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Abstract

Asthe useof 3D informationpresentatiorbecomesnore
prevalentthe needfor effectiveviewingtoolsgrowsaccod-
ingly. Muchwork hasbeendonein developingoolsfor 2D
spaceswvhichallow for detail in contextviews. \We examine
theextensiorof such2D methoddo 3D andexploe thelimi-
tationsencounteedin accessingnternalregionsof the data
with thesemethodsWe thendescribea novelsolutionto this
problemof internal accesswith the introductionof a distor-
tionfunctionwhichcreatesa clearline of sightto thefocusre-
vealingsectiongreviouslyobscued. Thedistortionis sym-
metricabouttheline of sightandis smoothlyintegratedback
into the original 3D layout.

Keywords: Distortionviewing, screenayout, 3D interac-
tion, information visualization,interfacemetaphors,nter-
facedesignissues

1. Intr oduction

Thereis accumulatingevidencd1l, 21] supportinghe
ideathat3D representationsf dataareadvantageousothin-
tuitively andquantitatively As this translatesnto frequent
useof 3D informationspaceshe needfor effective 3D view-
ing tools becomesncreasinglyimportant. Therehasbeen
a considerablamountof work recentlyin developingsuch
toolsfor 2D informationdisplays.Much of this hasfocused
on theneedto displaysuf®cientdetailwithin its globalcon-
text; for surveyssee[15, 11, 1§). This hasled to the notion
of multi-scalediagramg8] or distortionviewing wheredif-
ferentsectionsof the informationare displayedat different
scales.Thesediffering scalesof magni®edietail andcom-
pressectontextcanbeintegratedhroughvariousdistortion
functions[2, 3,9, 10,16, 19.

Supportfor the conceptof integrateddetail in context
viewing canbefoundin studiesby Furnaq7]. Thisworkin-
dicateghatacrossnanydisparat®eldhumansstoreandre-
call informationin greatdetailfor areaof interestandgrad-
ually decreasingletailfor therelatedcontext. Thestudiesin

experimentalpsychology[6, 12] go further to indicatethat
while humansntegraténformationthatis perceivedisasin-
gle eventautomatically cognitive re-integrationof distinct
eventssuchasmultiple viewsrequireanuchgreatereffort.

Semnet5] discusseswo 3D ®sheyapproachesandthe
implicit oneprovidedby perspectiveOne,basedn seman-
tics,usesanoctrego displaythefocalregionin full detailand
moreremotesectionsn progressivelyargervolumes. This
approachs quite ef®cientbut suffers from suddenchanges
betweerboundarie®f regionsof differingscalesTheother
adensityapproachsamplegully aroundhefocusandlessas
the distancencreasesThis approactwould actuallyaggra-
vatedensityproblemsn thefocal region.Mitra [14] method
of threshold®lteringexplodedviewswhile notactuallymov-
ing occludingobjectsdoescreatemorespacean the 3D view
allowing improvedif nottotal visualaccesdor internalsec-
tions.

Thiswork exploreghe extensiorof 2D distortionviewing
techniquesprovidingframeworkandmotivationfor the de-
velopmenbf visualaccesslistortiontechniquegor 3D data.
Inherentin workingwith datain 3D is thefactthatsomedata
will be buriedwithin a structure whethera solid modelor
a complicated3D graphlayout,andhencevisually inacces-
sible. Previouswork providesaccesgo the internaldetails
of suchstructureghroughthe useof cuttingplanesjayerre-
movalandtransparencyWe describea novelsolutionto this
problemof internalaccesswith the introductionof a distor
tion functionwhich creates clearline of sightto afocusre-
vealingsectionghathadbeenpreviouslyobscuredThedis-
tortion is symmetricaboutthe line of sightandis smoothly
integratedbackinto the original 3D layout.

This paperis organizedasfollows: ®rstwe will demon-
stratethe problemsthat arisewith a naivetranslationof 2D
techniquego a 3D display Then extendLeung and Ap-
perly's [11] observationgboutthe mathematicadlistinction
betweendisplacementind magni®catiorfunctions with a
practicalapplicationof theseaspectseparatelcreatingour
viewer alignedvisual accesglistortion[4] to provideanex-
plorationtool for 3D informationdisplays.



2. Identifying issuesn 3D distortion
viewing

Thissectionllustratesheproblemghatarisewhenap-
plying 2D distortiontechniqueso 3D displays.Theintention
is to demonstratéhedistinctivepatternf differingtypesof
distortion,andshowthatwhile theyoffer considerabladvan-
tagein a 2D display theydo little to improveaccessn 3D.
Figurel showsthe characteristipatternsof four 2D distor
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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 methodsWhile this setof examplegechniquess notex-

haustive,|t is representativef the typesof distortionavail-

able. Thespace-®llingrthogonabpproaclftopleft), similar

tostretchtools[17] and2D-bifocal[18], is formedby stretch-
ing all datathatlies on eitherof the two axis centerechtthe

focusandcompressinghe remainingareasuniformly. The

resultingdistortedmagemakesgooduseof availablescreen
spacebut hasentirerowsandcolumnsof distorteddata.

Figure 2: Space-®llingorthogonal applied in 3D

Figure 5: Gaussian radial magni®cationapplied in 3D

The simple orthogonalapproach(top right), usedby [2,
20], performsthe samedistortionbut leavesthe datain the
rows and columnsalignedwith the focusunstretched.This
basicapproacltreatesessdatadistortionbutleavesnoreun-
usedspace.Thegraduate@rthogonabpproaclfbottomleft)
magni®eslataaccordingto its orthogonaldistancefrom the
focus. A varietyof mathematicaturveshavebeenusedwith
this approachincludingarctan[9, 13|, hemispherg¢l16], and
hyperbola[10]. The particularpatternof this ®gures based
on the sine curve. The fourth example(bottomright) uses
a Gaussiarcurveto radially distributethe distortion. Again
other curvesare possible,in fact manytechniquesnclude
both radial and orthogonaloptions. The principle of non-
linearradialdistortionis commonto [3, 10, 17].

Thesefour distortionpatterngevealthedifferentpossibil-
ities offeredin providinga magni®edocusin a 2D context.
Figures2, 3, 4 and5 showadirectnaiveextrapolatiorof the
previouslydiscussedwo-dimensionaschemedo 3D data.
Simplyapplyingtheseapproachew athree-dimensionalis-



play doesmoreto obscurethe focal pointthanrevealit. In
fact, the usualproblemof someobjectsoccludingothersin
3D layoutshasbeenexacerbateth 2D distortionapproaches
with space-®llingspectsWhile theorthogonaktepfunction
(Figure4) doesopenup somevisualaccesso thefocalnode,
it still doesnotallow viewing from all angles.If distortionis
to aid in full examinatiorof internalaspect®f 3D data,one
necessaryunctionis thatthe useractuallyhaveunrestricted
visualaccesgo thechoserfocus.

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

LeungandApperly [11] discusdistortionviewingin
termsof atransformatioror displacemenfunctionwith ade-
rivative magni®catiorfiunction. As the 2D examplegeveal,
displacemenprovidesthe spacehatallowsfor the magni®-
cation. The usualapplicationcreating2D detailwithin con-
text views is achievedby applying both magni®catiorand
displacemendlistortionssimultaneouslyHowever this does
nothaveto bethecasethesddeasaredistinctandcanbeap-
plied aloneor in conjunction. Figure6 showsat the top an
undistortedbne-dimensionarrayof cubessecondromthe
topis thesamearraywith acentralfocusmagni®eanly (no
nodesaredisplaced)third thedistortionis appliedto displace
nodesto eithersideof the focus(no magni®cation)andthe
lastexamplemakesuseof bothmagni®catioanddistortion.

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

The effectsof applyingonly displacementlistortionwith
thefour 2D approachew/e havebeenexaminingcanbe seen
in Figures7, 8 and9. Noticethatwithoutthe magni®cation
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Figure 8: Graduated orthogonal displacement without
magni®cation

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

both orthogonaltechniqueshavethe sameappearancérig-
ure7). Thisofferslittle improvementvith thegraduatednd
radialtechniquegFigures8 and9). However while the or-
thogonalapproacheseemaninef®cientuseof spacean two
dimensionsin threedimensionghe separatiomprovidespar
tial visualaccessHowever this partial solutionis not very
satisfyingandcreatesarti®cialgroupingswhich canstill oc-
cludethefocusduringrotation.

3. Visual AccesDistortion

Webelievethatfor effectivethree-dimensionaletailin
contextviewingit is importantto:

Magnify achoserfocusto displaydetail.

View thefocusasa 3D objectwith the usualadvantagef

rotation,allowing examinatiorfrom all angles.

Clearavisualpathto thefocus.

We haveextendedthe traditional magni®catiorand dis-
placementistortionviewing to includea visual accesslis-
tortion [4]. Thisis appliedradially alongtheline of sightto
displacedataitemsin graduallydecreasingamountsasthe
distancefrom the line of sightincreases. This createsan
openingdirectly in front of the view point, giving visualac-
cesdothefocuswhile minimallyaffectingtherestof thedata.
Figures10, 11 and 12 showan undistortedattice and two
views usinga particularlyeffective combination simpleor-
thogonalmagni®catiomombinedwith ourvisualaccesslis-
tortion.



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

Ourmethodusegheideasandtechniquesparticularly
thoseconcernedvith occlusionandblendingof interfocalre-
gions, developedn 3DPSJ[3], extendedo 3D information
spaces.Visual accesdlistortionproceedsasfollows. Let
bea line segmenextendingrom thefocusto the viewpoint
(theline of sight),andavector betheshorteswectorfrom
anobject inthedisplayandapoint ontheline (used
to establishthe directionof the displacement) A Gaussian

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

>

MASEE B

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

functionis usedto calculatethe magnitudeof the displace-
ment. Theimageon theleft of Figure13indicatesin cross-
sectionthefocal node,theline of sight,andthedirectionof
radialdisplacementTheremainingseriesn Figurel3shows
progressivapplicationf thevisualaccesslistortion.

Theshortestlistancdrom aobject totheline of sightis
themeasurghatwill beusedo determinghedistortionat
A vector fromthenearespoint ontheline of sightto
will de®nehedirectionof thedistortionat andthelength
of thisvector  will beusedto determinethe magnitudeof
thedistortion. To achieveourgoalof smoothintegratiorback
into theoriginal datatopologywe usea Gaussiamlistribution
to determinghe magnitudeof the displacementfora given
valueof , we candetermingheheight( ) of theGaus-
sian. The shapeof the Gaussiarfunction,andhencethedis-
tribution of thedistortioncanbe controlledsimply by adjust-
ing theheightandstandardieviationof thecurve. Sinceour
viewingdirectionis alongtheline of sightthedistortionswill
appeato theviewerasradially symmetricabhboutthefocus.




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 theoriginal datathatprovidesa
clearvisualpathfrom theviewerto thefocal node. Thevis-
ibility of the focuswill be maintainedunderrotationof the
dataor motion of the viewpoint, smoothlyde ecting nodes
awayfrom theline of sightastheyapproacht andreturning
themsmoothlyto their original positionsastheymoveaway
(Figurel4).

The creationof a clearvisual pathcannow be combined
with oneof themagni®catiomlistortionsdescribedearlierto
permit an unobstructedview of the focus. Currently one
haschoicebetweerthefour discussedunctions(orthogonal,
step sineandGaussianjor eachof thethethreetypesof dis-
tortion (accessdisplacemenandmagni®cation).

4. Combining visual access,
magni®cationand displacement

Ourvisualaccesslistortion[4] canbeappliedby itself
or in combinationwith eitheror bothmagni®catiomnddis-
placementistortions. By itself it allowsin contextbrows-
ing of a 3D display With magni®catioiit providesdetailin
contextviewing. With theinclusionof displacemengreater
degree®f magni®catiowanbeachieved.

Applyingavisualaccesslistortionto anyof thefour exam-
ined 2D approache¢seeFigure 6) successfullyexposeghe
focusin context.Figuresl5, 16,17 and18,show2D magni-
®cationappliedto 3D on the left, andthe resultof applying
thevisualaccesslistortionontheright.

In Figure 15 the space®lling approach(left) has com-
pletely occludedthe centralfocusnode. In applyingthe vi-
sualaccesdlistortionwe seethatit clearsa line of sightto
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 thesimpleorthogonabpproact{left) magni-
®cationof the centralnodeleavesit highly obscuredoy its
neighborsTheapplicationof the visualaccesslistortion
(right) canbe evenmore extremeasthe inter-nodespacing
of thesurroundinghodesis greater It is possibleto displace
themfurther beforethey intersect. This combinationof the
simple orthogonalstretchor stepfunction which magni®es
focusonly andthevisual accesdlistortionis 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 neighborsasthey aremagni®ediswell (left), though
to alesserdegree.Onceagainthe viewing accesglistortion
(right) restoreghevisibility of the centralfocus.

Visual accessdistortion scaleswell to multiple focal
points. Becauseachline of sightutilizesits ownaccesslis-



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
now a functionof eachline of sight. The contributiondrom
eachfocusarecombined3]. Thedisplacemenof anypoint
relativeto a setof line segments , whereeachseg-
ment  beginsat anobjectof interest andterminatesat
theviewpoint , maybesummarizedsfollows:

where isthepointonthe line segmenhearesthepoint

and isthefunctionthatreturngheheightof aGaussian
giventhedistancdromthepoint totheline . Theresult-
ing displacemernis theaveragef severaindependendistor
tions, eachin aradial directionawayfrom the line segment

. Thusit is possibleo clearlinesof sightto severabbjects
simultaneouslyln Figure19 a simpleaverageof the two at
eachpoint produce<learlines of sightto thetwo foci. The
upperleft is onelayerdeepinto the 9x9x9 cube. Thelower
rightis 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 appliedfrom theviewpointto theobject'scenter
Browsinginvolvessequentiakelectionof objectsor nodes.
Alternatively usingalocationin spacesetsthe end point of
the line of sightthatis cleared. The usercaninteractively
controlthis line-segment-of-sightreatinga dynamicprobe,
“uidly movablethroughthespaceln browsinga 3D display
the usercanselectfocal type, positionaswell aswhich dis-
tortionmethodo usefor displacementagni®catioandac-
cess.Duringvisualexploratioreachitemis shiftedout of the
line of sightandthenbackinto their original position. This
motionprovidesveryeffectivevisualfeedbaclabouthecon-
textandrelativepositionsof theindividual dataitems.



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 graphshavebeenchoserto clearlyre-
vealthedistinctionshetweerdistortiontechniquestheeffec-
tivenesf thisapproachs notlimited to thistypeof display
The next seriesshowsa polar graphlayoutthatrandomizes
theradiusandangles Figure20istheundistortedyraph.Fig-
ure 21 showsonefocal point, slightly magni®ed Figure22
showsincreaseanagni®catiowf thefocal pointbutwith the
visual accesdlistortionappliedto nodesonly. This leaves
edgescutting acrosghe focal node. In Figure23 the visual
accessglistortionhasalsobeenappliedalongthelengthof the
edgescurvingthemawayfrom theline of sight.

Figure24 showsa graphlayoutthat randomizegposition
in X, y andz. Eventhoughthis graphs degreeis limited to

Figure 24: Random graph with dense edge structure

Figure 25: Random graph with one focal point

four, therandomayouthasalargenumbeiof edgeghatcriss-
crossthe screen creatingtheir own type of visual density
Figure 25 showsone focal point revealed. The magni®ca-
tion anddisplacementlistortionsusethe simpleorthogonal
or stepfunctionandGaussiaraccesglistortion.

6. Conclusions

This paperhasexaminedheissueshatarisein applying
establishednethodgor improving visualaccesof 2D data
to 3D. Simple2D distortionalgorithmsfor detailandcontext
viewshavebeershownto bereadilyextensibléo manipulate
3D data. Theseapproaches themselvegreinsuf®cientto
derivemuchbene®in 3D asthe recurringproblemof inte-
rior, or hidden,databecominginaccessibleulli®esany ad-
vantage®f this straightforwarcapproach.

Visualaccesslistortionprovidesa clearline of sightto the
internal structuresof 3D datasetsmeetingthe statedgoals
of smoothintegrationusingview ratherthandataalignment,



andproviding controlover the degreeandextentof the dis-
tortion. Thismethodof displacingthe datapreservesontext
andpresentanappealingunderstandablesult. Theviewer
alignedaccesdglistortionmaybeappliedin conjunctiorwith

anothespacallocationalgorithmto furtherimprovethevis-

ibility of thefocus.

Futureplansfor this concepincludetheapplicationof the
ideaspresentedhereto bothgeneraBD graphstructuresand
to solid 3D data.An examinatiorof the potentialuseof per
ceptualcues(3D grids, color andshading stereodisplay)to
revealthenatureof thedistortionswhenappliedto moregen-
eral datasets,is anotherareaof investigationwe intendto
pursue.
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