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Abstract
Asthe useof 3D informationpresentationbecomesmore

prevalenttheneedfor effectiveviewingtoolsgrowsaccord-
ingly. Muchwork hasbeendonein developingtools for 2D
spaceswhichallow for detail in contextviews. We examine
theextensionof such2D methodsto 3D andexplore thelimi-
tationsencounteredin accessinginternalregionsof thedata
with thesemethods.Wethendescribea novelsolutionto this
problemof internal accesswith the introductionof a distor-
tionfunctionwhichcreatesaclearlineofsighttothefocusre-
vealingsectionspreviouslyobscured. Thedistortionis sym-
metricabouttheline of sightandis smoothlyintegratedback
into theoriginal 3D layout.

Keywords: Distortionviewing,screenlayout,3D interac-
tion, information visualization,interfacemetaphors,inter-
facedesignissues

1. Intr oduction

Thereis accumulatingevidence[1, 21] supportingthe
ideathat3Drepresentationsof dataareadvantageousbothin-
tuitively andquantitatively. As this translatesinto frequent
useof 3D informationspacestheneedfor effective3Dview-
ing tools becomesincreasinglyimportant. Therehasbeen
a considerableamountof work recentlyin developingsuch
toolsfor 2D informationdisplays.Much of this hasfocused
on theneedto displaysuf®cientdetailwithin its globalcon-
text; for surveyssee[15, 11, 18]. This hasled to thenotion
of multi-scalediagrams[8] or distortionviewing wheredif-
ferentsectionsof the informationaredisplayedat different
scales.Thesediffering scalesof magni®eddetail andcom-
pressedcontextcanbeintegratedthroughvariousdistortion
functions[2, 3, 9, 10,16, 19].

Supportfor the conceptof integrateddetail in context
viewingcanbefoundin studiesby Furnas[7]. Thiswork in-
dicatesthatacrossmanydisparate®eldshumansstoreandre-
call informationin greatdetailfor areasof interestandgrad-
ually decreasingdetailfor therelatedcontext.Thestudiesin

experimentalpsychology[6, 12] go further to indicatethat
while humansintegrateinformationthatis perceivedasasin-
gle eventautomatically, cognitivere-integrationof distinct
eventssuchasmultipleviewsrequiresmuchgreatereffort.

Semnet[5] discussestwo 3D ®sheyeapproachesandthe
implicit oneprovidedby perspective.One,basedonseman-
tics,usesanoctreetodisplaythefocalregionin full detailand
moreremotesectionsin progressivelylargervolumes.This
approachis quite ef®cientbut suffers from suddenchanges
betweenboundariesof regionsof differingscales.Theother,
adensityapproach,samplesfully aroundthefocusandlessas
thedistanceincreases.This approachwould actuallyaggra-
vatedensityproblemsin thefocal region.Mitra [14] method
of threshold®lteringexplodedviewswhile notactuallymov-
ing occludingobjectsdoescreatemorespacein the3D view
allowing improvedif not total visualaccessfor internalsec-
tions.

Thiswork explorestheextensionof 2D distortionviewing
techniques,providingframeworkandmotivationfor thede-
velopmentof visualaccessdistortiontechniquesfor 3D data.
Inherentin workingwith datain 3D is thefactthatsomedata
will be buriedwithin a structure,whethera solid modelor
a complicated3D graphlayout,andhencevisually inacces-
sible. Previouswork providesaccessto the internaldetails
of suchstructuresthroughtheuseof cuttingplanes,layerre-
movalandtransparency. Wedescribeanovelsolutionto this
problemof internalaccesswith the introductionof a distor-
tion functionwhichcreatesa clearline of sightto afocusre-
vealingsectionsthathadbeenpreviouslyobscured.Thedis-
tortion is symmetricaboutthe line of sightandis smoothly
integratedbackinto theoriginal3D layout.

This paperis organizedasfollows: ®rstwe will demon-
stratetheproblemsthatarisewith a naivetranslationof 2D
techniquesto a 3D display. Then extendLeung and Ap-
perly's [11] observationsaboutthemathematicaldistinction
betweendisplacementand magni®cationfunctions with a
practicalapplicationof theseaspectsseparatelycreatingour
vieweralignedvisualaccessdistortion[4] to provideanex-
plorationtool for 3D informationdisplays.



2. Identifying issuesin 3D distortion
viewing

Thissectionillustratestheproblemsthatarisewhenap-
plying2Ddistortiontechniquesto 3Ddisplays.Theintention
is to demonstratethedistinctivepatternsof differingtypesof
distortion,andshowthatwhiletheyofferconsiderableadvan-
tagein a 2D display, theydo little to improveaccessin 3D.
Figure1 showsthecharacteristicpatternsof four 2D distor-

Figure 1: A group of 2D distortion methods, from top-
left to bottom-right: space-®lling orthogonal, simple
orthogonal or step, graduated orthogonal, and radial
Gaussian distortion

tion methods.While thissetof exampletechniquesis notex-
haustive,it is representativeof the typesof distortionavail-
able.Thespace-®llingorthogonalapproach(topleft), similar
tostretchtools[17] and2D-bifocal[18], is formedbystretch-
ing all datathat lies on eitherof thetwo axiscenteredat the
focusandcompressingthe remainingareasuniformly. The
resultingdistortedimagemakesgooduseof availablescreen
spacebuthasentirerowsandcolumnsof distorteddata.

Figure 2: Space-®llingorthogonal applied in 3D

Figure 3: Graduated orthogonal stretch applied in 3D

Figure 4: Simple orthogonal or step applied in 3D

Figure 5: Gaussian radial magni®cationapplied in 3D

The simpleorthogonalapproach(top right), usedby [2,
20], performsthe samedistortionbut leavesthe datain the
rows andcolumnsalignedwith the focusunstretched.This
basicapproachcreateslessdatadistortionbutleavesmoreun-
usedspace.Thegraduatedorthogonalapproach(bottomleft)
magni®esdataaccordingto its orthogonaldistancefrom the
focus.A varietyof mathematicalcurveshavebeenusedwith
this approachincludingarctan[9, 13], hemisphere[16], and
hyperbola[10]. Theparticularpatternof this ®gureis based
on the sinecurve. The fourth example(bottomright) uses
a Gaussiancurveto radially distributethedistortion. Again
other curvesare possible,in fact many techniquesinclude
both radial and orthogonaloptions. The principle of non-
linearradialdistortionis commonto [3, 10,17].

Thesefour distortionpatternsrevealthedifferentpossibil-
ities offeredin providinga magni®edfocusin a 2D context.
Figures2, 3, 4 and5 showadirectnaiveextrapolationof the
previouslydiscussedtwo-dimensionalschemesto 3D data.
Simplyapplyingtheseapproachestoathree-dimensionaldis-



play doesmoreto obscurethe focal point thanrevealit. In
fact, the usualproblemof someobjectsoccludingothersin
3D layoutshasbeenexacerbatedin 2D distortionapproaches
with space-®llingaspects.While theorthogonalstepfunction
(Figure4) doesopenupsomevisualaccessto thefocalnode,
it still doesnotallow viewingfrom all angles.If distortionis
to aid in full examinationof internalaspectsof 3D data,one
necessaryfunctionis thattheuseractuallyhaveunrestricted
visualaccessto thechosenfocus.

Figure 6: One-dimensional orthogonal distortion, from
top to bottom: original data, magni®cationonly, dis-
placement only, magni®cationand displacement

LeungandApperly [11] discussdistortionviewing in
termsof atransformationor displacementfunctionwith ade-
rivativemagni®cationfunction. As the2D examplesreveal,
displacementprovidesthespacethatallowsfor themagni®-
cation. Theusualapplicationcreating2D detailwithin con-
text views is achievedby applyingboth magni®cationand
displacementdistortionssimultaneously. However, thisdoes
nothaveto bethecase;theseideasaredistinctandcanbeap-
plied aloneor in conjunction.Figure6 showsat the top an
undistortedone-dimensionalarrayof cubes,secondfrom the
top is thesamearraywith acentralfocusmagni®edonly (no
nodesaredisplaced),third thedistortionisappliedtodisplace
nodesto eithersideof thefocus(no magni®cation),andthe
lastexamplemakesuseof bothmagni®cationanddistortion.

Figure 7: Both types of orthogonal displacement pro-
vide the same distortion patterns without magni®cation

Theeffectsof applyingonly displacementdistortionwith
thefour 2D approacheswehavebeenexaminingcanbeseen
in Figures7, 8 and9. Noticethatwithout themagni®cation

Figure 8: Graduated orthogonal displacement without
magni®cation

Figure 9: Gaussian radial displacement without mag-
ni®cation

bothorthogonaltechniqueshavethesameappearance(Fig-
ure7). Thisofferslittle improvementwith thegraduatedand
radial techniques(Figures8 and9). However, while theor-
thogonalapproachesseemaninef®cientuseof spacein two
dimensions,in threedimensionstheseparationprovidespar-
tial visualaccess.However, this partial solutionis not very
satisfyingandcreatesarti®cialgroupingswhichcanstill oc-
cludethefocusduringrotation.

3. Visual AccessDistortion

Webelievethatfor effectivethree-dimensionaldetailin
contextviewing it is importantto:

� Magnify achosenfocusto displaydetail.
� View thefocusasa 3D objectwith theusualadvantageof

rotation,allowingexaminationfrom all angles.
� Cleara visualpathto thefocus.

We haveextendedthe traditionalmagni®cationanddis-
placementdistortionviewing to includea visualaccessdis-
tortion [4]. This is appliedradiallyalongtheline of sightto
displacedataitemsin graduallydecreasingamountsas the
distancefrom the line of sight increases.This createsan
openingdirectly in front of theview point,giving visualac-
cesstothefocuswhileminimallyaffectingtherestof thedata.
Figures10, 11 and12 showan undistortedlattice and two
viewsusinga particularlyeffectivecombination,simpleor-
thogonalmagni®cationcombinedwith ourvisualaccessdis-
tortion.



Figure 10: Ordinal lattice with no distortions

Figure 11: Lattice with central focus made visible
through radial Gaussian expansion along line of sight.
Focus magni®cationis applied through the simple or-
thogonal pattern

Ourmethodusestheideasandtechniques,particularly
thoseconcernedwith occlusionandblendingof interfocalre-
gions,developedin 3DPS[3], extendedto 3D information
spaces.Visualaccessdistortionproceedsasfollows. Let

�

bea line segmentextendingfrom thefocusto theviewpoint
(theline of sight),anda vector �

� betheshortestvectorfrom
anobject � in thedisplayanda point � on theline

�

(used
to establishthe directionof the displacement).A Gaussian

Figure 12: The same lattice with increased displace-
ment of interfering nodes and magni®cationof focus

Figure 13: 2D cross-section of view aligned Gaussian
access distortion. Nodes are displaced away from the
line of sight along a vector perpendicular to the line
segment from the focus to the viewpoint. The line to
the lower left indicates the direction to the viewpoint,
degree of distortion increases left to right

function is usedto calculatethe magnitudeof the displace-
ment. Theimageon theleft of Figure13 indicatesin cross-
sectionthefocal node,the line of sight,andthedirectionof
radialdisplacement.Theremainingseriesin Figure13shows
progressiveapplicationsof thevisualaccessdistortion.

Theshortestdistancefrom aobject � to theline of sightis
themeasurethatwill beusedto determinethedistortionat � .
A vector �

� from thenearestpoint � on theline of sightto �

will de®nethedirectionof thedistortionat � andthelength
of this vector ���

�

� will beusedto determinethemagnitudeof
thedistortion.Toachieveourgoalof smoothintegrationback
into theoriginaldatatopologyweuseaGaussiandistribution
to determinethemagnitudeof thedisplacement.Fora given
valueof �	�
���

�

� , wecandeterminetheheight( � ) of theGaus-
sian.Theshapeof theGaussianfunction,andhencethedis-
tributionof thedistortioncanbecontrolledsimplyby adjust-
ing theheightandstandarddeviationof thecurve.Sinceour
viewingdirectionis alongtheline of sightthedistortionswill
appearto theviewerasradiallysymmetricalaboutthefocus.



Figure 14: The distortion remains aligned to the viewer
as the data set is rotated, nodes are moved smoothly
away from the line of sight

Theresultis adistortionof theoriginaldatathatprovidesa
clearvisualpathfrom theviewerto thefocal node.Thevis-
ibility of the focuswill be maintainedunderrotationof the
dataor motionof the viewpoint, smoothlyde¯ectingnodes
awayfrom theline of sightastheyapproachit andreturning
themsmoothlyto theiroriginalpositionsastheymoveaway
(Figure14).

Thecreationof a clearvisualpathcannow becombined
with oneof themagni®cationdistortionsdescribedearlierto
permit an unobstructedview of the focus. Currently, one
haschoicebetweenthefour discussedfunctions(orthogonal,
step,sineandGaussian)for eachof thethethreetypesof dis-
tortion(access,displacementandmagni®cation).

4. Combining visual access,
magni®cationand displacement

Ourvisualaccessdistortion[4] canbeappliedby itself
or in combinationwith eitheror bothmagni®cationanddis-
placementdistortions. By itself it allows in contextbrows-
ing of a 3D display. With magni®cationit providesdetail in
contextviewing. With theinclusionof displacementgreater
degreesof magni®cationcanbeachieved.

Applyingavisualaccessdistortiontoanyof thefourexam-
ined2D approaches(seeFigure6) successfullyexposesthe
focusin context.Figures15,16,17and18,show2D magni-
®cationappliedto 3D on the left, andtheresultof applying
thevisualaccessdistortionontheright.

In Figure 15 the space®lling approach(left) hascom-
pletelyoccludedthecentralfocusnode. In applyingthevi-
sualaccessdistortionwe seethat it clearsa line of sight to
thefocus.

Figure 15: The space-®lling orthogonal distortion
around the central focus in 3D on the left, and with
the visual access distortion on the right

Figure 16: The simple orthogonal distortion around
the central focus in 3D on the left, and with the visual
access distortion on the right

In Figure16 thesimpleorthogonalapproach(left) magni-
®cationof the centralnodeleavesit highly obscuredby its
neighbors.Theapplicationof thevisualaccessdistortion
(right) canbe evenmoreextremeasthe inter-nodespacing
of thesurroundingnodesis greater. It is possibleto displace
themfurtherbeforethey intersect.This combinationof the
simpleorthogonalstretchor stepfunctionwhich magni®es
focusonly andthevisualaccessdistortionis particularlyef-
fective.

Figure 17: The graduated orthogonal distortion around
the central focus in 3D on the left, and with the Gaus-
sian access distortion on the right

In Figures17 and 18 the centralfocal nodeis obscured
by its neighborsastheyaremagni®edaswell (left), though
to a lesserdegree.Onceagaintheviewing accessdistortion
(right) restoresthevisibility of thecentralfocus.

Visual accessdistortion scaleswell to multiple focal
points.Becauseeachline of sightutilizesits ownaccessdis-



Figure 18: The radial Gaussian distortion around the
central focus in 3D on the left, and with the visual
access distortion on the right

Figure 19: The visual access function may be applied
simultaneously to more than one focus

tortion function,it is possibleto combinemorethanonefo-
cusin oneview. Foreachpointin thevolumethedistortionis
nowa functionof eachline of sight. Thecontributionsfrom
eachfocusarecombined[3]. Thedisplacementof anypoint

� relativeto a setof � line segments
���

, whereeachseg-
ment

���

beginsat anobjectof interest�

�

andterminatesat
theviewpoint

�

, maybesummarizedasfollows:

�

�

���

�
	���


�����

�������




� �����

�

�

�

�

where�

�

is thepointonthe ����� line segmentnearestthepoint
� and

�




�

is thefunctionthatreturnstheheightof aGaussian
giventhedistancefromthepoint � to theline

���

. Theresult-
ingdisplacementis theaverageof severalindependentdistor-
tions,eachin a radialdirectionawayfrom the line segment

�
�

. Thusit is possibleto clearlinesof sightto severalobjects
simultaneously. In Figure19 a simpleaverageof the two at
eachpoint producesclearlinesof sightto thetwo foci. The
upperleft is onelayerdeepinto the9x9x9cube.Thelower
right is 8 layersdeep,butstill visible.

Figure 20: Undistorted random polar graph layout

Figure 21: Random graph revealing focal node (from
back of graph) with visual access distortion

A focal point can be either dataobjectsor locationsin
space.Whenthe focal point is an object,the visual access
distortionis appliedfromtheviewpointto theobject'scenter.
Browsinginvolvessequentialselectionof objectsor nodes.
Alternativelyusinga locationin spacesetstheendpoint of
the line of sight that is cleared. The usercan interactively
control this line-segment-of-sightcreatinga dynamicprobe,
¯uidly movablethroughthespace.In browsinga3D display
theusercanselectfocal type,positionaswell aswhich dis-
tortionmethodtousefor displacement,magni®cationandac-
cess.Duringvisualexplorationeachitemis shiftedoutof the
line of sightandthenbackinto their original position. This
motionprovidesveryeffectivevisualfeedbackaboutthecon-
textandrelativepositionsof theindividualdataitems.



Figure 22: Increased magni®cation brings crossing
edges into con¯ict

Figure 23: Visual access distortion also applied to
edges

5. Arbitrary graphs

While simplegrid graphshavebeenchosento clearlyre-
vealthedistinctionsbetweendistortiontechniques,theeffec-
tivenessof thisapproachis not limited to thistypeof display.
Thenextseriesshowsa polargraphlayout that randomizes
theradiusandangles.Figure20is theundistortedgraph.Fig-
ure21 showsonefocal point, slightly magni®ed.Figure22
showsincreasedmagni®cationof thefocalpointbutwith the
visual accessdistortionappliedto nodesonly. This leaves
edgescuttingacrossthe focal node. In Figure23 thevisual
accessdistortionhasalsobeenappliedalongthelengthof the
edges,curvingthemawayfrom theline of sight.

Figure24 showsa graphlayout that randomizesposition
in x, y andz. Eventhoughthis graph's degreeis limited to

Figure 24: Random graph with dense edge structure

Figure 25: Random graph with one focal point

four, therandomlayouthasalargenumberof edgesthatcriss-
crossthe screen,creatingtheir own type of visual density.
Figure25 showsone focal point revealed. The magni®ca-
tion anddisplacementdistortionsusethesimpleorthogonal
or stepfunctionandGaussianaccessdistortion.

6. Conclusions

This paperhasexaminedthe issuesthatarisein applying
establishedmethodsfor improvingvisualaccessof 2D data
to 3D.Simple2D distortionalgorithmsfor detailandcontext
viewshavebeenshowntobereadilyextensibletomanipulate
3D data.Theseapproachesin themselvesareinsuf®cientto
derivemuchbene®tin 3D asthe recurringproblemof inte-
rior, or hidden,databecominginaccessiblenulli®esanyad-
vantagesof thisstraightforwardapproach.

Visualaccessdistortionprovidesaclearline of sightto the
internalstructuresof 3D datasetsmeetingthe statedgoals
of smoothintegration,usingviewratherthandataalignment,



andprovidingcontrolover thedegreeandextentof thedis-
tortion. Thismethodof displacingthedatapreservescontext
andpresentsanappealing,understandableresult.Theviewer
alignedaccessdistortionmaybeappliedin conjunctionwith
anotherspaceallocationalgorithmto furtherimprovethevis-
ibility of thefocus.

Futureplansfor thisconceptincludetheapplicationof the
ideaspresentedhereto bothgeneral3D graphstructuresand
to solid3D data.An examinationof thepotentialuseof per-
ceptualcues(3D grids,color andshading,stereodisplay)to
revealthenatureof thedistortionswhenappliedtomoregen-
eral datasets,is anotherareaof investigationwe intend to
pursue.
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