03) 22, 3 (2003), 848-855.

[DHvOS00] DeUSSENO., HILLER S., VAN OVERVELD
C., STROTHOTTE T.: Floating points: A method for
computing stipple drawingsComputer Graphics Forum
(Proc. of Eurographics '00§2000), 40-51.

[DS00] DeUSSEN O., STROTHOTTE T.:  Computer-
generated pen-and-ink illustration of trees. Rroc. of
SIGGRAPH '00(2000), pp. 13-18.



64

[DS02] DeCARLOD., SANTELLA A.: Stylization and ab-
straction of photographACM Transactions on Graphics
(Proc. of SIGGRAPH '02]2002), 769-776.

[FPT99] FuA P., RLANKERS R., THALMANN D.: From

synthesis to analysis: Fitting human animation models

to image data. IlComputer Graphics International '99
(1999).

[GGSC98] @ocH A., GOOCH B., SHIRLEY P., Co-
HEN E.: A non-photorealistic lighting model for auto-
matic technical illustration. liProc. of SIGGRAPH 1998
(1998), pp. 447-452.

[GIHLOO] GIRSHICK A., INTERRANTE V., HAKER S.,
LEMONET. S.: Line direction matters: An argument for
the use of principal directions in 3d line drawings. In
Proc. of NPAR ’0Q2000), pp. 43-52.

[GSG"99] GoocH B., SLoAN P.-P. J., ®OCH A.,
SHIRLEY P. S., RESENFELD R.: Interactive technical
illustration. In1999 ACM Symposium on Interactive 3D
Graphics(1999), pp. 31-38.

[Hai01] HAINES E.: Soft planar shadows using plateaus.
Journal of Graphics Tools 6, 1 (2001), 19-27.

[Hal95] HALL P.: Non-photorealistic shape cues for visu-
alization. InProc. of WSCG 19961995), pp. 113-122.

[HamO0O] HamMmEL J.: Alternative Lighting Methods for
Comuter Generated Line Drawings. PhD thesis, Univer-
sity of Magdeburg, 2000.

[Hod03] HoDGESE. R. S. (Ed.):The Guild Handbook of
Scientific lllustration, 2nd Edition. John Wiley and Sons,
2003.

[HZ00] HERTZMANN A., ZORIN D.: lllustrating smooth
surfaces. InProc. of ACM SIGGRAPH '0Q2000),
pp. 517-526.

[I[FH*03] ISENBERG T., FREUDENBERG B., HALPER
N., SCHLECHTWEG S., STROTHOTTE T., VON GUER-
ICKE O.: A developer’s guide to silhouette algorithms for
polygonal modelsIEEE Computer Graphics and Appli-
cations 23, 4 (2003), 28-37.

[IMT99] |IGARASHI T., MATSUOKA S., TANAKA H.:
Teddy: A sketching interface for 3d freeform design. In
Proc. of SIGGRAPH '991999), pp. 409—-416.

[JCO1] JDHNSOND. E., CoHEN E.: Spatialized normal
cone hierarchies. IRroc. of ACM Symposium on Inter-
active 3D Graphicg2001), pp. 129-134.

[JRPO2] ENSENC. G., REDW. E., R J.: Tool selection
for five-axis curvature matched machiningComputer-
Aided Design 34, 3 (March 2002), 251-266. ISSN 0010-
4485.

[KMM *02] KALNINS R. D., MARKOSIAN L., MEIER
B. J., KowALsklI M. A., LEe J. C., DaviDsON P. L.,
WEBB M., HUGHES J. F., HNKELSTEIN A.. WYSI-
WYG NPR: Drawing strokes directly on 3d modefsCM

M. Sousa & A. Gooch & B. Gooch / lllustrative Visualization

Transactions on Graphics (Proc. of SIGGRAPH '02)
(2002), 755-762.

[KWTTO00] KINDLMANN G., WHITAKER R., TASDIZEN
T., T.MOLLER: Curvature-based transfer functions for
direct volume rendering: Methods and applications. In
Proc. of IEEE Visualization 200@000), pp. 513-520.

[Lew84] LewisD.: Pencil Drawing Techniques. Watson-
Guptill Publications, Inc., New York, 1984.

[LFO3] LAWRENCEJ., FUNKHOUSERT.: A painting in-
terface for interactive surface deformations. Aroceed-
ings of Pacific Graphics '082003), pp. 141-150.

[LGMTO0] LEE W., GU J., MAGNENAT-THALMANN
N.: Generating animatable 3d virtual humans from pho-
tographs.Computer Graphics Forum 19, 3 (2000), 1-10.

[LMO2] Luwm E., MA K.-L.: Hardware-accelerated paral-
lel non-photorealistic volume rendering.Pnoc. of NPAR
'02 (2002), pp. 67—74.

[LME*02] LuA., MORRISC., EBERT D., RHEINGANS
P., HANSEN C.: Non-photorealistic volume rendering us-
ing stippling techniques. IRroc. of IEEE Visualization
'02 (2002), pp. 211-218.

[LMHBOO] LAKE A., MARSHALL C., HARRIS M.,
BLACKSTEIN M.: Stylized rendering techniques for scal-
able real-time 3D animation. lroc. of NPAR '0q2000),
pp. 13-20.

[MGO02] MAJUMDERA., GOPIM.: Hardware accelerated
real time charcoal rendering. Rroc. of NPAR '022002),
pp. 59-66.

[MKT *97] MARKOSIAN L., KowaLskl M. A,
TRYCHIN S. J., BOURDEV L. D., GOLDSTEIN D.,
HuGHES J. F.: Real-time nonphotorealistic rendering.
In Proc. of SIGGRAPH '971997), Computer Graphics
Proceedings, Annual Conference Series, pp. 415-420.

[NJC"02] NAYA F., ORGEJ. A., CONESAJ., CONTERO
M., Gom! J. M.: Direct modeling: from sketches to 3d
models. InProc. of the 1st Ibero-American Symposium in
Computer Graphic$2002), pp. 109-117.

[NSACOO05] NEALEN A., SORKINE O., ALEXA M.,
COHEN-OR D.: A sketch-based interface for detail-
preserving mesh editingACM Transactions on Graphics
(Proc. Of SIGGRAPH '05) 24, 3 (2005), 1142-1147.

[ONOIO4] OwaDA S., NELSEN F., OKABE M.,
IGARASHI T.: Volumetric illustration: Designing 3D
models with internal textures. ACM Transactions on
Graphics (Proc. of SIGGRAPH '042004), 322-328.

[OSSJ05] Q@SEN L., SAmMAVATI F., Sousa M. C.,
JORGEJ. A.: Sketch-based mesh augmentation2ma
Eurographics Workshop on Sketch-based Interfaces and
Modeling(2005).

[Raw87] RawsoN P.: Drawing. University of Pennsylva-
nia Press, 1987.

(© The Eurographics Association 2005.



M. Sousa & A. Gooch & B. Gooch / lllustrative Visualization

[REO1] RHEINGANS P., BBERT D.: Volume illustration:
nonphotorealistic rendering of volume modeldEEE
Transactions on Visualization and Computer Graphics 7,
3(2001), 253-264.

[RKHPOO] RossLC., KOBBELTL., H-.P. S.: Extraction
of feature lines on triangulated surfaces using morpholog-
ical operators. IfProc. of Smart Graphics '0@000).

[RKS00] RossLC., KOBBELT L., SEIDEL H.-P.: Line
art rendering of triangulated surfaces using discrete lines
of curvature. InProc. of WSCG '0@2000), pp. 168-175.

[SBOO] Sousa M., BUCHANAN J.: Observational model
of graphite pencil materialsComputer Graphics Forum
19, 1 (2000), 27-49.

[SEO5a] Susa M., EBERT D.:
Medical, Technical, and Scientific Illustration.
GRAPH 2005 Course 31, 2005.

[SEO5b] Susa M. C., EBERTD. S.: Collaboration be-
tween computer graphics/NPR and the medical illustrator.
In Association of Medical Illustrators (AMI), 60th Annual
Conferencg2005). (Invited Presentation and Panel Dis-
cussion).

[Sec02] ScoRrDA.: Weighted voronoi stippling. IProc.
of NPAR '02(2002), pp. 37-43.

[SES05] SAKHINE N., EBERTD. S., SSREDNEYD.: IlI-
lustration motifs for effective medical volume illustration.

Computer-Generated
SIG-

IEEE Computer Graphics and Applications 25, 3 (2005).
[SFWS03] SusAM., FOSTERK., WYVILL B., SAMA-
VATI F.: Precise ink drawing of 3D models.Com-

puter Graphics Forum (Proc. of Eurographics 2003) 22, 3
(2003), 369-379.

[SGG'00] SANDER P. V., Gu X., GORTLER S. J.,
HopPEH., SNYDER J.: Silhouette clipping. IrProc.
of ACM SIGGRAPH '0@2000), pp. 327-334.

[Sim93] SMMONS G.: The Technical Pen. Watson-

Guptill Publications, 1993.

[Smi78] SwiTH A. R.: Paint. TM 7, NYIT Computer
Graphics Lab, July 1978.

[SMI99] STROTHOTTET., MASUCH M., ISENBERGT.:
Visualizing knowledge about virtual reconstructions of
ancient architectureProc. of Computer Graphics Inter-
national 1999) 18, 3 (1999), 36—43.

[Sou05] Susa M. C.: Computer tools for the science
illustrator - what do you need? [fhe Guild of Natural
Science lllustrators (GNSI), Annual Conferen@905).
(Invited Presentation and Panel Discussion).

[SPO3] Susa M., PrRusINKIEwICZ P.: A few good
lines: Suggestive drawing of 3d models.Computer
Graphics Forum (Proc. of Eurographics '03) 22, 3 (2003),
327 - 340.

[SPR'94] STROTHOTTET., PREIM B., RAAB A., SCHU-
MANN J., FORSEYD. R.: How to render frames and in-

(© The Eurographics Association 2005.

65

fluence peopleComputer Graphics Forum (Proc. of Eu-
rographics 1994) 13, 3 (1994), 455-466.

[SSB04] SusAa M., SAMAVATI F., BRUNN M.: Depict-
ing shape features with directional strokes and spotlight-
ing. In Proc. of Computer Graphics International '04
(2004), pp. 214-221.

[SWHS97] Si\LISBURY M. P., WONG M. T., HUGHES
J. F., \LESIN D. H.: Orientable textures for image-
based pen-and-ink illustration. roc. of SIGGRAPH
'97 (1997), pp. 401-406.

[SWSJ05] $HMIDT R., WyviLL B., Sousa M. C.,
JORGEJ. A.: ShapeShop: Sketch-based solid modeling
with the BlobTree. In2nd Eurographics Workshop on
Sketch-based Interfaces and Model{2§05), pp. 53-62.

[TBvdP04] THORNE M., BURKE D., VAN DE PANNE
M.: Motion doodles: An interface for sketching character
motion. ACM Transactions on Graphics (Proc. of SIG-
GRAPH '04)(2004), 424-431.

[VD98] VisvALINGAM M., Dowson K.: Algorithms
for sketching surfacesComputers and Graphics 22, 2-
3(1998), 269-280.

[VGB*] VIOLA I., GROLLERM. E., BUHLER K., HAD-
WIGER M., PREIM B., EBERT D., Sousa M. C.,
STREDNEY D.: lllustrative visualization. |IEEE Visual-
ization 2005 Tutorial.

[VKG04] VioLa I., KANITSAR A., GROLLER M. E.:
Importance-driven volume rendering. Rroc. of IEEE
Visualization '04(2004), pp. 139-145.

[WS94] WINKENBACH G., SALESIN D. H.: Computer-
generated pen-and-ink illustration. roc. of SIG-
GRAPH '94(1994), pp. 91-100.

[WZMKO5] WANG L., ZHAO Y., MUELLER K., KAUF-
MAN A.: The magic volume lens: An interactive fo-
cus+context technique for volume rendering.Pioc. of
IEEE Visualization '052005), pp. 367—374.

[ZHH96] ZELEzNIK R. C., HERNDON K. P., HUGHES
J. F.: SKETCH: An interface for sketching 3d scenes. In
Proc. of SIGGRAPH '9§1996), pp. 163-170.



