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Abstract —Volume rendered imagery often includes a barrage of 3D information like shape, appearance and topology of complex
structures, and it thus quickly overwhelms the user. In particular, when focusing on a speci c region a user cannot obser ve the
relationship between various structures unless he has a mental picture of the entire data. In this paper we present ClearView, a
GPU-based, interactive framework for texture-based volume ray-casting that allows users which do not have the visualization skills
for this mental exercise to quickly obtain a picture of the data in a very intuitive and user-friendly way. ClearView is designed to
enable the user to focus on particular areas in the data while preserving context information without visual clutter. ClearView does
not require additional feature volumes as it derives any features in the data from image information only. A simple point-and-click
interface enables the user to interactively highlight structures in the data. ClearView provides an easy to use interface to complex
volumetric data as it only uses transparency in combination with a few speci ¢ shaders to convey focus and context inform ation.

Index Terms —Focus & Context, GPU rendering, volume raycasting.
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1 INTRODUCTION

The necessity to provide additional context informatiorewkommu-
nicating the exact shape and position of inner organs waaayrdis-
covered centuries ago by artists aiming for intuitive armatcssketches.
At that time anatomic drawings were entirely new. Withouditidnal

visual cues people would not have recognized what they welerig

at. Over the centuries the paradigm of presenting both aleltie-

gion and a surrounding context has not changed much. Weyatill
most information about unknown data not by seeing all infation

at once, but by looking at a carefully ltered fraction of thata set,
usually referred to as the focus, embedded into some otpectsf

the data, mostly conveying positional cues, called theeednAmong
the plethora of examples demonstrating the usefulness nfmeale
focus+context approaches are the anatomic sketches ohbialgee
Figure 1) as well as the technical illustrations of our tireg(re 3).

The major insight behind all these examples has always been t

same: Abstraction is the key to condense the informatiohdmdata set
to a level that allows quick and intuitive understandingra@axically,
it turns out that the condensed result often reveals morerirdtion
than a whole view of the data.

Today we face similar challenges as artists 500 years agbwst
are trying to understand complex shapes and to visually aomuate
relevant features to help viewers relating these featuwreéhe entire
data. This problem is further aggravated by the fact thaatheunt
of information available today has sheerly exploded dutimg last
decades. At the same time it has become possible to intexbcti
visualize large and highly detailed volumetric data setsoweler,
volume rendered imagery often includes a barrage of 3D nndion
like shape and appearance of complex structures, and igtiakly
overwhelms the viewer. In particular, when focusing on acspe
region a viewer cannot understand the relationship betweeinus
structures, unless he has a mental picture of the entire sgatay
navigating around and observing the component parts. Marysu
of interactive volume rendering software do not have thauireqg
visualization skills for this mental exercise, and manyeothare not
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Fig. 1. Already Leonardo DaVinci [7] followed the focus+context paradigm to
convey relative positions of inner organs and muscles in the human body.

willing to invest the time and effort. The result is that agaportion
of users have dif culties in understanding non-trivial datets and in
nding what they are looking for in those data sets. Consetjye
there is a dire need for novel techniques that can suppors irs¢his
task which are intuitive and simple enough to be acceptedactice.

In this paper we preseflearView an interactive and intuitive vol-
ume visualization tool that provides the user with a simgl@@ration
metaphor. Following traditional technical illustrationseveral 3D
layers of volumetric data sets are extracted using textased ray-
casting. They are composed to produce high-quality imagésgh
frame rates. The user guides the exploration process bynmakie
hotspot, a lens-like yet distortion free region, in whicldigidnal lay-
ers of the data set are augmented to convey relevant feaftrepro-
posed GPU system exploits feature-based techniques t@waphe
understanding of complex 3D data sets, and it utilizes intzged
deferred shading to maximize performandelearViewdoes not re-
quire any additional feature volumes, making the methothblé for
the interactive rendering of high-resolution data setsememnt GPUs.
Several shaders to intuitively convey material and shappepties are
integrated into the system. To keep the user interface siity, few
parameters abstract from the technical realization. Tlee sisnply
positions the hotspot on the data set and selects an amotnansf
parency to continuously blend between focus and conteatrimdition.



Fig. 2. The ClearView system can be used to visually explore complex data sets at interactive frame rates by using a focus+context metaphor. Even the leftmost image
of the 5128 visible human data set with multiple iso-surfaces was generated at about 15 fps on a 800x600 viewport.

2 RELATED WORK

Psychological studies indicate that humans process irftom per-
ceived as a single visual event intuitively, while the cdigei under-
standing of distinct events, such as multiple images, reguinuch
greater effort [11, 26]. The focus+context paradigm selelts to com-
bine multiple aspects of the data into a single visual evgradsign-
ing portions of one image to different aspects of the dat@ Jdneral
idea to emphasize certain aspects of the data in an intuitase is
also the basis of many non-photorealistic rendering (NBE)riques
[13]. Consequently, NPR has been applied to both volumeeramgl
[25, 16, 17, 10, 28, 24, 31] and focus+context techniquessnal-
ization [32]. In the following we will shortly summarize prieus ap-
proaches.

2.1 Distortion Lenses

Early work on automated focus+context originated from thechto
visualize vast amounts of information using the limitedcgpaf 2D
screens. Depending on the type of data to be displayedrefiffeneth-
ods have been proposed. Shaw et al. [30] used a lens metaplter t
and visualize scattered, high-dimensional informatior fultiple
2D Layers, Bier et al. [1] suggested tfieolglassinterface also sup-
porting lenses. For single-layered 2D data, several teciesi seek-
ing to assign more screen space to important regions wegestegl
[22]. The generalization to handle 3D data requires somerteiff
order to ensure an unobstructed line of sight to the focusHd{ vol-
ume rendering however, even if the focus is clearly visibt-linear
distortions in combination with fuzzy, semi-transpareniictures are

focus. Cignoni et al. [5] used a 3MagicSphereo de ne the focus
for triangle models and to guide appropriate remeshing. tRk@ifo-
cus+context reconstruction of iso-surface, a similar ephevas later
used by Westermann et al. [37]. Lee et al. proposed to nd an op
mum view based on saliency [21]. Weiler et al. [35] impligitised

a focus+context technique by gradually decreasing thdugso of
volumetric data with increasing distance to the cameraelizaRopin-
ski et al. [29] applied focus+context techniques to selbdetlers for
seismic data sets.

2.4 Context-Preserving Volume Rendering

Recently, several authors have recognized the need formeolu
visualization to perform abstaction beyond the estabtistig-plane
rendering. Interrante et al. [17, 16] suggested to augmemti-s
transparent iso-surfaces using curvature-directed esrodnd 3D
Line Integral Convolution, which provides the user withuitive
cues about the shape of these surfaces. Viola et al. [33estep)
importance driven volume rendering highlight interesting structures
in volume data. Starting with a pre-segmented volume, a séma
importance value is applied to the segments, which afféws nal
image. Bruckner et al. [3] suggested a whole toolbox of aatim
illustration methods to efciently provide the user withsights
about volumetric data. Bruckner et al. [2] also propasmtext
preserving volume rendering fully automated illustration technique
trying to detect interesting structures in volume data gisirsophis-
ticated, high dimensional, data-dependent transfer fomctMost of
these approaches provide the user only with indirect cbiofréhe

potentially counter-intuitive. Nevertheless, distontienses have been screen-space location of the focus by global and/or daperutéent

applied to 3D volume rendering successfully [20, 15, 3438jme un-
resolved issues remain, though. For instance, it is not lgetr ¢f a
transition region [34] around the lens helps the user to tgtded the
data set, since it deforms the context [15]. In medical agfibns the
distortions associated with lenses might only be accepialdelected
cases.

2.2 Cutaway lllustrations

In cutaway illustrations a selective view on important dsta the in-
terior of an object is provided by omitting extraneous dstaoncep-
tually these illustrations cut away parts of the outer halhg simple
geometries such as clip planes or simple, convex objeatsilaBito 3D
lenses, special care has to be taken in order to provide drstrnoted
view through the cut onto the inner structures, making imaagsed
methods appealing. For polygonal models, the GPU-basedoaet
by Diepstraten et al. [9, 8] are promising, but were not galieed to
volume data. Weiskopf et al. [36] performed GPU-acceleraigp-
ping for volumes with arbitrary clip geometry. McGruf n et.g27]
proposed an interactive system to browse pre-classi eesistaces
in volume data by deforming them according to simple anditixgu
metaphors.

2.3 Multiresolution focus+context

Naturally the user is most interested in the focus regionijenthe
context is needed only to provide positional cures. Consetly) var-
ious multi-resolution techniques have been proposed ngtgain a
speedup by reducing the resolution in the context regiohalso to
point out a particular feature in still images. Levoy et &3] cou-
pled an early eye tracking device with a volume renderer lecséhe

parameters.

The remainder of this paper is organized as follows. In $a@iwe
provide an overview of our approach. Then, in Section 3.1esedbe
the procedure of extracting 3D focus and context layerdudtieg
positional and normal information. The compositing passcdbed
in Section 3.2 blends these layers together based on userddpa-
rameters. This section also adresses the various rendandgs and
shaders available i@learView Section 4 presents results and timings
to demonstrate the interactivity of our approach. Finalg,conclude
and discuss some directions for future research in Section 5

3 CLEARVIEW

ClearViewis designed with respect to the user's needs by providing an
interactive and intuitive means for focus+context-basquazation of
large volume data sets. One of the key requirements is taritigt
enable a less experienced user to explore complex volumditia
sets without extensive training and preliminary knowled§the data.
Therefore we have based our visualization modes on edtatligch-
niques, often used in man-made illustrations (see Figur&&manti-
cally such illustrations are composed of two segments: dload re-
gion - in case of the camera in Figure 3 this is the digitalwire
and the context region - the camera body in this image. Inrttages
shown, the context region is faded out using transparencgveal
the inner focus region. At the same time characteristicspafrtthe
context are visualized to accommodate better understgrafirspa-
tial relationships between structures in the data. Frorsetlexamples
the following building blocks for generating technical éms-context
illustrations can be deduced:



Fig. 3. Technical lllustration of Acura NSX and a Kodak digital Camera, Images courtesy of Kevin Hulsey lllustration, Inc.

Context: the images contain one or maemi-transparenton-
text layers.

Focus the images contain one or maspaquefocus layers.

Shading important featuresn the context layers are empha-
sized to indicate the spatial context into which the focugame
is embedded.

Compositing: the transparency of non-important regions in th
context layers is increased to reveal the opaque focusdayer

In the following section we explain the techniques devetbpe
ClearViewto generate focus+context-based volume rendered imag
taking into account the aforementioned paradigms. We asshat a
segmented volume data set, or the data set and a set of ises\val
given. Each context layer either consists of an iso-surfacespond-
ing to a user-de ned iso-value or a user-selected segmeiticansists
of all structures in front of the focus layer that is closesttte viewer.

Fig. 4. This image compares the two different types of context layers surface only
(left) and surface plus volume (right).

In this way not only surfaces, but also volumetric strucsteehibiting
a certain thickness can be displayed to provide context. @xeom-
ples demonstrating the different types of context layeppetted by
ClearVieware shown in Figure 4.

The information in every layer is generated using GPU-baséd
ume ray-casting [19], where the user selects the matewglgpties of
each layer. Since we are only interested in rendering isiaces (or a
relatively thin layer of structures in front of an iso-swi#g, ray-casting
can bene t extremely from early-ray termination implermeghvia the
early-z test on recent GPUs.

The entire image is generated in two stages. In the rst stage
context and focus layers are rendered, while in the secauy# shese
layers are composed into the nal image. During the compuagit
stage image-based, deferred shaders are applied to earhtdagn-
hance features or to suppress non-relevant structures.

3.1 Context and focus extraction

To render a context layer we distinguish between surfacevahone
layers. If the user selects an iso-value greater than zersohsurface
corresponding to this value is rendered. Only the objeatespasition
of the rst ray-surface intersection with this iso-surfaisekept and

stored in a oating point render target, i.e. in a geometragae. If

the iso-value selected is equal to zero, all matter up to tsecontext
or focus surface is accumulated using alpha-compositingrding to

the user-de ned transfer function. Instead of point copadies, accu-
mulated color values are now stored in the render target.

After all context layers have been rendered, as many texagéay-
ers have been generated and stored on the GPU. In the upcoening
dering pas<learViewgenerates a normal for every texel in a surface
layer. This is done by using the coordinates stored in theective

fexture map as texture coordinates into the volume textrhis po-

sition the volumetric gradient is approximated by centifecences
along the object coordinate axes. Note that this pass -wgtheight
fetches are performed - is still very ef cient as it can effeely take

%ravantage of texture caches on the GPU.

curv=|A|+|B|+|C|+|D|

Fig. 5. Curvature estimation: The left image illustrates the normal at a surface
pixel and at its four neighbors. To estimate the curvature (right) the sum of dis-
tances from the center normal to all adjacent normals is computed.

Ina nal pass, for every texel in a surface lay@learViewcomputes
a curvature measure similar to the umbrella operator onmetiserian-
gular meshes [18]. At each texel the summed distances betreigh-
boring surface normals are computed. This results in vatlese to
zero in regions of low normal variation and large values otlige (see
Figure 5). Since this operation is performed in image spaicgyrface
silhouettes pixels containing no normal information carctesidered
in the curvature estimate. However, as all render targetsnétially
set to zero a very high curvature value is computed. Thisifeawill
later be used to highlight object silhouettes in the conleers.

The rendering pipeline for context surface layers is ilatgd in
Figure 6. If more than one context surface is selected by $ke the
algorithm is invoked multiple times. In each pass the posgistored
in the current texture are used as starting points for thecaagyer. It
is the users responsibility to ensure that structures in-thecontext
layer are behind the structures in the layersil td with respect to the
viewing direction. If structures contained in differenydas intersect
each other the correct blending of these structures is revagteed.

Figure 7 shows the different textures generated duringsarayer
extraction for a particular example. Texels of a volume fagee
treated similarly by applying an image-based high-passr to en-
hance regions exhibiting high color gradients thus hidftliig het-
erogeneous material. The rendering pipeline to generaieus flayer
is exactly the same as the one used to generate a contexteslayar.

3.2 Compositing

The compositor blends all the different textures generdteithg con-
text and focus extraction. It takes into account a user-dé focus
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Fig. 6. Schematic overview of the surface- (top) and volume rendering (bottom)
pipelines used to generate context layers as it is implemented in ClearView.

point, a focus region, curvature-based importance messaral dif-

ferent rendering shaders. The focus point correspondsetsdieen-
space position of the mouse cursor projected onto the ¢ldsess

layer. This is simply the coordinate of the respective téxehe cor-

responding position texture. The user can also change zkeofithe

spherical region around this 3D position in which the cohteforma-

tion fades out from one to zero (focus point). The importameasure
controls the visibility of the context layers within the fe regions
via transparency modulation. Finally the user can selechfa num-

ber of pre-de ned shaders the one that yields the most apiatep
results. Actually we have implemented four different shiaderhich

will be explained in Sections 3.2.5to 3.2.7, but additicstedders can
be added with ease.

Fig. 7. These images shows the position, normal, and curvature textures, as well
as a nal image including a focus layer.

In the following we will discuss the particular importanceasures

pointC, the size of the focus regiaand the surface positidhwithin
the data set, the transparency is computed as

trans= 1 saturate max ;curvatureg P)

iC Pj
S

wheresaturateclamps its parameter {0::: 1]. Especially when used
for technical and anatomical visualizations this impocEameasure
gives excellent results, and it was thus chosen to be theldefaasure
in ClearView In particular compared to a clip region this approach
gives signi cantly better results as it reveals the focuthatsame time
indicating the spatial context surrounding the structimdéscus. Such
a comparison is shown in Figure 8.

Fig. 8. The left image shows ClearView's curvature-based importance shader.
Skin and bone are selected as context and the dental enamel is in focus. It is
obviously clear that by using a clip geometry, as shown in the right, a similar
context preserving visualization of the bones can hardly be achieved.

3.2.2 Distance-based importance

Instead of using the curvature-based importance measisreften of

interest to visualize how close two structures are to eabbrotThe
distance-based importance measure computes the distamette

context surface to the focus surface in the direction of ttvetext

normal (see left of Figure 9). This render mode is motivatgdhe

observation that context surfaces running in parallel ardidse prox-
imity to the focus surface often convey no vital informatiwhereas
context surfaces with a diverging normal often relate toartgmt fea-
tures. Finally, context structures further away from argutelement
- regardless of their normal - have a lowered probability afloding

important focus structures and are thus being drawn opa@juesing

the identi ers from above the transparency is computed as

trans= 1 saturate max

jiC Pj .
! S J;normaIDlstanc(a-P)

This importance measurement is often useful for technitdihaed-
ical analysis as well as for pre-operative planning or s$tnecopti-
mization, since proximities are effectively emphasizedhe Tntegra-
tion of such a distance-based measure into the ray-caspipgpach
is straight forward. It only requires one additional reridgmpass that
starts the rays at the surface points stored in the positxture and
traverses these rays into the direction of the respectimaalan the
normal texture.

3.2.3 View-distance-based importance

we have integrated int€learView Technically the importance mea- The view-distance-based importance measure computesrahs- t

sures control the transparency of structures in the datee tHe chal-
lenge is tcautomaticallyandinteractively nd out what exactly is "im-
portant” and what can be neglected.

3.2.1 Curvature-based importance

parency of a structure in a very similar way as the distaraset mea-
sure. In contrast, instead of computing the distance fragrctintext
surface to the focus surface into the direction of the nortinaldis-

tance into the view-direction is computed (see right of Fég®). This

seemingly minor change has two important implications. ndne

As can be seen in Figure 3 artists often use the shape andtioupar hand it simpli es the computation. As the intersection pgsibetween
lar sharp features of the context layer as an importanceureags- the rays of sight and the context and focus surfaces aredglte@wn
pecially areas exhibiting high curvature are necessarpotwey the for a given view, the computation of the distance into thewitrec-
global shape of the object [17]. Therefore our rstimportarshader tion does not require an additional rendering pass. Moreoitapt
uses the curvature directly to modify transparency. Givenfocus to the user is the visual effect of this render mode. As canibtayn
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Fig. 9. This image shows the difference between the distance-based (left) and
the view-distance-based (right) importance measure.

seen in Figure 10, this particular importance measure séermile
the bone structure in a "fog of context” providing the usethvan in-
tuitive depth cue. It is particularly useful if the user wamd focus
on close-to-surface structures. In the example shownpeaascy is
computed as

iC Pj
s

trans= 1 saturate max

;jsurfF(P)  surfC(P)j

3.2.5 Diffuse lllumination

The simplest shader in our system evaluates just deferffedeliight-

ing. Normals are evaluated as described before and are osealt
uate the diffuse dot product between normal and light divsactAn
ambient term is added based on the user's preferences. Bylgef
ClearViewpositions the light at the camera. The reason is that this in
general yields best contrast. Another bene cial effect @firciding
light and view direction is that enhancement of silhouetmsies for
free, since zero-crossings of the dot product between vighnarmal

are usually identi ed as silhouettes.

3.2.6 Cool to Warm Shading

Based on the observation that in nature objects facing theseicol-
ored in a warm tone, while shadows have a bluish hue due tesoagt
effects, Gooch et al. [12] mandated the use of cool to warrdiagdor
technical illustrations. This method keeps relative luanice constant,
resolving the problem of low contrast in very dark and verglhtrar-
eas. InClearViewsuch shading is accomplished by storing the cool
to warm shades in a 1D texture. A lookup using the diffusetiigh
contribution as a texture coordinate is then performedetiythe nal
color.

3.2.7 Skin And Bone

Though diffuse illumination or cool to warm shading yieldtiopum
contrast and resolve the object's shape well, the resduiltirages may
still not be fully intuitive. The reason is that the humanibraot

wheresurfF andsurfCdenote the extracted focus and context surfacegnly interprets an object's shape, but also texture and niahtgppear-

respectively.

Fig. 10. In this image the view-distance-based measure (left) is used to focus
only on the structures close to skin. The right image shows the curvature-based
measure applied to the same data set.

3.2.4 Focus Border
To enhance the border of the focus region, and thus to gualei¢v

of the user,ClearViewallows to draw a border aligned to the con

text surface. To achieve this effect the compositor usesligtanced

Fig. 11. The tooth and Cgo molecule data sets are shown with and without the
focus border.

of each surface point in the position texture to the focusipGi It
decreases the luminance of those pixels in the focus layestiach

holds: d 2 [0:95 s;s], wheres denotes the size of the focus region.
This idea is essentially equivalent to intersecting a splaeound the
focus center with the surface. As can be seen in Figure 1llethis

tension is particularly useful in still images, as it atteathe user's
attention to the focus region even more.

ance. Skin and bone are readily recognized and qualitiehékd or
soft,warmare immediately associated. However, the scattering pro-
cesses that eventually lead to the nal appearance of dahaterials

are extremely involved and complex. Luckily, very simpleagxi-
mations are suf cient to provide the brain with enough evicke to
recognize the depicted material as skin or bone, resultirigtuitive
images.

We provide two simple and fast empirical shaders for skintzore.
Both are based on a single 1D lookup table (LUT) that mapgitigh
contributions to colors. For performing the lookup, selevaights
A; B;C; D are computed. In the following denotes the light direction,
N the normal and/ the view direction at a certain pixel. All vectors
are normalized to unit length.

Apone= 05 L N+ 0.5
Bpone=0:7 03 L V
Chone= Bpone (0:5 05 V N)

Apone re ects the amount of diffuse light receivedBygne is an
intermediate estimate of how much light is coming from bdhin
"the object, andCygne cOmbinesByone With a silhouette weight. A
weighted average of\,one and Cpone Can then be used to fetch the
nal color from the LUT. In both shaders, a brightening ofrslette
edges serves as a very rough approximation to subsurfatiersug
of light behind the object, improving contrast and plaugipi For
bone, a single lookup at the positisaturaté0:6Apgnet 0:5Chone IS
performed, no additional specular or ambient componentakiated.

For the skin shader, one lookup into the same texture is peeo
for each of the diffuse, specular, and silhouette companeAddi-
tional weights are computed, wheeeflect(a; b) denotes the vecta
re ected about.

Akin= 0:5 L N+ 0:45
Bskin=06 04 L V
B, = saturatgreflect(V;N) L)*



Fig. 12. From left to right: Diffuse lighting, cool to warm shading, bone, and skin shader, along with the LUT used. Bone corresponds to a different iso-value.

Cskin= 0:5 Bgkin B+ 0:5
Dskin= 0:9 saturatél:0 N V)3

Askin thru Csin have the same interpretation as for the bone shader
but nowCgyin is based on a more specular term. The new paramete

Dskin is used to model an additional highlight at the silhouetté®en,
the three fetches into the LUT are performed.

Colorgist = LUT (Askin)
Colorgige=(1:0 N V) LUT(Cgkin)
Colory; = LUT(Dskin)

To accommodate for the red-shift in shadows that can be erte
in real skin due to subsurface scattering through blooddseeFigure
12, rightmost image), we further modulate the diffuse calompo-
nentColorgjs s towards red ifAq i, 0:5. The nal color is a weighted
average of the above three contributions, using the inteiateB?,
expanded togb as a specular term.

Colorfina = 0:8 Cgiff + 0:25 Csige+ 0:15 Cpi + 0:1 By,

In all of these techniques, shadows can help to make thetsestén
more believable, especially for the purpose of stillimadés shaders
described here are illustrated in Figure 12

4 RESULTS AND DISCUSSION

In the following we present some results of our algorithnt ae give
timings for different parts of it. All test were run on a siegirocessor

Fig. 14. Thorax/abdomen segment of the visible human male CT scan.

position and color, or focus position and size, alreadyaetéd layers
can be re-used. In this case only the image-based shadingoamd
positing stage is executed. This provides the user withapiwisual
feedback needed for interactive data exploration, whilehatsame
time offering full control over the focus region. For a 80086view-
port, the aforementioned shading and compositing stageriged out
at roughly 1700 fps, while still maintaining highly intetae 300 fps
when increasing the resolution of the viewport to 1600x1aD@!Is.
Compositing three instead of two layers reduces the peefoom by
approximately 15%. Itis interesting to note that this isependent of
whether an iso-surface or a volume layer is extracted. lleiara¢hat
these timings are independent on the data-set being \dsdaland
only depend on the image resolution as well as the numbelyefda
to be combined.

Layer extraction is only executed when the user changesather@
position or layer-speci ¢ properties. The extraction obaingle layer
runs at about 30 fps on the low and 7 fps on the high resolutien-v
port. While the performance of the compositing stage is peaeent

Pentium 4 2.8 GHz equipped with an ATl X1800 XT GPU with 512%f the structure of the data set, these timings can vary deenjaty-

MB local video memory.

Fig. 13. This image shows ClearView's application to a triangle mesh.

space skipping or early ray-termination. For a thoroughbudision of
these performance impacts we refer the reader to [19], wtheran-
derlying GPU ray-casting algorithm is discussed in detsslmultiple
layers can be extracted in one single volume rendering paasiting
the layer information into multiple render targets, thedita generate
images is about 21 fps for the 800x600 viewport and about ®fps
the 1600x1200 viewport.

5 CONCLUSION AND FUTURE WORK

We presentedClearView an intuitive and interactive focus+context
visualization method. II€learView the user controls the appearance
of the nal visualization using only a few, clearly de ned aneters

One advantage &learViewis that it is not restricted to volumetric such as the size and location of the focus, a weight for theeggrand

data sets, since it consists of two stages: the extractagesind the

color/material properties for the regions. Consequentlyextensive

image-based shading and compositing stage. Hence anyradtele training is required for users to successfully use the syst@ecause

representation, such as point-based structures, or keiamgshes can

ClearViewallows for interaction with the focus+context parameters

be used. Figures 13, 15, and 16 show show a selection ofediffer at several hundred fps even for large viewports, users atbefu

data-sets being explored wi@learView

To demonstrate the effectiveness @earViewwe have used the

supported by rapid visual feedback.

512 thorax-abdomen-segment data set from the visible humaa mal Since we believe thaElearViewis a very useful tool for the rapid

CT scan (see Figure 14). Two different surface layers anaebed
and visualized to reveal focus and context information.

generation of high-quality visualizations, we would likeextend the
system further in various ways. In this work, we discussetith

When changing parameters that only affect the appearantteeof sualization of volumetric, optionally pre-segmented datathe fu-

structures being extracted, such as as material propestiaders, light

ture we would like to evaluate how multi-modal data ts intetsys-



tem. We would expect that using different modalities sucasand [16]
MRI scans for different layers will convey important struiets that
cannot be found from visualizing either one of the modalitdone.

As ClearViewonly depends omenderable primitiveswhich can be [17]
points, volumes, polyhedral surfaces etc., the restriatioccombining

only volumetric data is void. Furthermore, since the regpiifeatures [18]
are extracted on-the- y, we do not need additional featata dets, al-
lowing to investigate more compact, renderable data reptagons to
cope with today's and tomorrow's gigantic data sets. To destrate (19]
the potential that lies within this exible input data inface, we al- [20]
ready rendered triangular meshes (see Figure 13) GewyView and

we would like to further extend the palette of accepted iffptnats. 21]
Parallelizing the system also seems to be very promisingrtder the
gig.antic, potentialIy.time-.resolv.ed data sgt.s.emergitgyeas a rgsult 22]
of improved numerical simulation capabilities. A triviahnalleliza-

tion would just extract focus and context layers on sepa@fbes. A
more promising approach would be to further parallelizedkizac- [23]
tion of each layer. Either image-space or object-spacétipaihg of

the data is possible, since layers are extracted with fuditpmal in-  [24]
formation and can be composed taking occlusion into accobot
time-resolved data, additional research is needed as dtishvious

how the focus+context paradigm is best generalized to @éafizences. [25]
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Fig. 15. This image shows the Engine data set rendered with one focus and one context iso-surface, and the stag beetle data set with a volume rendered focus.

Fig. 16. In this image of the backpack data set the focus region covers the the entire image. To the right, the focus on the knee data set was set to highlight the joint
between tibia and femur.



