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Figure 1: Using multiple non-linearwidgetsto compae featuleson ahumanpelvis. (a) Theunwrap widgetis r stusedto placethe two
acetalulum cavitiesin the sameviews. Next, we add a sh-eye widget to the left cavity to aid the comparison(1,289,814faces,49,989
vertices).(b) Placingtwo sh-eyewidgets,onefor ead joint in the pelvis.

Abstract

Viewing datasamplel oncomplicatedgeometrysuchasa helix or
atorus,is hardbecause singlecameraview canonly encompass
a partof the object. Either multiple views or non-linearprojection
canbeusedto exposemoreof theobjectin asingleview, however,
specifyingsuchviews is challengingbecausef the large number
of parameterénvolved. We shav thata small setof versatilewid-
getscan be usedto quickly and simply specify a wide variety of
suchviews. Thesewidgetsarebuilt ontop of a generaframework
thatin turnencapsulateavariety of complicateccamerglacement
issuesinto a morenaturalsetof parametersmakingthe speci ca-
tion of new widgets,or combiningmultiple widgets,simpler This
framawork is entirely view-basedandleavesintactthe underlying
geometryof the datasetmakingit applicableto a wide rangeof
datatypes.

CR Categories: 1.3.3 [Computing Methodologies]: Computer
Graphics—Picture/Imag@enerationéwing algorithms;

1 Introduction

Oneadwantageof computes is thatwe caninteractwith, anddis-
play, complex models. To date,linear projectionis the mostcom-
mon methodfor producing2D imagesof 3D models. However,
linear projectionhasits limitations [Glassner2004] — while it is
a good approximationof the humanvisual system.,it can be dif-
cult to nd the “best” view of a model, or even to seecertain
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featuresof a modelin a single view. Traditional artigs suchas
M.C. Eschey David Hockney and Picassaealizedthis, anddelib-

eratelyintroduceddistortionsof perspectie in their work in order
to createartistic effects, mood changesandto control the com-
positionof a scene.The perspectie distortionintroducedin these
examplesstill relied on traditionallinear perspecte, but only lo-

cally. Singh[Singh2002]referredto thesedistortedperspecties as
“non-linearperspecties”, andshavedthatcomputersanproduce
similar distortions.

From a conceptuaktand-point,non-linearor multiple perspectie
imagesarebuilt by blendingtwo (or more)local linear perspecties
together Oftenanimagehassomenotionof a“global” perspectie,
with the local perspecties de ned as changedo this global one.
This globalperspectie helpsto provide the userwith someideaof
the 3D arrangementdf the elementf thescene.

From animplementatiorstand-pointherearetwo aspectgo pro-
ducing non-linearperspecties. The rst is the cameramodel or
mathematicsisedto producethem,the seconds how the userin-
teractswith the cameramodel[Brosz et al. 2007]. Most of the ex-
isting proposedcameramodek arevery generalandvery powerful
— but alsodif cult or time-consumingdor the userto use.

In this paperwe focuson makinginteractionvery simpleand easy
tradingversatility for usability We take atwo-tieredapproach At
thebottomis ageneral-purposamenork whichencapsulatefour
key ideas:Whatpartof themodelshouldbedisplayedhow should
its perspectie be altered,whereshouldit be displayedon the im-
age,andhow shouldthislocal perspectie interactwith otherexist-
ing ones. Above this we have de ned four speci ¢ widgetswhich
weremotivated,in part, by speci ¢ visualizationtasks(Figuresl
and 2).

Like mary approachesye specify the projectionby de ning a
globalviewpointwith localdistortions.Unlike existingapproaches,
our local distortionsare de ned so thatthey changeappropriately
asthe global viewpoint changegFigures3 and9). Thisis the key
to makinginteractize non-linearmprojections— the usercanstill in-
teractwith, andchangethe global view while keepingthe desired
local distortions.

Paperorganization:We startwith relatedwork. Next, we describe
the choicesbehindthe underlyingframewnork andthe four widgets
de ned ontop of it. We follow this with implementatiorspeci cs
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Figure 2: (a) Our goalis to exposeboththe bonelying within the yellowoval andthe contactpointsbetweerthebonesn theredoval. Note
that both of thesefeatuesare currently completelyoccluded. (b) We add two clipping widgetsin order to exposeall threebones. (c) To
magnify the contactpoint betweerthetwo boneswveadda sh-eyewidgetasa child widget of theclipping widget.

(theframework, theindividual widgets,andhow to combinemulti-
ple widgets).Finally, we closewith results.

1.1 Contrib utions

We presentseveral widgets,eachof which encapsulatea speci ¢
compositeprojectioninto a simple-to-usehut still e xible, inter
face. Thesewidgetscanbe combinedto createmore complicated
projections.Unlike mostnon-linearprojectionsystemsthe useris
free to changethe global view — the resultingcompositeview is
updatedn ameaningfulway.

Thewidgetspresentedherearebuilt ontop of areal-time,general,
non-linearperspectie renderingframevork. We denonstratethat
this framework easily supportsexisting projectionsby creatinga
sh-eye andmulti-perspectie panoramavidget.

2 Related Work

Non-linear perspecties and geometricaldeformationsare very

closelyrelatedin their effects, but differ in their implementation.
In general,view-basedapproachegan be appliedto almostary

datasetanddo not alterthatdataset. In contrastgeometricdefor

mationsare often tied to the underlyingmodelrepresentatioand
actuallyalterthemodel.

2.1 Deformations

Rademacheet al. [Rademachefl999] and Martin et al. [Marttin
et al. 2000] presentapproaches$or deforminggeometrybasedon
the obserer's position. Rademacheet al. [Rademacher1999]
blend a set of pre-de ned object-deformationsorrespondingo
a set of viewpoints closestto the currentviewpoint. Martin et
al. [Marttin et al. 2000] useobsererdependentontrol functions
to indiredly controlthetransformationgppled to the model. Our
approachs mostlik e thelatter, althoughour setof deformationss
very different.

Variousapproachesxists for interactive viewing of volume data
setsor geographicamaps[Takahashet al. 2002]. Thesemethods
deformthe underlyinggeometryof the datasetin orderto expose
interestingstructures([Bruckner and Groller 2005; Grimm et al.

2004; McGufn etal. 2003]). Thesedeformationsdependon the
currentview of the model so changingthe viewv of the modelre-

sultsin aninconsistentdeformation,or the usermustde ne a newv

deformation.

Yagel et al. [Kurzion and Yagel 1997] presentan alternatve

approachto deforming a model that consists of deformation
proxies or renderingagentswhich were inspired by traditional
object-deformatiorparadigms. Theserenderingagentsare view-

independentThatis, irregective of theview, the objectappearso

bedeformedn the sameway asit wasinitially de ned. Our defor

mationsaresimilar, exceptthatwe alsoguaranted¢hatthe selected
regionwill alwaysremainvisible to the viaver.

Carpendal¢Carpendalest al. 1997] developeda 3D techniquefor

“pushing” occludingobjectsout of the line of sightto reveal one
(or more) focus objects. Like our approach this deformationis

dependentiponthe vieving direction,sothe useris freeto change
theglobalview while keepingthefocusobjectsrevealed.

2.2 Non-linear perspectives

The eld of non-lineamperspectie camerass growing; arecentpa-
per[Broszetal. 2007] providesa good owerview of existing mod-
elsandshavs how mary of thesemodelscanbe describedisinga
view-basedfree-formdeformation We focushereon the subsebf
approachemostrelatedto our work.

Fish-g/e or othertypes[Yanget al. 2005] of lensesare extremely
useful for visualizationof information graphsand other applica-
tions. Magni cation lenseg§Wanget al. 2005; LaMar et al. 2001]
areonemethodof visualizingexpandedviews of volume-dataWe
includea widgetfor performingmagni cationsof speci c areasof
themodel.

An attractve methodfor de ning camerads to useimage-space
constraintgBlinn 1988;GleicherandWitkin 1992;Colemanretal.
2005]. Unfortunately it can be dif cult to control the camera
in this mannerbecausehe solver is not guaranteedo producea
meaningfulsolution. Instead,we turn to de ning speci c camera
changesvhich produceknown image-spacehangegSudarsanam
etal. 2005;Grimm andSingh2005].

Initial work on multi-projectiontechniquesocusedon rendering
individual objectsfrom differentview pointsand compositingthe
resultstogether[Agrawala et al. 2000; Grimm 2001]. This was
extendedto multiple cameraslteringa single,global view [Singh
2002] with techniquego maintainglobal scene coherencdCole-
manandSingh2004]. Thesearevery generalsystemsandrequire
a lot of userinput. We focusinsteadon creatinga limited setof
speci ¢ multi-projectionsthatarevery quick andeasyto de ne.

Multi-perspectie panoramasan be producedfrom either a 3D
model and a camerapath [Wood et al. 1997] or a set of im-
agegSzeliski1996;Agarwalaetal. 2006]. A panoramas realy a
specialkind of non-linearprojection.We shav how ourtoolkit can
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Figure 3: Showingthe left and right acetalulum cavitiesin oneimage usingthe unwrap widget. (a) User placesthe widgetin onecavity.
(b) Cavityis rotatedandplacedin the destinationarea (which is automaticallycalculated).(c) User changesthe global camen to bring the

othercavityinto view.

beusedto createpanoramagrom known 3D geometryanda setof
keyframes.

3 Approach

3.1 The framework

Non-linearperspectieshave traditionallybeende ned by specify-
ing severallocal perspectiesandblendingthemtogethefColeman
andSingh2004; Colemanet al. 2005; Yanget al. 2005] or by de-
forming an existing view [Brosz et al. 2007; Popesctet al. 2006;
Sudarsananet al. 2005]. Our framewvork combineselementsof
both approachedyut is modelandimage-basetihsteadof entirely
view-based— whatpartof themodeldoyouwantto display where
do you wantto displayit, how do you wantto changethe vieving
parametersandhow do you wantto blendthis view with existing
ones?Thekey thing to noteis thatour local views arede ned as
changesto the currentglobal view, sothatif the userchangeghe
globalview, thelocal views changen a meaningfulmanner

To de ne a widgetin this framewvork the widget mustde ne the
following four elements:

A 3D sourcevolume. Thisis theregion of 3D spacethe new
local camerawill affect.

A 2D destinationarea. This is the region of imagespacethe
3D sourcevolumewill beprojectednto.

A setof cameraparameterchangeghat distort the current
globalview into thedesiredocal perspectie.

A 3D blendregion, whichis a (possiblyempty)subsebf the
3D sourcevolume. Thelocal perspectie will beblendednto
theglobalonein thisarea.

The framework is responsiblefor blendingthe local perspecties
togetherbasedon the blend regions. The motivation behindthis
designis two-fold: First, individual widgetscan be de ned, and
usedjndependentlpf eachother andit is relatively simpleto build

compositewidgetsthatcommunicatehroughthe sourceanddesti-
nationareas(Section4.3). Secondthe usercanmanipulateboth
thewidgetandtheglobalview, andthelocal perspectie will adapt
accordingly

Finally, our framewvork makesno assumptiorregardingthe repre-
sentatiorof thedata. Theonly constrainwe requireis thatthedata
be suf ciently sampled.If, for example,meshesare usedto rep-

resentthe data,thenthetriangulationshouldbe sufciently dense.

For volumedata,the voxel sizeneedso be sufciently smallrela-
tive to theamountof deformation.

3.2 The widg ets

We have developedfour widgetsthateachencapsulataspecic as-
pectof anon-linearperspectie change The unwrap widgetallows

theuserto selecta portionof the modelandview it from aspeci ¢

direction, regardlessof the orientationof the global camera. The
clipping widgetallows the userto selecta portionof the modelthat
is occludedandpull it out of themodelsoit is nolongeroccluded.
In this casetheview directiontrackstheglobalonesothattheuser
canseeboththeinsideandthe outsideof the objectfrom the same
direction. The sh-eye and panormamawidgetsare versionsof the
familiar sh-eye zoomandmulti-perspectie panorama.

4 Implementation

Theframenork takesin a 3D modelandmapsit to theimageplane
by mappingeachvertex * independently A vertex's imageplane
locationis a blendedcombinationof the widgetsthat operatein
thatareaand,possibly the global camera.More speci cally, each
widgetde nesanareaof in uence andalocal camera.

4.1 The framework

We rst discusswhat eachwidget needsto de ne, thenhow the
frameawork usesthis informationto projecta vertex.

Eachwidget must de ne the sourcevolume and the region over
which its local camerashouldbe blendedwith the global one. To
allow the framework to performthe blending,eachwidgetde nes
afundionw : R® | [0;1] thattakesin a point Q andreturnsa
numberbetweenzero (not in the sourcevolume)and one(in the
sourcevolume).

For the destinationarea, the widget de nes a 3D boundingbox
aroundits region of interestand a desiredcenterand sizein the
imageplane. The framavork automaticallyadjuststhe centerof
projectionand zoom of the widget's local cameraso that the 3D
boundingbox s projectednto the destinatiorarea.

Finally, the widgetmustde ne alocal cameraC(Q) : R® ! R?
to usefor projectingthe vertices. This camerais de ned in terms
of changeso theglobalcameraG : R® ! R2.

Usingthesethreeelementsthe framework projects a vertex using
thefollowing equation:

X X
PQ = @ W (Q)G(Q) +  wk(Q)Ck(Q) (1)

k=1 k=1

1if we aredoingvolumerenderinghisis thegrid verticesof thevolume.
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Figure 4: Thismug(5382vertices,10768faces) hasa knoton theinsideaswell asa knotin thehandle (a) Placingtheclip widget around
theinterior knot. We includea wireframeimage to showtheinsideknot. (b) Asthe global camea rotatesthelocal view of theinternal knot
rotatesin the sameway; allowing comparisorbetweerthe two knots. Thedestinationpositionis recalculatedor each frame

If the sumof the weight functionswy is greaterthanonethenwe
normalizeby dividing eachweightby the sumof the weights. We
do not normalizeif the sumis lessthanone becauseve wantto
blendwith the global camera.Note thatif thereis only onelocal
camerathen this equationreduca to blendingbetweenthe local
cameraandthe globalonebasednw, asexpected.

As an aside, we could blendthe individual cameraparameters
and then project the vertex using this blendedcamera. While
this method might be consideredthe “correct” one, it is time-
consuming. We found that Equationl is a good approximation
whichworkswell in practice.Essentiallywe areblendingbetween
locationsin the 3D projectionvolume insteadof blendingthe pa-
rameterghatde ne the projectionvolume.

4.1.1 Source volumes and blend region

To simplify the speci cation of the sourcevolumesandblendre-
gionswe de ne a default fall-off functionthattakes asnputthree
parameterstin , rout, and O, representinghe inside and outside
radii andcenterof the volume. The fall-off functionreturnsoneif

thepointis insidetheinnersphereandfadesto zerooutsideof the
outersphere.

o) = &1y (2)
<1 iiQ Oji < rin

wQ = . g(*&=Em) rn kQ Ok rour (3)
0 kQ Ok> rout

By default, ri, is setto 0:8royt. This strikesa balancebetween
creatinga smoothblendand minimizing the amountof the model
thatis renderedlistorted[Zanellaet al. 2002]. Decreasingi, in-

creaseshe sizeandvisual smoothnessf the transitionregion, but

alsodecreasetheamountof themodelthatis mappedwith justthe

local camera.

4.1.2 Destination area

The frameavork canautomattally calculatea zoomand centerof-
projectionchangeto move andre-sizethe destinationarea. Each
widget suppliesa 3D boundingbox B that senes asa proxy for
the sourcevolume,anda currentcameraprojectionC. Beforead-
justmentthedestinatiorareais the 2D boundingboxaroundC(B),
i.e.,the3D boundingbox projededto thescreerusingC. Thecur
rent2D boundingbox canbemovedandre-sizedo thedesiredone
usinga centerof-projection(COP)andfocal lengthchange.

Let (vx;Vvy) be the vectorfrom the currentboundingbox to the
desiredone. To shift the box, we add(vy; vy) to C's currentCOR
The focal length adjustments determinedusing similar triangles
andthe 3D boundingbox [Grimm andSingh2005].

4.2 The widg ets
4.2.1 The unwrap widg et

Theunwrapwidgetaddressethe problemof trying to seetwo sides
of a modelat the sametime (seeFigures3 and9). Although this
can always be acconplishedusing two images,it canbe hardto
mentallyintegratewherethe two featuresare spatially Using the
unwrapwidget, the usercan x onefeatures view point thenin-
teractizely 2 move the globalview pointto bring the otheroneinto
view. Thisinteractionhelpsto establistthe spatialrelationshipbe-
tweenthetwo featureswhile still viewing themfrom “good” angles.

To specifythe sourcevolumetheuserplacesa sphericaBD widget
aroundthe areaof interest. This widget hashandlesfor control-
ling the 3D positionandscale(rou ) of the selectedvolume. The
surfacenormal closestto the centerof the widget de nes the de-
fault orientationof the widget (Figure9); this canbe overriddenif
desired.

Thefall-off functionis calculatecasde nedin theprevioussection.
Thelocal camerads constructedrom the globaloneby rotatingthe
view pointto look down outward-pointingdirectionof the unwrap
widget.

Our goal is to automaticallyplace the selectedregion in screen
spacesothattheit doesnot overlapthe model— notethattheuser
canoverridethis defaultif desired.We rst calculatewhat partof
thescreemn is currentlyoccupiedby themodel. Thisis foundby
projectingthe model's 3D boundingbox usingthe global camera.
We next determindf the projectedsourcevolumep, liesto theleft
or right of the centerof p, . We pushp, outof pm in thisdirection,
thenscalep, (if necessary3othatit ts onthescreen.

It is possiblethatthereis not enoughspacearoundpm for py. In

this case,the usercan either chooseto have the destinationarea
overlappm , or have the systemnd apan andscalefor the global

cameraha ensureghatp, doesnotoccupy morethan2=3 of the
horizontalscreerspace.

4.2.2 The clipping widg et

Sometimeghereare internal structuresn a modelwhich are not
visible from ary direction.Lik e atraditionalcut-avay, theclipping
widget supportsviewing thesestructureswithout the intervening
geometry;unlike the traditional approachthe vieving anglefol-
lows the global view, makingit easyto seeboththeinsideandthe
outsidefrom avariety of views.

Theuserspeci esthe sourcevolumeusinga boundingbox, which
they scaleandplaceinsidethe model(Figure4(a)). In this widget

2Thisinteractuity is dif cult to corvey with staticimagespleaseseethe
video.
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thefall-off regionis empty— theverticesareeitherprojectedwith
theglobalcameraor thedefaultone(insidethe boundingbox). The
defaultcamerds identicalto theglobalone,exceptthenearandfar
clipping planesareadjustedo enclosehe boundingbox.

The destinationareais calculatedas for the unwrapwidget, de-
scribedabore.

4.2.3 The sh-e ye widg et

The sh-eye widget (Figure 5) is representedy two concentric
sphereswhich representhe inner (rin ) andouter(rout) bound-
ariesof the sourceblend volume. Inside of the inner spherethe
modelis magni ed by afactorm, provided by theuser The desti-
nationareais the sameasthe original, i.e., thereshouldbe no pan
andzoom.

The camerachangecanbe accomplishecitherwith a focal length
f change(makesthe region bigger) or by panningthe camerain,

which alsointroducesa perspectie change.In the latter case the
COP mustbe adjustedso that the destinationareastaysthe same
(O is thecenterof the sh-eyewidget,C0 is the cameraprojection
afterpanning):

0

Eye
coP’

Eye+ Look(f (1:0 1:0=m)) (4)
CoP + (C(0) c’(0)) (5)

4.2.4 Panorama

Theuserde nesapanoramay providing a setof keyframes,sim-
ilar in spirit to Wood et. al. [Wood et al. 1997]. Becauseour
panoramaapproachis basedon blendinggeometry and not im-
ages,we can supportkeyframeswith substantiacamerachanges
(seeFigure7). Our panoramas alsovery similarto the viev-based
approachof Singh[Singh2002].

Unlike the previous widgets,the panoramawidget producesmul-

tiple sourcevolumes,local camerasanddestinatiorareaspnefor

eachkeyframe. The sourcevolumesarecreatedoy partitioningthe

modelup amongstthe differentkeyframes,andblendingbetween
thepartitions.

The sourcevolumesare createdby assigningeachvertex in the
modelto the camerahatit is “closest”to. For eachcamerdak, cast
a ray from the eye throughthe middle of the Im planeand nd
the rst intersectiorpoint Py with the model. For eachvertex, nd
the point Py thatit is closestto andassignit to thatcamera.The
clusterdfor thefacepanoramaanbeseenin Figure7(b).

Notethatin image-basedenderingapproacheg is morecommon
to usethe dot productbetweenthe surface normal and the viev

Keyframe 1 b) Without the octusion chek
RN
1
! 1
A4
°
Vertices of right wing inorrectly allccated to
Keyframe 2 keyframe 1, resulting inmisgng right wing
"W
° ! 1
! 1
\\ _ 7

a) Input keyframes ¢) With the occlu®n chek

Figure 6: (a) Thetwo input keyframes.Theright wingis occluded
in keyframel but notin keyframe?2. (b) Theright wing is closer
to the centerof camen 1's ROI thancamen 2's, soit is initially

assignedo camea 1, which resultsin a missingright wing. (c)

After cheding for occlusiontheright wing is correctly assignedo
camen 2 andappeasin the nal panomama.

directionto determinecameraassignmentHowever, in generathe
surfacenormalof our modelstendsto vary alot, which resultsin a
large numberof small,isolatedregions. This is why we do not use
this approach.

While our approachdoestendto producelarge,connectedegions,

it is possiblefor verticesthatarevisible in oneview to incorrectly
beassignedo a differentview wherethey areoccluded(Figure6).

This occurssince our metric for clusteringverticesdoesnot take

into accountthe visibility of avertex. To x this problem,we can
incorporatean occlusiontest. Createanid buffer for eachcamera,
andonly assigna vertex to thatcameraf it is visible.

The weight function wy (Q) for eachkeyframeis constructecby
nding apairof cameraghatthepointQ lies betweerandde ning
rout asthedistancebetweerthosecamera. If thereis no suchpair
of canmerasthenw (Q) is setto onefor the camerak thatQ was

assignedo; all otherweightsaresetto zero.

To determing'between”,let Ex andPy betheeye pointandcenter
point of the cameraassignedo Q. Let P; be the centerpoint of
anothercameralf < Q Py;Pi Py > is positive, thenQ lies
betweerP; andPy. We take the closestsuchkeyframeandde ne
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Figure 7: Usingnine (a) andtwo (d) keyframesto createa panolamathat “unfolds” theface(7256vertices,14271faces)acrosstheimage
plane (a) lllustratesthreeof the ninekeyframesusedto generte(c). (b) Showshemeshcolored bywhich camen theverticesbelongto. (c)

The nal panoama.(d) Usingonly two keyframes.

wi andw; asfollows:

rout = kP Pxk=2 (6)

ln = Tout =2 @)

d = § Q Pu;Pi Pk > =(2rout) (8)
< 1 d< rin

we(Q) = . 9GEm—) rin d rou ©)
0 > Tout

wiQ = 1 w(Q) (20)

(11)

andall othercameraweightsfor Q aresetto zero.

To nd thedestinationareas,rst nd theaverageC, of all of the
keyframesby averagingtheir parametersProjectall of the Py by
Ca to de ne the destinationcentersfor eachcamerathe sizesare
left unchanged.Moving thesepositionschangeshe spanof the
panoramdFigurel1l).

4.3 Multiple widg ets

The framewvork makes it simple to combinesingle widgets into
more complex ones(seeFiguresl, 2 and 10). We de ne three
typesof relationshipthatcanexist betweermultiple widgetsplaced
in adataset: Independentparent-child andchained.Therelation-
ship determineshow the widgetscommunicate particularly with
regardsto thedestinatiorarea.While placingthe widgets,theuser
can specify one of theserelationshipswith “independent’being
thedefault choice.

Independent widgets: This is the simplestcase,wheremultiple
widgetsare placedin a sceneindependentlyof eachother Each
widgethasits own region of in uence, whichmayor maynotover-
lap with another We computethe destinationareaindependently
for eachwidget as per the approachoutlinedin the previous sec-
tions. If thedestinatiorareagmapto the samesideof theobjectthe
systemwill arrangahe2D boundingboxesverticallyasin Figurel.

Parent-child widgets: In this case widgetsare usuallyembedded
spatially within one anothey so that the child's sourcevolumeis
containedwithin the parents. For example,a child sh-eye widget
couldbe embeddedvithin a parentunwrapwidgetfor magnifying
partof anunwrappedegion. Whenthe userselectsucharelation-
ship, the frameawvork passeghe parent's local camerato the child
widgetinsteadof the globalone. Thus,the sh-eye widget's cam-
erais createdusingthe rotatedcameraof the unwrapwidget. The
child's destinatiorareais alsosetto bethe parents.

Chained widgets In this case,multiple widgets (usually of the

sametype) arestrungtogether Chainingwidgetsis usefulin order
to specfy acomplicaedpieceof geometryor to preventafold-over

of geometry Whenmultiple widgetsarechainedtogetherthenthe

calculationof the destinationareafollows the standardapproach
only for the rst widgetin the sequenceThe centerof-projection
(or zoom) is then propagted down the chain. Thus, the after

projectionparametersf successie widgetsarecomputedwith re-

spectto earlierwidgetsin the chain. This is doneso that widgets
appeassequentiallyon thescreen.

Foldover of geometry. Foldover or self-intersectiorof geometry
occurswhenthe differencebetweerthe default cameraandthe lo-
cal camerais large. In sucha case,differentfacesin the transi-
tion region overlaponeanotheresultingin self-intersection the
transitionregion. No amountof blendingcan prevent this if the
two views arereally disparate The solutionis for the userto place
additionalsmallerwidgetsthatindividually resultin fold-over free
transformationsThesesmallerwidgetsexhibit a chaindependence
on eachother

4.4 Adding additional widg et types

To add an additional widget to the framework the implementor
needsto createthe widget itself and a function which takes in

thestandarccamergparametergposition,orientation focal length,
centerof-projection)and produceghe new, local cameraparame-
ters. The systemwill, by default, usethe 3D boundingbox con-
tainingthewidgetto specifythe sourcevolume(ri, ) andtheinitial

projecteddestinatiorarea.All of thesedefaultscanbe over-ridden.

4.5 GPU Implementation details

The calculationof the sourcevolume, destnation areasandlocal
camerasare performedon the GPU. The actualmovementof the
verticesis implementecn the GPU asa vertex program.Thever-

tex programtakesin the weights,local cameramatrices,and the
globalcameramatrix. It outputstheblendedoutputlocation(Equa-
tion 1) andthe vertex positionand normal projectedwith just the
globalcameramatrix. Thelatteris usedto performlighting.

TheGPU(GeForceGo 6400)implementations substantiallyfaster
thana pure CPU (1.73GhzPentiumM processorpne,runningat
0.78framespersecondatherthanover 130 seconddor the pelvis
modelwith onewidget. The renderingtime is dependenbn the
numberof widgetsand verticesbut is independenbf the type of
widgetsintroducedn thescene.
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Figure 8: (a) Sevenoftheelevenkeyframesusedto geneatea panoamaof thegargoyle(129722vertices 259440faces).(b) Thepanomama

colored bycamea cluster (c) The nal panoama.
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Figure 9: (a) Theuserplacesthe unwrap widget on the area of interestto de ne the sourcevolume (b) Theview directionis automatically
setto bethe surfacenormaldirection. (c) An animationshowinghowthe selectedareais “unwrapped” into the destinationarea (red box),
which is automaticallyde ned. (d) Theuserchangesthe global camer. Thedestinationarea automaticallyswitchessidesas the global

camen rotates.

5 Results and remarks

The unwrapwidgetis demonstratedn Figuresl, 3,and 9. For
the rst two gures we shav framesof the unwrapanimationfol-
lowed by a rotation of the global camera. The third gure shavs
theunwrapwidgetcombinedwith two sh-eye widgets.

The clipping widget s illustratedin Figures2 and 4. In the rst
example,a sh-eye widgetwasaddedto magnifythe contactpoint
of thebones.In the secondexamplewe rotatethe globalcameran
orderto view bothknotsfrom all directions.

We shaw four panoramamagesiwo of theface(Figure7), and one
eachof the cow (Figure11) andgargoyle (Figure8). For theface
we shav onepanoramauilt from ninekey frames thesecondwith
only two keyframesthatarefairly disparate.

As the numberof widgetsaddedinto the sceneincreasesit be-
comesmore dif cult to specify how they interact. With a large
numberof widgets,it alsobecomesardto perceve theunderlying
structureof the datasetandthe usefulnesf the nal non-linear
projectionis reduced. We have found that four independentvid-
getson a large model (suchasthe humanpelvis) is aboutall that
canreasonablyeused.

For the unwrapwidgetit is anopenquestionaboutwhetheror not

adistortion,versuswo separateiews, helpswith maintainingspa-
tial context. The unwrgp widgetattemptso limit thedistortedarea
to partsof the modelwhich are outsideof the areasof interestto

reduceincorrectspatialcues. Like non-linearmagni cationin 2D

imagestheareathatis distorteds fairly apparentiuringanimation,
i.e., whenthetool or view is moving, but lesssowhenthe image
is still. Providing aneffective cuefor highlightingwherethe defor

mationis andtheamountof “bend” [Zanellaetal. 2002]mighthelp
to reduceconfusion.

6 Conclusion

We have presentea e xible, general-purpostamevork for build-

ing non-linearprojectionsof datasets. Multiple widgetscan be
combinedeasilyin real-timeto allow viewing of several features
within a singleview. We illustratethe e xibility of our framevork

by adaptingt to createpanoramiosiews.
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