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Abstract

Somerecentdevelopmentsin theareaof multi-scaleviewing
haveconcernedthecreationof suchviews from magni�cation
factorsasinput. Wepresentanalgorithmin whichmagni�ca-
tion factorsareuseddirectly to controlthecreationof amulti-
scaleview in a 3D baseddistortionviewing. Our algorithm
reliesonthebasicgeometryof aperspectiveview volume,the
propertiesof which provide a singlestepconversionbetween
magni�cationandtransformation.

1 Intr oduction

Researchin effective useof screenspacenow offers a vari-
ety of methodsfor providing singleimagemulti-scalevisual
explorationenvironments[2, 5]. Furnasand Bederson's in-
troductionof SpaceScaleDiagrams[4] showedhow concep-
tualizingthesetransformationsin 3D facilitatesgreaterunder-
standing.Thispaperexplainshow a3Dframework canexploit
thepropertiesof asinglepointperspectiveprojectionto create
multi-scaleviewsdirectly from magni�cationspeci�cations.

Figure1: Singlefocusmulti-scaleview.

In section 2 we outline two mathematicalframeworks
used for the creation of multi-scale presentationsof two-
dimensionalinformation. Section3 derivestheexactmethod
we useto allow speci�cationof themagni�cationfactorfor a
lens. In section4 we discussthe similaritiesbetweendiffer-
entmethodsandcontrastthecomplexity of ouralgorithmwith
thatof apreviousmethod.Finally, conclusionsaredrawn in 5.

2 Creating Multi-scale Views

There are many methodsfor producing multi-scale views
(for surveys see[16, 10, 7]). All of thesemethodsadjust
the presentationof two-dimensionalrepresentations.For the
purposesof this discussionwe note one broad distinction.
Most[1, 9,14, 13, 5] makeuseof transformationfunctionsthat
areappliedin thetwo-dimensionalplaneof therepresentation.
A few [8, 12, 2] manipulatethe two-dimensionalrepresenta-
tion in three-dimensionsandthenapplyperspectiveprojection
to achieve theirmulti-scaleviews.

2D BasedApproaches. The two-dimensionallybasedap-
proachescreate a new presentationor view by spatially
adjusting a given two-dimensionallayout to another two-
dimensionallayout. A 2D transformationfunction performs
adjustmentsin � and/or � . The resultingpatternof magni�-
cationandcompressionis thederivative of thetransformation
function. The reverse,determiningthe transformationfunc-
tion from themagni�cationfunctionis non-trivial in 2D.

Keahey andRobertson[6] notethatanappropriateinterac-
tion methodis to allow theuserto createmulti-scaleviewsby
requestingthe patternmagni�cation that suitstheir task,and
describeaniterativeapproachthatachievesthis. Theirmethod
startswith a grid anda setof desiredmagni�cationamounts.
The grid is adjustediteratively, ensuringno grid point over-
lapuntil thedifferencebetweenthemagni�cationprovidedby
theadjustedgrid andthedesiredmagni�cation is suf�ciently
small. They use3D images,representingmagni�cation �elds
asa height�eld, to illustratethe effect of the transformation
function[6].

3D Based Approaches. The three-dimensionalbasedap-
proachesarequitedifferentalgorithmically. Theplaneor sur-
facethatholdsthetwo-dimensionalrepresentationis manipu-
lated in threedimensions,then viewed throughsingle point
perspective projection. The transformationfunction results
from the combinationof the manipulationof the surfaceand
theperspective projectionof it. As we will show in section3
thiscombinationsimpli�es themathematicsof therelationship
betweenmagni�cationandtransformationto thegeometryof
similar triangles.

In a perspective framework thetwo-dimensionalsurfaceis
placedonthe ����� planeparallelto theviewplaneatadistance
alongthe � axisfrom theviewpointwhichde�nesunit magni-
�cation. Singlepointperspectiveprojectionin thisorientation
preservesangles,proximity, andparallelismon all ����� planes
andhasvisual realismfrom theperspective foreshorteningin

� . The scaleor magni�cation factorof planesparallelto the
viewplaneis a functionof thedistancefrom theviewpoint.

The surfacemanipulationis achieved in this manner. The
focalregionof alensisde�nedpositionallyandparametrically
sothatit providesthedesiredmagni�cation.Visualintegration



from the focal region into the context is provided by a drop-
off function. We frequentlyusea Gaussiandrop-off function
sinceits naturalbell curve integratessmoothlyinto both the
focusandthecontext. Pointsonthesurfacearethentranslated
dependingon thevalueof thedrop-off functionwhenapplied
to the distanceof the point from the focal region. To ensure
full visibility anduniform magni�cationresponsethefoci are
viewer-alignedandthetranslationvectorsarenormalizedin � ,
(for completeexplanationsee[2]). The extent of the spread
of thedistortioninto thecontext canbeusercontrolledby ad-
justing the domainand rangeof the drop-off function. The
manipulatedsurfaceis thenviewed throughperspective pro-
jection.

Figure2: 3D surfacemanipulationandresultingtransformed
view.

In our explanationsof 3D basedtransformations,we have
used3D imagesthatshow themanipulatedsurface(Figure2,
left). Thoughtheseimageshave visual similaritieswith the
imagesof 3D magni�cation �elds, they arerepresentingstep
onein atwo stepalgorithminsteadof theresultof thetransfor-
mation.Figure2, centreis acrosssectionshowing theviewer-
alignedtranslationvectors,andFigure2, right, is theapparent
transformationviewedthroughperspective.
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Figure3: Theperspective view-volume.

3 Magni�cation and Transf ormation in
a Perspective Framework

In the2D basedapproachestherearetwo factors;transforma-
tion andmagni�cation. In our3D perspectiveframework there
arethreefactors;theapparenttranslationin � and � , theactual
translationin � andtheperceivedmagni�cation.As illustrated
in Figure3 theviewpoint is centreddirectlyabove thesurface
alongthe � -axis,at anestablisheddistance��� . Translatinga
sectionof the surfaceto a height � in � createsa changein

magni�cation ����� . Perspective projectionappearsto move a
point from its initial locationat 	 ��
�����
�
 to 	 ��� ������
 .

Both theapparenttransformationin � and � andtheresult-
ing magni�cationfactor, ����� , canbereadilycalculatedfrom
thesurfaceheight, � . Additionally, theheightcanbederived
given either the magni�cation factoror the � and � transla-
tions.Figure4 illustratesthis for � 
 .
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Figure4: Similar trianglesshow therelationshipsbetween� -
translationandmagni�cation in singlepoint perspective. The
lateraldistancebetweenthe projectionsof �


 and ��� at the
surfacepositionis themagni�cationof informationat ��
 .

Figure5: Magni�cation of a uniform grid by 3 timesand6
timesrespectively.

Given: Surface Height. A point ��
 on the baseplane(re-
fer to Figure 4) is translateda � distance,� , to locateit at

��� ��	 ��
�����
���	 ��
�����
�
 . Theprojectionof ��� ontheview plane
is distance��� away orthogonallyfrom the view axis on the
baseplane.Thereforethemagni�cationis theperceivedtrans-
lation ��� � ��
 .

The coordinates��� and ��� are calculatedas shown for
��� :
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Themagni�cationfactoris:
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Thesecoordinatesallow theoptionof performingtransfor-
mationdirectly by translatingthepoint in � and � or through
perspective by adjustingits height. This correspondsto dis-
placement,respectively laterallyto theview axisandparallel
to theview axis. The � and � translationcorrespondsdirectly
to othertransformationsthatoperatein theplane[9, 13, 5].

Figure6: Two in context magni�cationzoomsof theMerced
RiverandSentinelDomein YosemiteNationalPark. Thelens
following MercedRiverusesapoly-linefocuswith a2x mag-
ni�cation factorandlineardrop-off, for SentinelDomethereis
a3x magni�cationwith apointfocusandaGaussiandrop-off.

Given: Magni�cation Factor.
Givena magni�cationfactor ����� , the � displacement� is

obtainedfrom � � .
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Thecoordinates��� and ��� arecalculatedasabove.

Given: Transformed coordinates.
In theprojectedview, thetransformedimageis theresultof

apparentlateraltranslations,��� and ��� . If theknown quanti-
tiesarethetransformedcoordinates��� and ��� of theappar-
entlateraltranslations,theinitial coordinates�


 and �

 canbe

obtainedfrom � asfollows:
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The magni�cation factor is the sameas notedabove. To
obtaineither the the magni�cation factoror the initial coor-
dinates,both the transformedcoordinateand the height are
needed.

The simplicity of the relationshipsbetweenmagni�cation
anddisplacementis oneof themajoradvantagesof basingour
framework on perspective projection. We usethe magni�ca-
tion factorto computetheheightto which thesurfaceshould

bemaximallydisplaced,thedrop-off functioninterpolatesthe
magni�cation smoothly into the context wherethereis unit
magni�cation. This allows direct speci�cationof focal mag-
ni�cation. Figure5 shows magni�cationof a grid by two fac-
tors,threetimesandsix timesrespectively, and�gure 6 shows
asimilarmagni�cationinspectinga topographicalmap.

4 Discussion

The useof 3D perspective projectionto provide multi-scale
viewing accomplishesequivalent resultsto the 2D transfor-
mations,asshown in Figure7. The left imageasprintedin
this paperis, of course,2D. When it was snappedfrom the
screenit wasa 3D manipulatedsurfaceviewed throughper-
spective. Thecentreandright imageshow the3D surfaceand
the equivalent2D transformationrespectively. Whenviewed
from above the right imageappearsequivalentto the left im-
age.

A signi�cant distinction is the 3D presentationof our ap-
proach.This hasallowedinclusionof usersupportfor thein-
terpretationof thedistortedviews [3] by providing perceptual
cuesto the three-dimensionalshape.However, the �nal pre-
sentationcanbein eithertwo or threedimensionsandinterac-
tively exchanged(see�gure 7). Changingbetweenthetwo or
threedimensionalpresentationis achieved by applyingequa-
tion 1. Notethat if our methodonly supplieduswith ��� and

��� , thetransformedcoordinatesaswith other2D transforma-
tions,thesamesituationwould result.Themagni�cationfac-
tor would beequivalentlydif�cult to retrieve. However, as �

(or the � coordinate)of eachpoint is known, therelationships
remainasdescribedabove. This is animportantadvantageof
dividing thealgorithminto two steps.

While thesimplemathematicalrelationshipsbasedonsim-
ilar trianglesas describedin section3 are easyto use it is
importantto also considercomputationalcomplexity issues.
Multi-scale views of discretelayoutsare createdby adjust-
ing theindividual points. If thetransformationis appliedto a
grid, thegrid pointscanbeusedto adjusta surfacewhichcan
hold any 2D informationor image. As eachpoint in thegrid
mustbevisited,thesizeandresolutionof thegrid is the fac-
tor thatprimarily affectsthecomplexity of thealgorithm.The
grid sizeswe have beenusing(which allow interactive rates)
vary from (10x10)to (30x30). Our method,andall otherap-
proacheswith theexceptionof [6], arealsodependenton 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 Pylyshyn's stud-
ies [11] indicating that this numberis closerto four plus or
minusonefor moving objects,in normalusethe numberof
foci will rarelyexceedten. This meansthat for eachpoint in
thegrid wegenerallywill notexceedtenfocaloperations.

In contrast,the direct useof magni�cation �elds by Kea-
hey et al causesiterationthroughthegrid for eachpoint. The
numberof theseiterationsis in�uencedby thedegreeof mag-
ni�cation requested,with moreiterationsasmagni�cationin-
creases.Theiterationcontinuesuntil theachievedmagni�ca-
tion is within someerrortolerance.

5 Conc lusion

Wehavepresentedamethodfor directcontrolovermulti-scale
views throughspeci�cationof the magni�cation for focal ar-
eas.Theadvantagesof themethodoutlinedin this paperare
asfollows. Therelationshipsinvolved in magni�ed areasare
extremelysimple,givena perspective view volumethey con-
tainnothingmorecomplex thanthegeometryof similar trian-



Figure7: Exampleof themulti-scaleview, thethreedimensionalsurfaceaccomplishingtheview andthatsurfaceprojectedback
into the original planeof the surfacewith equation1. The view appliedto the SFU campus,the foci zoom in on downtown
Vancouver andtheacademicquadrangleatourcampus.

gles. The magni�cation is precisewithin focal regions,pre-
viousmethods[6] have computedthemagni�cationto within
someerrortolerance.Theinteractionis minimalandintuitive,
theuserneedsonly placethefocusandspecifythemagni�ca-
tion factor. Thecalculationfor providing themagni�cation is
computationallysimpleaddingonly onedivide andonesub-
tractperfocus.
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