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Caricaturistic Visualization
Peter Rautek, Ivan Viola, M. Eduard Groéller

Abstract —Caricatures are pieces of art depicting persons or sociological conditions in a non-veridical way. In both cases caricatures
are referring to a reference model. The deviations from the reference model are the characteristic features of the depicted subject.
Good caricatures exaggerate the characteristics of a subject in order to accent them. The concept of caricaturistic visualization
is based on the caricature metaphor. The aim of caricaturistic visualization is an illustrative depiction of characteristics of a given
dataset by exaggerating deviations from the reference model. We present the general concept of caricaturistic visualization as well
as a variety of examples. We investigate different visual representations for the depiction of caricatures. Further, we present the
caricature matrix, a technique to make differences between datasets easily identi able.

Index Terms —lllustrative Visualization, Focus+Context Techniques, Volume Visualization

F

1 INTRODUCTION

The high popularity of caricatures indicates the widespread ability of Steering Attention to regions of interest is done by visual cues.
humans to identify outstanding features of faces. In addition, caric@aricatures provide intensive cues toward the details of interest.
turists have the ability to exaggerate these features and draw hygdighly exaggerated regions attract the user's attention to aid in the
bolized pictures. The exaggeration of features takes place in depegsognition of differences. Photorealistic rendering often fails to di-
dence to a reference model in the caricaturist's brain. A beholder rgfct the attention to the focus of relevancy.

a caricature can interpret its meaning only if he has a similar refer- . e T . .
P g y Caricaturistic visualization is suitable for areas where differences

?hnecgung%%?lallﬂdhIt?]?(l:r;?fclzir]tl?gl(J)rfetr}easnuf))'(:(th]glree th%\:ver:e[rer?:fge?ggét\Neen datasets or deviations to a reference model are of interest. We
; ) ; ﬁ:{e some ideas of potential applications for caricaturistic visualiza-

model can be seen as an idealized model within the domain of s i
jects. Each specimen within the domain is characterized by deviations -
to the reference model. The deviations of the specimen are the featureQuality Control aims to nd subtle differences of workpieces to
of interest for the caricaturist. The caricature is the outcome of a hipre reference model. Irregularities of surfaces are of immediate in-
perbolized depiction of the deviating features. It accents the essetemest. The visual exaggeration of such irregularities leads to clearer
of the depicted subject. visible cues to the regions of interest.

In Redman [16] the caricaturist is advised to differentiate between

exaggeration and distortiorExaggeration is the overemphasis ofof species over time as well as with the differences between species.

truth. Distortion IS a comple_te denial of truth Car_lt_:atures €Xa9- Caricaturistic visualization helps to make the subtle differences visible
gerate but damot distort deviations. The goal of traditional caricature

is the entertainment of the beholder. Caricaturistic visualization fof- <" for lay persons and could for example also be used in education.
lows the same principles as traditional caricature but with a different Case-based Educatiorleals with learning by examination of dif-
goal. It aims to accent the characteristics of the depicted object. Mdieyent cases. Medical students for example have to learn different
properties of caricatures correspond to speci ¢ techniques of illustreases of diseases. Each case is a deviation from the reference model.
tive visualization. Caricatures therefore provide a powerful metaphBy exaggerating these small deviations the learning process could be
for illustrative visualization. aided. The same approach can be used for patient communication. The
Focus+Contexttechniques provide the user with detailed informapatient as a layperson often fails to see the abnormalities in the data.
tion at the focus of interest while the context is still present. Godtlustrative visualizations accenting the deviations can aid the patient
caricatures accent the characteristics and salient details while sparselynderstand the diagnosis. Caricaturistic visualization can bridge the
sketching the context. The focus in caricatures is on the characteristieg in communication between medical experts and laypersons.
of the depicted object which are often the details of interest.
Communication of Visual Contentis as effective as the chosen

Comparative Biologyis concerned with the evolution and changes

Deformation Surveillanceis used to detect changes of objects over
visual representation. Caricatures are expressive depictions afithe time. Small deformations are measured to estimate further deforma-
P : P P jons. For example the deformation of facades is monitored in order to

gergtr?;t'gtfe.rrﬁ;tesér.gigt%rlg?;sstlyﬁlvgr'g;g?etgzrqczg'igosna?; deéﬁ“;s ‘;‘gg rarantee the safety of a building. Caricaturistic visualization is able
: ate | : Icatu wellsui exaggerate these deformations in order to make them visible and

the communication of visual content. _ easily detectable.
Augmentation of Imagesaids the viewer to correctly interpret the
image. The augmentation is a descriptive visual information sparselyln Section 2 we brie y discuss related work. We derive a mathe-
overlaid over but not occluding the image. Therefore sparse visuahtical formulation of a feature in Section 3 and provide some simple
representations are necessary to augment images. Caricatures arguidelines for the design of features. In Section 4 we further illustrate
tremely sparse representations of visual content and can therefordhe idea of caricaturistic visualization with some examples of simple
used to augment an image. caricaturistic operations using the provided mathematical framework.
In Section 5 we present trearicature matrix a technique for the vi-
sualization of divergences of datasets to each other. It is based on
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ideas for future work are given.
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dimensional spacB  A3. The distance measure for the position of
the ear is simply the Euclidean distance.

A feature describes the characteristics of the specimen with respect
to the reference model. A feature is therefore de ned as a property
vector. The property vector space is de ned as

P=PL P :i: Py1 P Q)

In the analogy of facial caricature a possible feature would be the ear
given by its position, angular offset and spatial extent along its ma-
reference model specimen caricature jor axis. We de ne an exaggeration function for each property of the
feature. This function describes the behavior of a feature as its proper
ties are exaggerated. It is desirable that the deviating properties of the
Fig. 1. Example of a non automatic caricature drawing: In the left image feature are even further deviated. In terms of faciql caricaturedshe d
the head of Michelangelo's David statue is shown as analogy for the ref- ~ Placement of the ears would lead to even further displacement. We call
erence model. In the middle image the specimen (i.e., Rowan Atkinson)  this kind of exaggeration of a properitytra property exaggerationin
is shown. In the right image the caricature of the specimen is shown. ~ Contrast to that aimter property exaggeratiois the exaggeration of a
The caricature presumes the existence of a reference model. property caused by the deviation of another property. In the above ex-
ample the inter property exaggeration of the displacement of the ears
would also lead to an exaggeration of the scaling of the ears (i.e., the
increase of the spatial extent of the major axis). We therefore de ne

) ] ] the exaggeration functiog for propertyi as:
Related work to this paper mostly focuses on facial caricatures. Com-

puter aided facial caricature generation was addressed in several prg (x;;d) = x +( 10y (x1;8) + 133+ Cntn(xn @) kx  imkd  (2)
vious works [1, 2, 4, 17, 21]. The perception and recognition of

faces in association to caricatures was an extensive subject of yigrered is the exaggeration parametdy,is the distance function for
search [3, 9, 15, 17, 18, 19, 21]. While some works [3, 17, 18, 18kopertyj, ) is the value of the reference model for the propety
report an advantage in recognition or learning using facial caricatur@ls 2 A* fori;j = 1:::n are the coef cients describing the inter and
other works [9, 15] found no evidence that caricatures of people gfg 4 property exaggeration, ake, &k is given by

better than photographs. Gooch et al. [8] present a more extensive

discussion about human facial illustration and an evaluation of cari- 1

cature techniques for face illustration. For objects in general it was kxi imk= X iﬂﬁ (3)
reported [6, 20] that stylized, accentuated drawings are more easily ()

@denti ed. They aid learning more than photographs of the same O\therexi ® 2 B. The coef cientc;j determines the in uence of the
jects. '

. _ . viation of propertyj on the ex ration of property Intra an
The work dealing with illustrative volume visualization focuse deviation of propertyj on the exaggeration of property Intra and

Snter property exaggerations can be observed in real caricatures. In
on imitating traditional illustration techniques. High level abstrac property 99

tion techniques as presented in the work of Viola et al. [23, 24] alglg{ ;FEL%?E?ewg;?EU%?grlinga property exaggerations. We therefor
. . ] - l.

Svakhine et al. [22] control the appearance of different featunesg-

ing degrees of sparseness and complexity. An illustrative visualizationGuidelines for Features Each feature consists of a set of proper-

approach for time varying data was presented by Joshi et al. [11]. ties. Simple features may only consist of few properties like position,
Weigle et al. [25] present a related technique for the comparisonafientation and elongation. More complicated features may consist of

different datasets. They investigate visualization techniques for intéwandreds of properties describing the shape of the feature. Design-

secting surfaces and compare the performance of existing technigingsappropriate features is crucial for caricaturistic visualization. We

and a novel glyph based approach. Wynblatt [26] present vispal relesigned our features to meet the following constraints:

resentations of web pages called caricatures. The caricaturization oflexibility The set of properties is able to describe a wide variety

web documents allows for fast browsing through a large number of features.

documents. Liu et al. [14] present an approach to make subtle mo-Simplicity Each property is easy and fast to specify. Features which

tions in video scenes clearly visible. The motions are accentuateddrg complicated to specify may distract the user. Following the con-

2 RELATED WORK

exaggerating the motion of objects in video scenes. straint of simplicity is not a restriction to the complexity of the feature.
The automatically generated shape may be complicated while the user
3 MATHEMATICAL FRAMEWORK only speci ed few settings.

Caricaturists identify features and exaggerate certain properties_01Me_asurab'|'ty Each property is measurable and has a correspond-
these features such as spatial extent, displacement, or angularity. igedistance function. A pair of corresponding features differs only
want to exaggerate the deviations of a specimen from the correspolidthe speci ed values of the properties. The distance between these
ing reference model. Therefore we measure the difference betw&@H€s must be measurable. o )
the model and the specimen for each property. For example the disYVhile the rst two constraints are guidelines to design good fea-
placement of the specimen’s ear relative to the ideal model is a typi¢df€s the third constraint is a technical prerequisite for the caricatur-
property in facial caricature. ization of features. The exibility and simplicity constraints seem at
For each property we de ne a difference function over the domaijft 9lance to result in a trade-off. On one hand the features should
of the property. The domain of propertyis denoted a®, and the have the exibility to describe the subject of caricaturization, on the
difference function is denoted as. In a facial caricature a typical Other hand it should not be too complicated for the user to specify. To
property is the angular offset of the ear to the reference model. dsig dR€€t both constraints we propose to use automatic or semi-automatic
have a high value for the angular offset property while tight- tting ear&PProaches. In Section 6 we show an example of an automatic ap-
have a value close to zero. The de ned domain of the angular offddeach as well as examples of semi automatic approaches.
of the ears could for example = fxjx 2 (0; %)g. The difference
operation for two values @ is the difference between the two angles? CARICATURE SPACE
Another example for a property is the three dimensional position Based on the above framework we illustrate the idea of caricaturistic
the ear. The domain of this property is a speci ¢ subspace of thrgsualization and show an example of the caricature space. For the
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purpose of demonstration we de ne a three dimensional superquadepresentation of the reference model. The caricature of this object
which is given by the implicit function makes use of a larger property vector space (i.e., the caricature)spa
and therefore results in a more distinct visual representation.
X & 2 2 The objects in the upper row of the inner square are visually sim-
fxy,d= — +ys+zo (4) ilar. The corresponding caricatures of these objects are shown in the
* upper row of the outer square. Due to the exaggeration of their de-
At . T : scriptive properties they are visually more distinctive. The exaggera-
Wedenegs2 A to b_e the properties of the implicit function. Thetion of properties to make datasets more distinctive from each other is
property vector spack = P; P, of the implicit function is there- described in more detail in Section 5
fore de ned asA* A*. As a reference model we choose the su- )
perquadric with the property vector (1,1) which is a sphere. We dg-
ne eight deviating objects with all combinations of the propertie§ THE CARICATURE MATRIX
s = 0:8;1:0;1:2 andg= 0:6;1:0;2:5. As visual representation for While artists drawing caricatures do not explicitly make use of a refer-

the implicitly de ned functionf(x;y;2) we choose the iso-surface ofence model (as illustrated in Figure 1), for caricaturistic visualization

2

the function an explicit reference model is necessary. The exaggeration furastion
g(xy.2) = ®) sumes the existence of a difference function, whiqh by i}sglf assumes
e f(xy;2)? the existence of a reference model. Therefore caricaturistic visualiza-
) tion fails without a reference model. Collections of datasets about a
at an iso-value of . given subject often lack the explicit existence of a reference model.

In some cases this might be compensated by calculating the average
of the available datasets. The average can then be used as reference
model.

specimenl

© @

specimen2

<=

Fig. 2. Examples for caricaturistic operations. In the center of the inner

square the reference model is depicted. The remaining eight objects

|| © specimen3
in the inner square are examples of deviating specimen. The vertical

axis corresponds to property g which describes the actual shape of the ~ Fig. 3. lllustration of the caricature matrix. In the main diagonal the
iso-surface of the implicit function. The horizontal axis corresponds to  actual objects are shown in blue. Caricatures of the objects are drawn
the property s which describes the spatial extent of the iso-surface in x-  as black outlines. The rows of the matrix can be read as the caricatures
direction. The outer square shows the caricatures of the corresponding  of the object using the remaining objects as reference models.

inner square's objects.

The direct visualization of differences between the datasets is a

In the inner square of Figure 2 eight deviating objects (i.e., the speneore expressive option. Each dataset from a given collection can be
imen) are shown. In the center of this square the reference modeuged as the reference model for all remaining datasets. A collection
shown. The vertical axis corresponds to the propgrijich describes of n datasets leads t? caricaturistic visualizations. We call this set
the actual shape of the iso-surface of the implicit function. The homf images thearicature matrix In Figure 3 we illustrate the structure
zontal axis corresponds to the propestywhich describes the spatial of the caricature matrix. The main diagonal is depicting the specimen.
extent of the iso-surface idirection. The object in the lower left cor- Row i of the matrix shows all caricatures of the objéecising the re-
ner of the inner square for example has the property vajue®:8 and maining objects as reference models. Colujrof the matrix shows
g= 0:6. The propertiesy andg form the property vector space. Theall caricatures using objegtas the reference model. For example the
inner square corresponds to a subspace of the property vecta spzond row in Figure 3 (outlined in orange) shows all caricatures of
which contains all occurring objects. The outer square in Figuresbecimen two. The third column in Figure 3 (outlined in light green)
is the caricature space. The properties are exaggerated resultinghiows all caricatures which use the third specimen as reference model.
more distinctive visual representations of the objects. The objectTierefore the elemerf®; 3) of the matrix shows the caricature of the
the lower left corner of the inner square differs in both properties frospecimen 2 using the specimen 3 as the reference model. The carica-
the reference model. Its visual representation is still close to the vistate matrix is not necessarily meant to be completely shown to the user
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at once. It is a concept requiring further visualization and exploration We use this vector eld to exaggerate the observed deformation.
techniques. While the average of datasets is distorted by outliers We rst compute a Delaunay triangulation of the unstructured points
caricature matrix depicts the direct comparison of all datasets to eaxfhinterest. This enables us to interpolate a vector for each position on
other. Therefore we expect the caricature matrix to be more robust.the image plane. The user of the system controls only the exaggeration
parameter which determines the interactive deformation of a textured
6 CARICATURISTIC VISUALIZATION - APPLICATION SCENAR- grid. The deformed grid is textured either with the original picture
10S of the deformed facade or with a more sparse representation of the
For a proof of concept for caricaturistic visualization we implementeihage. For the sparser representation we chose an image showing only
three different systems. The system described in Section 6.1 is an &g edges of the deformed facade image. We automatically derive this
proach to visualize differences in images of deformed facadesl- It fdmage through an edge detector. The sparse edge image is overlaid
lows a fully automatic feature speci cation approach. In Section 6.2ento the original image. Both examples are shown in the right column
system for visualizing differences in volumetric datasets is describef.Figure 4.
The feature speci cation in this system follows a user driven approach.
In Section 6.3 a system for the speci c case of CT angiography data® Caricaturistic Volume Visualization
described. For the speci cation of features a semi automatic appro
was implemented. The aim of the implementation is to explore t
abilities of caricaturistic visualization in different scienti c areas an
to demonstrate the applicability of the caricaturistic visualization cort?
cept on a variety of datasets. In Section 7 the results of the differ
systems are presented.

e implemented a system for the generation of caricaturistic volume
dllsualizations. To achieve a caricaturistic visualization the user has to
ecify a certain number of features in the reference model ane-corr
onding features in the datasets of interest. Once the corresponding

eature pairs are speci ed, the exaggeration function provides aréeatu
vector for each value of the exaggeration paraméterhis exagger-
6.1 Caricaturistic Facade Deformation ated feature vector is mapped to a visual representation. Caricaturistic

The deformation of facades can be monitored by taking picturesV;;?ualizati(.)n is not restricted to a speci c visual representation. The
different points in time. These images are compared in order to nef(aggeratmn of features can be mapped to sparse representations su

deformations that might require human intervention to guarantee [@(%ncsoglﬁ?gslsgllIn?)?]’atﬂ2LCr?aege:uor|te}gg-ss,uerf‘Z.(,:eosr t'(l)'hdeenismevsisu
safety of the building. The subtle deformations are dif cult to observ polyg ’ P

and therefore usually statistically evaluated. Caricaturistic visualiZgPresentations also vary in the degree of abstraction and range from

tion can enhance the subtle differences to make them clearly visibl ery tangible representations like iso-surfaces to high-level abstrac-

We tested our approach with simulated data from geodesists wh &8s S.UChI as explanﬁtory g;fyphs or automﬁtlcaflly fplaced CaptI.OI’lS..
they use to develop statistics for classifying facade deformations. In'Ve implemented three different approaches for feature speci cation
and investigated different visual representations which widely vary in

the level of sparseness. For each approach we describe the feature
design and the visual representation used to generate the result images.
The rst approach (Section 6.2.1) augments direct volume rengerin
with NURBS surfaces in order to depict an exaggerated shape of the
underlying feature. The second approach (Section 6.2.2) takesé¢he u
0 speci ed features to deform the volume of the specimen. This results
R S in a more distinct visualization of the speci ed features.

. . t t .
reference facade . cancature 6.2.1 Caricature by Visual Augmentation

to i Our caricaturistic visualization system provides the user with an inter-
face for feature speci cation. The user has to specify correspgndin
features in the reference model and in the specimen datasets respec-

unstructured tively. The features used in our implementation consist of the follow-
vectorfield ing properties: the position, a major axis, and a minor axis. These
properties implicitly de ne a local feature coordinate system. Further,

the feature is de ned by the spatial extent in the axis directions of the

local coordinate system. These properties are speci ed and manipu-
deformed faade caricature overlay lated directly by the user. An additional property is derived automat-
ically once the user has speci ed the other properties. This property
describes the normal distance between the feature's major axis and
Fig. 4. Work ow for caricaturistic facade deformation. Lef t column: The & SP€Ci € iso-surface in the volumetric object. In Figure 5 the local
reference model is shown on top and the deformed facade is shown be- ~ coordinate system of the feature is shown. On the left hand side the
low. Two irregular point sets are computed from the input images. Mid- feature is shown in 3D. The blue circle in Figure 5 is the unit circle
dle column: lllustration of two point sets and the corresponding unstruc-  IN @ plane perpendicular to the major axis. is a parameter varying
tured vector eld. Right column: Two visual representation s of carica- along the major axis of the local coordinate system. In the example in
tures of the deformed facade. The upper caricature shows a deformed  Figure 5x; is set toxg. S(X; q) is the distance of point; on the ma-
grid textured with the original image. The lower caricature shows the  jor axis to the iso-surface in the directign g is the angular offset of
same deformed grid textured with an edge image. the ray to the minor axiss(x;; ) therefore corresponds to the normal
distance of the iso-surface to the major axis. On the right hand side
Figure 4 (left column) an image of the reference facade and of teéFigure 5 the feature is shown in the volume (illustrated in 2D). The
deformed facade is shown. The feature speci cation is done fully atgys in general intersect many iso-surfaces. In our current tyfo
tomatically. The Harris [10] and thedFstner [7] interest operators areimplementation the user can choose to either store the distance to the
applied to nd a set of relevant points in the reference image and ifst or to store the distance to the last intersection point. We discretize
the deformed image (see Figure 4 middle column). A matching algie parametens; andq in order to precompute the normal distance of
rithm is applied to nd corresponding pairs of points of interest in théhe iso-surface to the major axis. The granularity of the discretization
two images. Each pair of corresponding points speci es a deformean be adjusted by the user.
tion vector. The result of this procedure is an unstructured vector eld For the speci cation of a feature in volumetric space the user has
describing the deformation of the facade. to specify values for properties like position and spatial extent of the
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local coordinate systenmof feature in 3D P
X, ”
feature placedin S(Xg ,*)
s(Xg *) the volume (tq view)
XO -
/)7 . Qr axis
//70/- Z
Ay q‘}? U A
S \ visible part of olject
ézy
z unit circle in the feaure
coordinate system ® rayiso-surfaceintersecons
X
> > X

Fig. 5. lllustration of the feature local coordinate system. On the left hand side the feature is shown in 3D. The direction and extent of the major and
minor axis is speci ed by the user. The blue circle depicts a u nit circle in the plane perpendicular to the major axis. The parameter x; determines
the position of the plane along the major axis. In this example the parameter is set to Xp. S(Xo;q) is the distance of xp to the iso-surface in the
direction g, where q is the angular offset of the ray to the minor axis. s(x;, q) corresponds to the normal distance of the major axis to the iso-surface.
On the right hand side the feature is placed in the volume. The ray given by s(xo; Q) intersects the volumetric object at two positions.

ray
Q ®-%-® - o= -% - o——>

viewing direction

visible part of olject

@ fayiso-surface . midpoint between two
intersedons iso-sufaceintersedions

Fig. 6. Speci cation of a position in volumetric space. A ray is cast
in the viewing direction intersecting the iso-surfaces of the volumetric
object at several locations. Regions of homogeneous color in the gure
correspond to regions of homogeneous visibility. The ray iso-surface
intersections and the midpoints between two consecutive intersection
points are candidates for the speci ed position.

ate the normal distance of the major axis to the iso-surface according
to Equation 3. The exaggerated distances are taken to compute a set of
control points. The control points de ne NURBS patches and NURBS
curves. An example afaricature by augmentatiocan be seen in Fig-

ure 9.

6.2.2 Caricature by Volume Deformation

Caricature by volume deformation is an approach based on the defor-
mation of the volume during ray casting. Our approach is similar to
the approach of Lerios et al. [13] who describe a technique for inter-
polating two volumetric models. In our method we extrapolate from
the volumetric model through exaggerations in the feature coordinate
system. This results in a volume deformation driven by the charac-
teristics of the volume dataset. We describe the approach rst for one
feature and later extend it to an arbitrary number of features.

feature coordinate system f

of reference mod warped sample location

sample
location

major axis. Therefore it is necessary to provide a method for specify-
ing a position in three dimensional space. By clicking on the image
plane the user selects a ray in the viewing direction. The ray is inter-
sected with the iso-surfaces of the volumetric object. In Figure 6 the
ray intersects the iso-surfaces of the object at several positions. The
user decides if the chosen ray speci es a point at the hit iso-surface,
or a point in the middle between two consecutive iso-surface intersec-
tions. This approach allows the placement of a feature in the middle
of a homogeneous region or directly on the iso-surface. This spacial
positioning of a point enables a wide variety of feature speci cation
methods. In our approach the user sets the position of the featurergs 7. Warping of a sample location. The feature coordinate system
well as the direction and the spatial extent of the major axis by twd the specimen dataset f%is exaggerated according to the feature co-
consecutive mouse-clicks. The rst click speci es the position and therdinate system of the reference model f resulting in the exaggerated
second click the remaining properties. The extent of the two remainingprdinate system % Each sample is warped from %o 2 The density
axes as well as their direction can be immediately manipulated by tfalue is derived by transforming the warped sample into volume space.
user. When the local feature coordinate system is speci ed the normal

feature coordipate system f' exaggerated feature
of the specimen coordinate system f”

caricature

distance to the major axis is derived automatically.

Features are speci ed as described in Section 6.2.1. Each corre-

As visual representation for the caricature we chose NURBS cungonding pair of features is de ned by their local coordinate systems.
and NURBS patches that are displaced from each other. We exagd®uring ray casting we warp the exaggerated feature coordinate system
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Fig. 8. Caricaturistic visualization of a facade deformation. The image of the deformed facade is overlaid by the caricatures. The exaggeration
parameter is increased from left to right.

back to the original position of the feature's local coordinate systergions. This is achieved by rst rendering the dense set of strokes into a
The idea is sketched in Figure 7. color buffer and into a depth texture. This depth texture is used during
The volume deformation is determined by the feature coordinatelume rendering for the termination of the rays. All strokes behind
system of the reference modehnd by the feature coordinate systenppaque parts of the volume are occluded. As an overlay a sparde set o
of the specimens datasé? First the exaggerated feature coordinatstrokes is rendered sketching the shape of the caricature in occluded
systemf%s computed according to Equation 3. In Figure 7 the thre@gions. Examples afaricaturistic angiography visualizatiorean be
different feature coordinate systems are shown. We implementegeen in Figure 11.
ray tracing approach where each sample position is transformed into
the exaggerated feature coordinate syst@fhThe coordinates of the 7 RESULTS
;Snét?%?t;}ltzgoié?ngzggrz;i?efriag;rfhgosoijrceilcr?reﬁgns.yﬁ_tﬁgwVe;?ptlggnsgvrﬁr dresultg were obtained _in s_hort_ interact?ve ses_sions. The fea-
coordinates are nally transformed back into volume space to acce elosnp:: ! d%iﬂocr;raéni ;Bg +V'stli1ﬂ“;aéggc:?cr§;gégaégl'_ﬁivﬁ?] gg:‘mg
the density value needed for ray-casting. The resulting caricature

the object is illustrated as an orange outline in Figure 7. Followin ggneofrgi, Eég rt::]ete\:gg?gﬁ d_lf_egzrm aﬁOTJ:I?t?/ri(r):;heV\ils rléi?j:nlaod\,\{ nqgggtgt
the approach described by Lerios et al. [13], we extend our aplproa{Esecond ) gng 9
to more than one feature. We de ne a weighting function for each™_. : . - . . .
feature which is inversely proportional to the squared distance from t eFlgure 8 shows a caricaturistic facade deformation as d_escrlbed In
sample position to the position of the exaggerated feature. This allo gc_tlon_6.1. The deformation is exaggerated and oyerlald over th_e
a local control of the volume deformation speci ed by each featuré’.”g'rlal image of the d(_aformed facade. The exaggeration parameter is
The above described warping calculation is done for each feature. T r_eased from left to rlght. . . . .
nal density value for an arbitrary sample is computed as the weighted F19ure 9 shows a caricature by visual augmentation as described in
sum of all resulting density values. Examplesaficature by volume >€ction 6.2.1. On the left of Figure 9 a sh of the spedresypterus
deformationcan be seen in Figure 10. senegaluss shown. Itis used as reference model for the caricaturistic
visualization of the carp dataset shown in the middle of Figure 9. The
carp is augmented with NURBS surfaces which depict the exagger-
ated shape of the hollow space in the carp's interior. The right image
For the speci c case of angiography data we implemented an approaghrigure 9 shows a caricature of the carp's shape. Both caricatures
that caricaturizes the radius of blood vessels. Different vesseldreesare derived using the feature speci cation approach described in Sec
compared to each other and subject to caricaturistic visualization. Tien 6.2.1. For each of the caricatures a feature is placed in the refer-
hierarchical structure of a vessel tree is given as a tree of segmertie model as well as in the specimen. For the caricature in the middle
Each segment except the rst one has exactly one predecessor s¥drigure 9 the feature is placed in the hollow space of the shes. Rays
ment and can have several successor segments. In order toreompee cast perpendicular to the major axis of the feature. The rstray iso
two different vessel trees the hierarchical structures of the trees mssrface intersection is used for the estimation of the diameter. For the
correspond. The radius and the direction of the centerline are givenrgght image of Figure 9 the feature is placed inside the shes from the
discrete points along the centerline of the vessel. This informationtigad to the caudal n. For the estimation of the shape rays are cast
derived in a semi-automatic process described in the work of Kanitgzerpendicular to the major axis where the last iso-surface intersection
et al. [12]. To compare the radii along two segments we normalitestored.
the length of the segments to obtain corresponding values. With thesén Figure 10 an example of a caricaturistic volume deformation
corresponding values we exaggerate the radius and map it to a visgadci ed by two feature pairs is shown. The features are speci ed
representation for the caricature. As visual representation we udle srt@describe the extent and rotation of the nose and the right ear. The
strokes placed at the boundaries of the exaggerated vessels. two depicted datasets where used as reference models for each other.
In order to control occlusions of the vessel tree from different view- In Figure 11 results of the caricaturistic angiography visualization
points we use a ghosting technique. The opacity of the volumedse shown. On the left of Figure 11 a caricaturistic angiography vi-
reduced in front of the vessel tree to a user de ned value between zeualization is depicted. The vessel tree in green is augmented with
and one. Zero corresponds to full occlusion of the vessel tree whideack strokes representing the caricature. A ghosting technique was
one results in a full cut-out view on the vessel. We achieve this ghosised to show the vessel in regions where it is behind the opaque bone.
ing by rst rendering spheres along the vessels into a depth textufiéhe caricature is sketched more sparsely (as dashed line) where it is
This depth texture is used during volume rendering to determine tbecluded resembling the style of occluded objects in illustrations.
entry points of the rays. On the right of Figure 11 a caricature matrix for three different
Further, the user can control the sparseness of the placed strokésod vessel trees is shown. Each vessel tree is presented together
Occluded regions are automatically drawn sparser as non occludedwith a close-up of the loweaarteria femoralis The images in the main

6.3 Caricaturistic Angiography Visualization
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Fig. 9. Caricaturistic visualization of a carp. Left: reference model, Middle: direct volume rendering of a specimen augmented with a caricature of

the diameter of its gas bladder. Right: caricature of the carp's shape.

diagonal show the three different vessel trees.

@) (b)

(©) (d)

Fig. 10. A caricaturistic volume deformation. In (a) and (c) iso-surface
renderings of the two datasets are shown. In (b) a caricature by volume
deformation is shown using (c) as reference model. In (d) a caricature
of (c) is shown using the features of (a) as reference model.

8 CONCLUSION AND FUTURE WORK

Caricatures exaggerate feature deviations between a specimen a
reference model. These deviations are the characteristics of the s
ci ¢ specimen. Caricatures depict the essence of a subject of inter
The caricature metaphor seems well suitable for visualization sin
caricatures have many goals in common with visualization. We pre-

e

feature speci cation is subject to further research. Further, we will
analyze the usefulness of inter property exaggerations for visualiza-
tion. This paper proposes caricaturistic principles for usage in visu-
alization. While we motivated the approach through several different
applications, a more formal and quantitative evaluation still has to be
done.
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