Bringing the Advantages of 3D Distor tion Viewing into Focus
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Abstract

Somerecentdevelopmentsn the areaof multi-scaleviewing

have concernedhe creationof suchviews from magni cation

factorsasinput. We presentinalgorithmin which magni ca-

tion factorsareuseddirectly to controlthe creationof a multi-

scaleview in a 3D baseddistortionviewing. Our algorithm
reliesonthebasicgeometryof a perspectie view volume,the

propertiesof which provide a single stepcorversionbetween
magni cationandtransformation.

1 Introduction

Researchn effective useof screenspacenow offers a vari-
ety of methodsfor providing singleimagemulti-scalevisual
exploration ervironments[2, 5]. Furnasand Bedersors in-
troductionof SpaceScaleDiagrams4] shaved how concep-
tualizingtheseransformationin 3D facilitatesgreaterunder
standing.This paperexplainshow a 3D framewvork canexploit
thepropertieof asinglepoint perspectie projectionto create
multi-scaleviews directly from magni cationspeci cations.

Figurel: Singlefocusmulti-scaleview.

In section2 we outline two mathematicalframenorks
usedfor the creation of multi-scale presentationf two-
dimensionainformation. Section3 derivesthe exact method
we useto allow speci cationof the magni cationfactorfor a
lens. In section4 we discussthe similaritiesbetweendiffer-
entmethodsandcontrasthecompleity of ouralgorithmwith
thatof apreviousmethod.Finally, conclusionsaredravnin 5.
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2 Creating Multi-scale Views

There are mary methodsfor producing multi-scale views
(for suneys see[16, 10, 7]). All of thesemethodsadjust
the presentatiorof two-dimensionatepresentationsFor the
purposesof this discussionwe note one broad distinction.
Most[1, 9,14, 13, 5] malke useof transformatiorfiunctionsthat
areappliedin thetwo-dimensionaplaneof therepresentation.
A few [8, 12, 2] manipulatethe two-dimensionatepresenta-
tion in three-dimensionandthenapplyperspectie projection
to achieve their multi-scaleviews.

2D Based Approaches. The two-dimensionallybasedap-
proachescreate a nev presentationor view by spatially
adjusting a given two-dimensionallayout to anothertwo-
dimensionalayout. A 2D transformatiorfunction performs
adjustmentsn and/or . The resultingpatternof magni -
cationandcompressioris the derivative of the transformation
function. The reverse,determiningthe transformatiorfunc-
tion from themagni cationfunctionis non-trvial in 2D.

Keahg andRobertsori6] notethatanappropriaténterac-
tion methodis to allow the userto createmulti-scaleviews by
requestinghe patternmagni cation that suitstheir task,and
describeaniterative approachhatachievesthis. Theirmethod
startswith a grid anda setof desiredmagni cationamounts.
The grid is adjustediteratively, ensuringno grid point over-
lap until thedifferencebetweerthemagni cationprovidedby
the adjustedgrid andthe desiredmagni cationis sufciently
small. They use3D images representingnagni cation elds
asa height eld, to illustratethe effect of the transformation
function[6].

3D Based Approaches. The three-dimensionabasedap-
proachesrequite differentalgorithmically The planeor sur

facethatholdsthe two-dimensionatepresentatiors manipu-
latedin threedimensionsthen viewed throughsingle point

perspectie projection. The transformationfunction results
from the combinationof the manipulationof the surfaceand
the perspectie projectionof it. As we will shav in section3

thiscombinatiorsimpli es themathematicsf therelationship
betweermagni cationandtransformatiorto the geometryof

similartriangles.

In a perspectie framavork the two-dimensionakurfaceis
placedonthe planeparallelto theviewplaneata distance
alongthe axisfrom theviewpointwhichde nesunit magni-
cation. Singlepointperspectie projectionin this orientation
preseresanglesproximity, andparallelismon all planes
andhasvisualrealismfrom the perspectie foreshorteningn

. The scaleor magni cation factor of planesparallelto the
viewplaneis a functionof thedistancefrom theviewpoint.

The surfacemanipulationis achiezed in this manner The
focalregionof alensis de ned positionallyandparametrically
sothatit providesthedesiredmagni cation. Visualintegration



from the focal region into the context is provided by a drop-
off function. We frequentlyusea Gaussiardrop-of function
sinceits naturalbell curve integratessmoothlyinto both the
focusandthecontet. Pointsonthesurfacearethentranslated
dependingon the valueof the drop-of functionwhenapplied
to the distanceof the point from the focal region. To ensure
full visibility anduniformmagni cationresponsehefoci are
viewer-alignedandthetranslatiorvectorsarenormalizedn
(for completeexplanationsee[2]). The extent of the spread
of thedistortioninto the context canbe usercontrolledby ad-
justing the domainand rangeof the drop-of function. The
manipulatedsurfaceis thenviewed throughperspectie pro-
jection.

magni cation . Perspectie projectionappear¢o move a
pointfrom its initial locationat

to .
Boththeapparentransformatiorin and andtheresult-
ing magni cationfactor , canbereadily calculatedrom
the surfaceheight, . Additionally, the heightcanbe derived
given eitherthe magni cation factoror the and

transla-
tions. Figure4 illustratesthis for

Figure2: 3D surfacemanipulationandresultingtransformed
view.

In our explanationsof 3D basedransformationsye have
used3D imagesthatshav the manipulatedsurface(Figure?2,
left). Thoughtheseimageshave visual similaritieswith the
imagesof 3D magni cation elds, they arerepresentingtep
onein atwo stepalgorithminsteadf theresultof thetransfor

mation.Figure2, centreis acrosssectionshawing theviewer

alignedtranslatiorvectorsandFigure2, right, is theapparent
transformatiorviewedthroughperspectie.
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Figure3: The perspectie view-volume.
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Figure4: Similar trianglesshav the relationshipsetween -
translationandmagni cationin singlepoint perspectie. The
lateral distancebetweenthe projectionsof  and

at the
surfacepositionis themagni cation of informationat
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Figure5: Magni cation of a uniform grid by 3 timesand 6
timesrespectiely.

3 Magni cation and Transformation in
a Perspective Framework

In the 2D basedapproachetherearetwo factorsitransforma-
tion andmagni cation. In our3D perspectie framevork there
arethreefactorstheapparentranslatioin and , theactual
translationn andthepercevedmagni cation. Asiillustrated
in Figure3 theviewpointis centreddirectly above the surface

alongthe -axis,atanestablishedlistance . Translatinga

sectionof the surfaceto a height

in createsa changein

Given: Surface Height. A point  on the baseplane(re-
fer to Figure4) is translateda distance, , to locateit at

. Theprojectionof  ontheview plane
is distance

away orthogonallyfrom the view axis on the
baseplane.Thereforehemagni cationis thepercevedtrans-
lation .

The coordinates  and are calculatedas shavn for

1)



Themagni cationfactoris:

Thesecoordinatesllow the optionof performingtransfor
mationdirectly by translatingthe pointin  and or through
perspectie by adjustingits height. This correspondso dis-
placementrespectiely laterallyto the view axisandparallel
totheview axis. The and translationcorrespondslirectly
to othertransformationshatoperaten theplane[9, 13, 5].

Figure6: Two in context magni cation zoomsof the Merced
RiverandSentinelDomein YosemiteNationalPark. Thelens
following MercedRiver usesa poly-line focuswith a 2x mag-
ni cation factorandlineardrop-of, for SentineDomethereis
a3x magni cationwith a pointfocusanda Gaussiamrop-of.

Given: Magni cation Factor.
Givenamagni cationfactor
obtainedrom

,the displacement is

Thecoordinates and arecalculatecasabore.

Given: Transformed coordinates.

In theprojectedview, thetransformedmageis theresultof
apparentateraltranslations, and . If theknown quanti-
tiesarethetransformedtoordinates and  of theappar
entlateraltranslationstheinitial coordinates and canbe
obtainedrom asfollows:

The magni cation factoris the sameas notedabore. To
obtain either the the magni cation factor or the initial coor
dinates,both the transformedcoordinateand the height are
needed.

The simplicity of the relationshipshetweenmagni cation
anddisplacemenis oneof the majoradwantage®f basingour
framawork on perspectie projection. We usethe magni ca-
tion factorto computethe heightto which the surfaceshould

bemaximallydisplacedthedrop-of functioninterpolateghe
magni cation smoothlyinto the context wherethereis unit
magni cation. This allows direct speci cationof focal mag-
ni cation. Figure5 shavs magni cationof a grid by two fac-
tors,threetimesandsix timesrespectiely, and gure 6 shavs
asimilarmagni cationinspectingatopographicamap.

4 Discussion

The useof 3D perspectie projectionto provide multi-scale
viewing accomplishesquialent resultsto the 2D transfor
mations,asshavn in Figure7. Theleft imageasprintedin
this paperis, of course,2D. Whenit was snappedrom the
screenit wasa 3D manipulatedsurfaceviewed throughper
spectve. Thecentreandrightimageshav the 3D surfaceand
the equivalent2D transformatiorrespectiely. Whenviewed
from above theright imageappearsequialentto the left im-
age.

A signi cant distinctionis the 3D presentatiorof our ap-
proach.This hasallowed inclusionof usersupportfor thein-
terpretatiorof the distortedviews [3] by providing perceptual
cuesto the three-dimensionashape.However, the nal pre-
sentatiorcanbein eithertwo or threedimensionsandinterac-
tively exchangedsee gure 7). Changingbetweerthe two or
threedimensionapresentations achieved by applyingequa-
tion 1. Notethatif our methodonly supplieduswith and

, thetransformedcoordinateaswith other2D transforma-
tions, the samesituationwould result. The magni cationfac-
tor would be equialently dif cult to retrieve. However, as
(orthe coordinatepf eachpointis known, therelationships
remainasdescribedabore. Thisis animportantadvantageof
dividing thealgorithminto two steps.

While the simplemathematicatelationshipdasedon sim-
ilar trianglesas describedin section3 are easyto useit is
importantto also considercomputationakcompleity issues.
Multi-scale views of discretelayoutsare createdby adjust-
ing theindividual points. If the transformationis appliedto a
grid, thegrid pointscanbe usedto adjusta suriacewhich can
hold ary 2D informationor image. As eachpointin the grid
mustbe visited, the sizeandresolutionof the grid is the fac-
tor thatprimarily affectsthe compleity of thealgorithm.The
grid sizeswe have beenusing(which allow interactve rates)
vary from (10x10)to (30x30). Our method,andall otherap-
proachewith the exceptionof [6], arealsodependenon the
numberof foci. At every grid point a calculationis madeto
determinethe in uence of eachfocus. Consideringthe lit-
eraturethat indicatesthat humanstendto hold seven plus or
minustwo [15] staticobjectsin memory or Pylyshyns stud-
ies [11] indicating that this numberis closerto four plus or
minusone for moving objects,in normalusethe numberof
foci will rarely exceedten. This meanghatfor eachpointin
thegrid we generallywill notexceedtenfocal operations.

In contrast,the direct useof magni cation elds by Kea-
hey etal causesterationthroughthe grid for eachpoint. The
numberof theseiterationsis in uencedby thedegreeof mag-
ni cation requestedwith moreiterationsasmagni cationin-
creasesTheiterationcontinuesuntil the achieved magni ca-
tion is within someerrortolerance.

5 Conclusion

We have presentedmethodfor directcontrolover multi-scale
views throughspeci cationof the magni cation for focal ar
eas. The adwantagesf the methodoutlinedin this paperare
asfollows. Therelationshipsnvolvedin magni ed areasare
extremelysimple,given a perspectie view volumethey con-
tain nothingmorecomplex thanthe geometryof similar trian-



Figure7: Exampleof the multi-scaleview, the threedimensionakurfaceaccomplishinghe view andthatsurfaceprojectedback
into the original plane of the surfacewith equationl. The view appliedto the SFU campus,the foci zoomin on dowvntowvn

Vancouer andtheacademiguadrangletour campus.

gles. The magni cationis precisewithin focal regions, pre-
viousmethodg6] have computedhe magni cation to within
someerrortolerance Theinteractionis minimal andintuitive,
theuserneedsnly placethefocusandspecifythemagni ca-
tion factor The calculationfor providing the magni cationis
computationallysimpleaddingonly onedivide andone sub-
tractperfocus.
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