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a) Placing an unwrap and a fish-eye widget b) Placing two fish-eye widgets

Figure 1: Using multiple non-linearwidgetsto compare featureson a humanpelvis. (a) Theunwrap widget is �r st used to placethe two
acetabulum 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 each joint in thepelvis.

Abstract

Viewing datasampled oncomplicatedgeometry, suchasa helix or
a torus,is hardbecausea singlecameraview canonly encompass
a partof theobject. Eithermultiple views or non-linearprojection
canbeusedto exposemoreof theobjectin asingleview, however,
specifyingsuchviews is challengingbecauseof the large number
of parametersinvolved. We show thata smallsetof versatilewid-
getscanbe usedto quickly andsimply specifya wide variety of
suchviews. Thesewidgetsarebuilt on top of a generalframework
thatin turnencapsulatesavarietyof complicatedcameraplacement
issuesinto a morenaturalsetof parameters,makingthespeci�ca-
tion of new widgets,or combiningmultiple widgets,simpler. This
framework is entirely view-basedandleavesintact the underlying
geometryof the dataset,making it applicableto a wide rangeof
datatypes.

CR Categories: I.3.3 [ComputingMethodologies]: Computer
Graphics—Picture/ImageGenerationViewing algorithms;

1 Intr oduction

Oneadvantageof computers is thatwe caninteractwith, anddis-
play, complex models.To date,linearprojectionis themostcom-
mon methodfor producing2D imagesof 3D models. However,
linear projectionhasits limitations [Glassner2004] — while it is
a goodapproximationof the humanvisual system,it canbe dif-
�cult to �nd the “best” view of a model, or even to seecertain
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featuresof a model in a single view. Traditional artists suchas
M.C. Escher, David Hockney andPicassorealizedthis, anddelib-
eratelyintroduceddistortionsof perspective in their work in order
to createartistic effects, mood changes,and to control the com-
positionof a scene.Theperspective distortionintroducedin these
examplesstill relied on traditional linear perspective, but only lo-
cally. Singh[Singh2002]referredto thesedistortedperspectives as
“non-linearperspectives”,andshowedthatcomputerscanproduce
similar distortions.

From a conceptualstand-point,non-linearor multiple perspective
imagesarebuilt by blendingtwo (or more)local linear perspectives
together. Oftenanimagehassomenotionof a“global” perspective,
with the local perspectivesde�ned aschangesto this global one.
This globalperspective helpsto provide theuserwith someideaof
the3D arrangementof theelementsof thescene.

From an implementationstand-pointtherearetwo aspectsto pro-
ducing non-linearperspectives. The �rst is the cameramodel or
mathematicsusedto producethem,thesecondis how theuserin-
teractswith thecameramodel[Broszet al. 2007]. Most of theex-
isting proposedcameramodels arevery generalandvery powerful
— but alsodif�cult or time-consumingfor theuserto use.

In this paperwe focuson makinginteractionvery simpleand easy,
tradingversatility for usability. We take atwo-tieredapproach.At
thebottomis ageneral-purposeframework whichencapsulatesfour
key ideas:Whatpartof themodelshouldbedisplayed,how should
its perspective bealtered,whereshouldit bedisplayedon the im-
age,andhow shouldthis localperspective interactwith otherexist-
ing ones.Above this we have de�ned four speci�c widgetswhich
weremotivated,in part, by speci�c visualizationtasks(Figures1
and 2).

Like many approaches,we specify the projection by de�ning a
globalviewpointwith localdistortions.Unlike existingapproaches,
our local distortionsarede�ned so that they changeappropriately
astheglobalviewpoint changes(Figures3 and9). This is thekey
to makinginteractivenon-linearprojections— theusercanstill in-
teractwith, andchange,theglobalview while keepingthedesired
localdistortions.

Paperorganization:We startwith relatedwork. Next, we describe
thechoicesbehindtheunderlyingframework andthefour widgets
de�ned on top of it. We follow this with implementationspeci�cs
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Figure2: (a) Our goal is to exposeboththebonelying within theyellowoval andthecontactpointsbetweenthebonesin theredoval. Note
that both of thesefeaturesare currently completelyoccluded. (b) We add two clipping widgets in order to exposeall threebones. (c) To
magnify thecontactpointbetweenthetwobonesweadda �sh-eyewidgetasa child widgetof theclippingwidget.

(theframework, theindividualwidgets,andhow to combinemulti-
plewidgets).Finally, weclosewith results.

1.1 Contrib utions

We presentseveralwidgets,eachof which encapsulatesa speci�c
compositeprojectioninto a simple-to-use,but still �e xible, inter-
face. Thesewidgetscanbe combinedto createmorecomplicated
projections.Unlike mostnon-linearprojectionsystems,theuseris
free to changethe global view — the resultingcompositeview is
updatedin ameaningfulway.

Thewidgetspresentedherearebuilt on top of a real-time,general,
non-linearperspective renderingframework. We demonstratethat
this framework easily supportsexisting projectionsby creatinga
�sh-eyeandmulti-perspectivepanoramawidget.

2 Related Work

Non-linear perspectives and geometricaldeformationsare very
closely relatedin their effects,but differ in their implementation.
In general,view-basedapproachescan be appliedto almostany
datasetanddo not alterthatdataset. In contrast,geometricdefor-
mationsareoften tied to the underlyingmodelrepresentationand
actuallyalterthemodel.

2.1 Deformations

Rademacheret al. [Rademacher1999] andMartin et al. [Marttin
et al. 2000] presentapproachesfor deforminggeometrybasedon
the observer's position. Rademacheret al. [Rademacher1999]
blend a set of pre-de�ned object-deformationscorrespondingto
a set of viewpoints closestto the current viewpoint. Martin et
al. [Marttin et al. 2000] useobserver-dependentcontrol functions
to indirectly control thetransformationsapplied to themodel.Our
approachis mostlike thelatter, althoughour setof deformationsis
verydifferent.

Variousapproachesexists for interactive viewing of volume data
setsor geographicalmaps[Takahashiet al. 2002]. Thesemethods
deformtheunderlyinggeometryof thedatasetin orderto expose
interestingstructures([Bruckner and Gröller 2005; Grimm et al.
2004; McGuf�n et al. 2003]). Thesedeformationsdependon the
currentview of the modelso changingthe view of the model re-
sultsin an inconsistentdeformation,or theusermustde�ne a new
deformation.

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

approachto deforming a model that consists of deformation
proxies or renderingagentswhich were inspired by traditional
object-deformationparadigms.Theserenderingagentsareview-
independent.Thatis, irrespective of theview, theobjectappearsto
bedeformedin thesameway asit wasinitially de�ned. Our defor-
mationsaresimilar, exceptthatwe alsoguaranteethattheselected
regionwill alwaysremainvisible to the viewer.

Carpendale[Carpendaleet al. 1997]developeda 3D techniquefor
“pushing” occludingobjectsout of the line of sight to reveal one
(or more) focus objects. Like our approach,this deformationis
dependentuponthe viewing direction,sotheuseris freeto change
theglobalview while keepingthefocusobjectsrevealed.

2.2 Non-linear perspectives

The�eld of non-linearperspectivecamerasis growing; arecentpa-
per [Broszet al. 2007]providesa good overview of existing mod-
elsandshows how many of thesemodelscanbedescribedusinga
view-based,free-formdeformation.We focushereon thesubsetof
approachesmostrelatedto ourwork.

Fish-eye or othertypes[Yanget al. 2005] of lensesareextremely
useful for visualizationof information graphsand other applica-
tions. Magni�cation lenses[Wanget al. 2005;LaMaret al. 2001]
areonemethodof visualizingexpandedviews of volume-data.We
includea widgetfor performingmagni�cationsof speci�c areasof
themodel.

An attractive methodfor de�ning camerasis to useimage-space
constraints[Blinn 1988;GleicherandWitkin 1992;Colemanet al.
2005]. Unfortunately, it can be dif�cult to control the camera
in this mannerbecausethe solver is not guaranteedto producea
meaningfulsolution. Instead,we turn to de�ning speci�c camera
changeswhich produceknown image-spacechanges[Sudarsanam
etal. 2005;Grimm andSingh2005].

Initial work on multi-projectiontechniquesfocusedon rendering
individual objectsfrom differentview pointsandcompositingthe
resultstogether[Agrawala et al. 2000; Grimm 2001]. This was
extendedto multiple camerasalteringa single,globalview [Singh
2002] with techniquesto maintainglobal scene coherence[Cole-
manandSingh2004]. Thesearevery generalsystemsandrequire
a lot of userinput. We focus insteadon creatinga limited setof
speci�c multi-projectionsthatareveryquickandeasyto de�ne.

Multi-perspective panoramascan be producedfrom either a 3D
model and a camerapath [Wood et al. 1997] or a set of im-
ages[Szeliski1996;Agarwalaet al. 2006]. A panoramais really a
specialkind of non-linearprojection.Weshow how our toolkit can
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Figure 3: Showingthe left and right acetabulumcavitiesin oneimage usingtheunwrap widget. (a) Userplacesthewidget in onecavity.
(b) Cavityis rotatedandplacedin thedestinationarea(which is automaticallycalculated).(c) Userchangestheglobal camera to bring the
othercavityinto view.

beusedto createpanoramasfrom known 3D geometryanda setof
keyframes.

3 Appr oach

3.1 The frame work

Non-linearperspectiveshave traditionallybeende�ned by specify-
ing severallocalperspectivesandblendingthemtogether[Coleman
andSingh2004;Colemanet al. 2005;Yanget al. 2005]or by de-
forming an existing view [Brosz et al. 2007;Popescuet al. 2006;
Sudarsanamet al. 2005]. Our framework combineselementsof
bothapproaches,but is modelandimage-basedinsteadof entirely
view-based— whatpartof themodeldoyouwantto display, where
do you want to displayit, how do you want to changethe viewing
parameters,andhow do you want to blendthis view with existing
ones?The key thing to noteis that our local views arede�ned as
changesto the currentglobal view, so that if the userchangesthe
globalview, thelocal views changein ameaningfulmanner.

To de�ne a widget in this framework the widget must de�ne the
following four elements:

� A 3D sourcevolume.This is theregion of 3D spacethenew
local camerawill affect.

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

� A set of cameraparameterchangesthat distort the current
globalview into thedesiredlocalperspective.

� A 3D blendregion,which is a (possiblyempty)subsetof the
3D sourcevolume.Thelocalperspectivewill beblendedinto
theglobalonein thisarea.

The framework is responsiblefor blendingthe local perspectives
togetherbasedon the blend regions. The motivation behindthis
designis two-fold: First, individual widgetscan be de�ned, and
used,independentlyof eachother, andit is relatively simpleto build
compositewidgetsthatcommunicatethroughthesourceanddesti-
nationareas(Section4.3). Second,the usercanmanipulateboth
thewidgetandtheglobalview, andthelocalperspectivewill adapt
accordingly.

Finally, our framework makesno assumptionregardingthe repre-
sentationof thedata.Theonly constraintwerequireis thatthedata
be suf�ciently sampled. If, for example,meshesareusedto rep-
resentthedata,thenthetriangulationshouldbesuf�ciently dense.
For volumedata,thevoxel sizeneedsto besuf�ciently small rela-
tive to theamountof deformation.

3.2 The widg ets

Wehavedevelopedfour widgetsthateachencapsulateaspeci�c as-
pectof anon-linearperspectivechange.Theunwrapwidgetallows
theuserto selecta portionof themodelandview it from a speci�c
direction, regardlessof the orientationof the global camera.The
clippingwidgetallows theuserto selectaportionof themodelthat
is occludedandpull it out of themodelsoit is no longeroccluded.
In thiscase,theview directiontrackstheglobalonesothattheuser
canseeboththeinsideandtheoutsideof theobjectfrom thesame
direction. The �sh-eye andpanoramawidgetsareversionsof the
familiar �sh-eyezoomandmulti-perspectivepanorama.

4 Implementation

Theframework takesin a3D modelandmapsit to theimageplane
by mappingeachvertex 1 independently. A vertex's imageplane
location is a blendedcombinationof the widgets that operatein
thatareaand,possibly, theglobalcamera.More speci�cally, each
widgetde�nesanareaof in�uence anda local camera.

4.1 The frame work

We �rst discusswhat eachwidget needsto de�ne, then how the
framework usesthis informationto projectavertex.

Eachwidget must de�ne the sourcevolume and the region over
which its local camerashouldbe blendedwith the global one. To
allow the framework to performtheblending,eachwidgetde�nes
a function w : R 3 ! [0; 1] that takesin 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 size in the
imageplane. The framework automaticallyadjuststhe centerof
projectionandzoomof the widget's local cameraso that the 3D
boundingbox is projectedinto thedestinationarea.

Finally, thewidgetmustde�ne a local cameraC(Q) : R 3 ! R 2

to usefor projectingthe vertices.This camerais de�ned in terms
of changesto theglobalcameraG : R 3 ! R 2 .

Using thesethreeelements,the framework projectsa vertex using
thefollowing equation:

P (Q) = (1 �
nX

k =1

wk (Q))G(Q) +
nX

k =1

wk (Q)Ck (Q) (1)

1If wearedoingvolumerenderingthis is 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) Astheglobal camera rotatesthelocal view of theinternal knot
rotatesin thesameway, allowing comparisonbetweenthetwoknots.Thedestinationpositionis recalculatedfor each frame.

If thesumof theweight functionswk is greaterthanonethenwe
normalizeby dividing eachweightby thesumof theweights.We
do not normalizeif the sumis lessthanonebecausewe want to
blendwith the global camera.Note that if thereis only onelocal
camerathen this equationreduces to blendingbetweenthe local
cameraandtheglobalonebasedonw, 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 Equation1 is a good approximation
whichworkswell in practice.Essentially, weareblendingbetween
locationsin the 3D projectionvolumeinsteadof blendingthe pa-
rametersthatde�ne theprojectionvolume.

4.1.1 Sour ce volumes and blend region

To simplify the speci�cationof the sourcevolumesandblendre-
gionswe de�ne a default fall-off function that takes asinput three
parameters,r in , r ou t , andO, representingthe insideandoutside
radii andcenterof thevolume. Thefall-off functionreturnsoneif
thepoint is insidetheinnersphere,andfadesto zerooutsideof the
outersphere.

g(x) = (x2 � 1)2 (2)

w(Q) =

8
<

:

1 jjQ � Ojj < r in

g( kQ � O k� r in
r out � r in

) r in � kQ � Ok � r ou t

0 kQ � Ok > r ou t

(3)

By default, r in is set to 0:8r ou t . This strikesa balancebetween
creatinga smoothblendandminimizing the amountof the model
that is rendereddistorted[Zanellaet al. 2002]. Decreasingr in in-
creasesthesizeandvisualsmoothnessof thetransitionregion,but
alsodecreasestheamountof themodelthatis mappedwith just the
local camera.

4.1.2 Destination area

The framework canautomatically calculatea zoomandcenter-of-
projectionchangeto move andre-sizethe destinationarea. Each
widget suppliesa 3D boundingbox B that serves asa proxy for
thesourcevolume,anda currentcameraprojectionC. Beforead-
justmentthedestinationareais the2D boundingboxaroundC(B ),
i.e., the3D boundingboxprojectedto thescreenusingC. Thecur-
rent2D boundingboxcanbemovedandre-sizedto thedesiredone
usingacenter-of-projection(COP)andfocal lengthchange.

Let (vx ; vy ) be the vector from the currentboundingbox to the
desiredone.To shift thebox,we add(vx ; vy ) to C's currentCOP.
The focal lengthadjustmentis determinedusingsimilar triangles
andthe3D boundingbox [Grimm andSingh2005].

4.2 The widg ets

4.2.1 The unwrap widg et

Theunwrapwidgetaddressestheproblemof trying to seetwo sides
of a modelat the sametime (seeFigures3 and9). Although this
canalwaysbe accomplishedusing two images,it canbe hard to
mentally integratewherethe two featuresarespatially. Using the
unwrapwidget, the usercan�x onefeature's view point then in-
teractively 2 move theglobalview point to bring theotheroneinto
view. This interactionhelpsto establishthespatialrelationshipbe-
tweenthetwo featureswhile still viewing themfrom “good” angles.

To specifythesourcevolumetheuserplacesaspherical3D widget
aroundthe areaof interest. This widget hashandlesfor control-
ling the 3D positionandscale(r out ) of the selectedvolume. The
surfacenormalclosestto the centerof the widget de�nes the de-
fault orientationof thewidget (Figure9); this canbeoverriddenif
desired.

Thefall-off functionis calculatedasde�ned in theprevioussection.
Thelocal camerais constructedfrom theglobaloneby rotatingthe
view point to look down outward-pointingdirectionof theunwrap
widget.

Our goal is to automaticallyplace the selectedregion in screen
spacesothattheit doesnotoverlapthemodel— notethattheuser
canoverridethis default if desired.We �rst calculatewhatpartof
thescreenpm is currentlyoccupiedby themodel.This is foundby
projectingthe model's 3D boundingbox usingthe global camera.
Wenext determineif theprojectedsourcevolumepv lies to theleft
or right of thecenterof pm . Wepushpv outof pm in thisdirection,
thenscalepv (if necessary)sothatit �ts on thescreen.

It is possiblethat thereis not enoughspacearoundpm for pv . In
this case,the usercan either chooseto have the destinationarea
overlappm , or have thesystem�nd a pan andscalefor theglobal
camerathat ensuresthatpm doesnot occupy morethan2=3 of the
horizontalscreenspace.

4.2.2 The clipping widg et

Sometimesthereare internalstructuresin a modelwhich arenot
visible from any direction.Like atraditionalcut-away, theclipping
widget supportsviewing thesestructureswithout the intervening
geometry;unlike the traditionalapproach,the viewing anglefol-
lows theglobalview, makingit easyto seeboththe insideandthe
outsidefrom avarietyof views.

Theuserspeci�esthesourcevolumeusinga boundingbox,which
they scaleandplaceinsidethemodel(Figure4(a)). In this widget

2Thisinteractivity is dif�cult to convey with staticimages;pleaseseethe
video.
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Figure5: (a) The�sh-eyewidget is representedasa sphere. Notetheincreasingsizeof thejoint in successiveframes(b-d)of themagni�ca-
tion.

thefall-off region is empty— theverticesareeitherprojectedwith
theglobalcameraor thedefaultone(insidetheboundingbox). The
defaultcamerais identicalto theglobalone,exceptthenearandfar
clippingplanesareadjustedto enclosetheboundingbox.

The destinationareais calculatedas for the unwrapwidget, de-
scribedabove.

4.2.3 The �sh-e ye widg et

The �sh-eye widget (Figure 5) is representedby two concentric
spheres,which representthe inner (r in ) andouter (r ou t ) bound-
ariesof the sourceblend volume. Inside of the inner spherethe
modelis magni�ed by a factorm, providedby theuser. Thedesti-
nationareais thesameastheoriginal, i.e., thereshouldbeno pan
andzoom.

Thecamerachangecanbeaccomplishedeitherwith a focal length
f change(makesthe region bigger)or by panningthe camerain,
which alsointroducesa perspective change.In the latter case,the
COPmustbe adjustedso that the destinationareastaysthe same
(O is thecenterof the�sh-eye widget,C

0
is thecameraprojection

afterpanning):

E ye
0

= E ye + ~Look(f (1:0 � 1:0=m)) (4)

COP
0

= COP + (C(O) � C
0
(O)) (5)

4.2.4 Panorama

Theuserde�nesa panoramaby 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 cansupportkeyframeswith substantialcamerachanges
(seeFigure7). Ourpanoramais alsoverysimilar to the view-based
approachof Singh[Singh2002].

Unlike the previous widgets,the panoramawidget producesmul-
tiple sourcevolumes,local cameras,anddestinationareas,onefor
eachkeyframe.Thesourcevolumesarecreatedby partitioningthe
modelup amongstthe differentkeyframes,andblendingbetween
thepartitions.

The sourcevolumesare createdby assigningeachvertex in the
modelto thecamerathat it is “closest” to. For eachcamerak, cast
a ray from the eye throughthe middle of the �lm planeand �nd
the�rst intersectionpoint Pk with themodel.For eachvertex, �nd
the point Pk that it is closestto andassignit to that camera.The
clustersfor thefacepanoramacanbeseenin Figure7(b).

Notethat in image-basedrenderingapproachesit is morecommon
to usethe dot productbetweenthe surfacenormal and the view

Keyframe2
Vertices of right wing incorrectly allocated to 
keyframe1, resulting in missing right wing 

Keyframe1 b) Without the occlusion check

c) With the occlusion checka) Input keyframes

Figure 6: (a) Thetwo input keyframes.Theright wing is occluded
in keyframe1 but not in keyframe2. (b) Theright wing is closer
to the centerof camera 1's ROI than camera 2's, so it is initially
assignedto camera 1, which resultsin a missingright wing. (c)
After checking for occlusiontheright wing is correctlyassignedto
camera 2andappears in the�nal panorama.

directionto determinecameraassignment.However, in generalthe
surfacenormalof our modelstendsto vary a lot, which resultsin a
largenumberof small,isolatedregions.This is why we do not use
thisapproach.

While our approachdoestendto producelarge,connectedregions,
it is possiblefor verticesthatarevisible in oneview to incorrectly
beassignedto a differentview wherethey areoccluded(Figure6).
This occurssinceour metric for clusteringverticesdoesnot take
into accountthevisibility of a vertex. To �x this problem,we can
incorporateanocclusiontest. Createanid buffer for eachcamera,
andonly assignavertex to thatcameraif it is visible.

The weight function wk (Q) for eachkeyframe is constructedby
�nding apairof camerasthatthepointQ liesbetweenandde�ning
r ou t asthedistancebetweenthosecameras. If thereis nosuchpair
of camerasthenwk (Q) is set to onefor the camerak that Q was
assignedto; all otherweightsaresetto zero.

To determine“between”,let Ek andPk betheeyepointandcenter
point of the cameraassignedto Q. Let Pi be the centerpoint of
anothercamera.If < Q � Pk ; Pi � Pk > is positive, thenQ lies
betweenPi andPk . We take theclosestsuchkeyframeandde�ne
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Figure 7: Usingnine(a) andtwo (d) keyframesto createa panoramathat “unfolds” theface(7256vertices,14271faces)acrosstheimage
plane. (a) Illustratesthreeof theninekeyframesusedto generate(c). (b) Showsthemeshcolored bywhich camera theverticesbelongto. (c)
The�nal panorama.(d) Usingonly twokeyframes.

wk andwi asfollows:

r ou t = kPi � Pk k=2 (6)
r in = r out =2 (7)

d = < Q � Pk ; Pi � Pk > =(2r ou t ) (8)

wk (Q) =

8
<

:

1 d < r in

g( d� r in
r out � r in

) r in � d � r ou t

0 > r out

(9)

wi Q = 1 � wk (Q) (10)
(11)

andall othercameraweightsfor Q aresetto zero.

To �nd thedestinationareas,�rst �nd theaverageCa of all of the
keyframesby averagingtheir parameters.Projectall of thePk by
Ca to de�ne thedestinationcentersfor eachcamera;thesizesare
left unchanged.Moving thesepositionschangesthe spanof the
panorama(Figure11).

4.3 Multiple widg ets

The framework makes it simple to combinesingle widgets into
more complex ones(seeFigures1, 2 and 10). We de�ne three
typesof relationshipthatcanexist betweenmultiplewidgetsplaced
in a dataset: Independent,parent-child,andchained.Therelation-
ship determineshow the widgetscommunicate,particularly with
regardsto thedestinationarea.While placingthewidgets,theuser
can specify one of theserelationships,with “independent”being
thedefault choice.

Independent widgets: This is the simplestcase,wheremultiple
widgetsareplacedin a sceneindependentlyof eachother. Each
widgethasits own regionof in�uence,whichmayor maynotover-
lap with another. We computethe destinationareaindependently
for eachwidget asper the approachoutlined in the previous sec-
tions. If thedestinationareasmapto thesamesideof theobjectthe
systemwill arrangethe2D boundingboxesverticallyasin Figure1.

Parent-child widgets: In this case,widgetsareusuallyembedded
spatiallywithin oneanother, so that the child's sourcevolume is
containedwithin theparent's. For example,a child �sh-eye widget
couldbeembeddedwithin a parentunwrapwidget for magnifying
partof anunwrappedregion. Whentheuserselectssucharelation-
ship, the framework passesthe parent's local camerato the child
widget insteadof theglobalone. Thus,the �sh-eye widget's cam-
erais createdusingtherotatedcameraof theunwrapwidget. The
child's destinationareais alsosetto betheparent's.

Chained widgets In this case,multiple widgets (usually of the
sametype)arestrungtogether. Chainingwidgetsis usefulin order
to specify acomplicatedpieceof geometryor to preventafold-over
of geometry. Whenmultiple widgetsarechainedtogetherthenthe
calculationof the destinationareafollows the standardapproach
only for the �rst widget in thesequence.Thecenter-of-projection
(or zoom) is then propagated down the chain. Thus, the after-
projectionparametersof successive widgetsarecomputedwith re-
spectto earlierwidgetsin the chain. This is doneso that widgets
appearsequentiallyon thescreen.

Foldover of geometry: Foldover or self-intersectionof geometry
occurswhenthedifferencebetweenthedefault cameraandthelo-
cal camerais large. In sucha case,different facesin the transi-
tion regionoverlaponeanotherresultingin self-intersectionsin the
transitionregion. No amountof blendingcan prevent this if the
two views arereally disparate.Thesolutionis for theuserto place
additionalsmallerwidgetsthat individually resultin fold-over free
transformations.Thesesmallerwidgetsexhibit achaindependence
oneachother.

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
thestandardcameraparameters(position,orientation,focal length,
center-of-projection)andproducesthe new, local cameraparame-
ters. The systemwill, by default, usethe 3D boundingbox con-
tainingthewidgetto specifythesourcevolume(r in ) andtheinitial
projecteddestinationarea.All of thesedefaultscanbeover-ridden.

4.5 GPU Implementation details

The calculationof the sourcevolume,destination areas,andlocal
camerasareperformedon the GPU. The actualmovementof the
verticesis implementedon theGPUasa vertex program.Thever-
tex programtakes in the weights,local cameramatrices,and the
globalcameramatrix. It outputstheblendedoutputlocation(Equa-
tion 1) andthe vertex positionandnormalprojectedwith just the
globalcameramatrix. Thelatteris usedto performlighting.

TheGPU(GeForceGo6400)implementationis substantiallyfaster
thana pureCPU (1.73GhzPentiumM processor)one,runningat
0.78framespersecondratherthanover 130secondsfor thepelvis
model with onewidget. The renderingtime is dependenton the
numberof widgetsandverticesbut is independentof the type of
widgetsintroducedin thescene.



a) Seven input keyframes
b) Camera clusters 

shown in the 
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c) Final panorama

Figure8: (a) Sevenof theelevenkeyframesusedto generatea panoramaof thegargoyle(129722vertices,259440faces).(b) Thepanorama
colored bycamera cluster. (c) The�nal panorama.

c) Unwrapping animation Destination area
a) User selects  

area
b) View direction 
for selected region

Surface 
Normal

d) Changing the camera animation

Figure 9: (a) Theuserplacestheunwrap widget on theareaof interestto de�ne thesourcevolume. (b) Theview directionis automatically
setto bethesurfacenormaldirection. (c) An animationshowinghowtheselectedareais “unwrapped” into thedestinationarea(redbox),
which is automaticallyde�ned. (d) Theuserchangesthe global camera. Thedestinationarea automaticallyswitchessidesas the global
camera rotates.

5 Results and remarks

The unwrapwidget is demonstratedin Figures1, 3, and 9. For
the �rst two �gures we show framesof theunwrapanimationfol-
lowed by a rotationof the global camera.The third �gure shows
theunwrapwidgetcombinedwith two �sh-eyewidgets.

The clipping widget is illustratedin Figures2 and 4. In the �rst
example,a �sh-eye widgetwasaddedto magnifythecontactpoint
of thebones.In thesecondexamplewe rotatetheglobalcamerain
orderto view bothknotsfrom all directions.

Weshow four panoramaimages,two of theface(Figure7), and one
eachof thecow (Figure11) andgargoyle (Figure8). For the face
weshow onepanoramabuilt from ninekey frames,thesecondwith
only two keyframesthatarefairly disparate.

As the numberof widgetsaddedinto the sceneincreases,it be-
comesmore dif�cult to specify how they interact. With a large
numberof widgets,it alsobecomeshardto perceive theunderlying
structureof the datasetandthe usefulnessof the �nal non-linear
projectionis reduced.We have found that four independentwid-
getson a large model(suchasthe humanpelvis) is aboutall that
canreasonablybeused.

For theunwrapwidget it is anopenquestionaboutwhetheror not
adistortion,versustwo separateviews,helpswith maintainingspa-
tial context. Theunwrap widgetattemptsto limit thedistortedarea
to partsof the modelwhich areoutsideof the areasof interestto
reduceincorrectspatialcues.Like non-linearmagni�cation in 2D
images,theareathatis distortedis fairly apparentduringanimation,
i.e., whenthe tool or view is moving, but lessso whenthe image
is still. Providing aneffectivecuefor highlightingwherethedefor-
mationis andtheamountof “bend” [Zanellaetal. 2002]mighthelp
to reduceconfusion.

6 Conc lusion

Wehavepresenteda�e xible, general-purposeframework for build-
ing non-linearprojectionsof datasets. Multiple widgetscan be
combinedeasily in real-timeto allow viewing of several features
within a singleview. We illustratethe�e xibility of our framework
by adaptingit to createpanoramicviews.
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