
In Proc.IMC 2000- Workshopon IntelligentInteractive AssistanceandMobile Computing 1

General Rectangular FishEye Views for 2D Graphics

UweRauschenbach,StefanJeschke,HeidrunSchumann
Universityof Rostock,ComputerScienceDepartment,D-18051Rostock,GERMANY

Keywords. Mobile computers, Fisheye views,
Focus-and-context techniques,Graphicaldisplays.

Abstract. This paper describesthe RECTANGU-
LAR FISHEYE V IEW for the combinedpresentation
of 2D rasterimages,2D vectorgraphicsandtext. A
detailedpresentationof theareaof highestuserinter-
est(thefocus)is integratedinto alower-detailcontext
displayproviding anoverview. Screenspaceis saved
by downscaling(distorting)thecontext. Thegeomet-
ric layoutof theview is assembledusingrectangular
regions. Threedifferentcontext modesareproposed
to providefor computationalscalability. Performance
andquality implicationsof two differentimplementa-
tion optionsarecompared.

1 Introduction and Related Work

Ultra-portablecomputershave becomemorepower-
ful andpopularin recentyears,andapplicationsde-
velopedfor desktopcomputersare being ported to
thesesmall devices. Mobile computerssuffer from
limited screenspacecomparedto stationaryequip-
ment,however. Focus-and-context techniquescanbe
usedto decreasethescreenspacedemandsof graph-
ical and non-graphicalinformation displays. Such
techniquestradeoff thetwo conflictingusergoalsde-
tail andoverview.

In visualizationresearch,fisheyeviewshavebeenpro-
posedto reducethe spacedemandsof very large
graphical layouts for presentationon workstation
monitors. The nonlinearmagnificationhomepage
[1] containsmany publicationsregardingthis topic.
Fisheye viewscombinea detailedpresentationof the
areaof highestuserinterest(calledthe focus) with a
downscaledanddistortedcontext displaywhich pro-
videsanoverview. Such,they maintainahighdegree

of detail and fidelity in interestingareas,combined
with displayspacesavingsfor thecontext.

Most fisheye techniques(e.g.,hyperbolicviewers[3]
or nonlinearmagnification[2]) usedifferent distor-
tion parametersfor every display pixel. Sincethis
requireshigh computationpower, it maynot besuit-
ablefor many resource-limitedmobiledevices.Here,
techniquesarepreferredwhich usethe samedistor-
tion over large,easilydescribableareasto save com-
puting resources. The rubber sheettechnique[6]
meetstheserequirementsdividing agraphicaldisplay
into vertical and horizontal stripes,eachof which
maybeassignedadifferentscalingfactor.

In [4, 5], we have proposeda techniquecalled the
RECTANGULAR FISHEYE V IEW which is tailored
to the presentationof large rasterimageson small
screenscombinedwith supportfor thewavelet-based
transmissionof these imagesover low-bandwidth
links fromaremoteimageserver. Thisschemepropa-
gatesthescreenspacesavingsachievedby distorting
the context to the transmissionsystem,transferring
only thoseimagedatawhicharerequiredfor display.
The tight couplingwith the transmissioncontrol im-
posessomerestrictions.To supportwavelets,scaling
factorshave to be powersof two which restrictsthe
context definitionandallowedzoomingonly in these
steps.Furthermore,only rasterimagesaresupported.

Thispaperdescribesageneralisationof theRECTAN-
GULAR FISHEYE V IEW for thedisplayof rasterim-
ages,2D vectorgraphicsandtext on small devices.
By disregardingthetransmission,we areableto pro-
vide smoothzoomingandgreaterflexibility for the
context definition. Threecontext definition modes
with differentquality andcomputationalcomplexity
will be distinguishedand their advantagesand dis-
advantageswill be shown. We will briefly discuss
interactiontechniquesand opportunitiesfor perfor-
manceoptimisationsfor devices with limited com-
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Figure1: Illustrationof thefisheye transformation.

putingpower. Furthermore,we considerhow to im-
plementthecontext modesandcomparetheir visual
qualityandtheresultingresponsetimes.

The paperis structuredasfollows: After describing
thebasicideaof theRECTANGULAR FISHEYE V IEW

in section2, wearegoingto discussthethreecontext
modesand their underlyinggeometrycomputations
in section3. The sections4 and 5 deal with inter-
activity andimplementationissues,respectively. Fi-
nally, section6 discussessomeresults,andsection7
providesa summary.

2 The RECTANGULAR FISHEYE VIEW

Beforewe introducethe variouscontext modes,we
first describethe generallayout of the RECTANGU-
LAR FISHEYE V IEW.

The proposedschememapsa graphicallayout onto
a canvaswindow in a space-saving manner. A logi-
cal coordinatesystemmustbeprovidedin which the
graphicallayout canbe specified.In this coordinate
space,a rectangularregioncalledthe logical window
definesthe part of the layout to be displayed. The
forwardmapping(denotedasfisheyetransformation)
is requiredfor graphicaloutputandconvertslogical
coordinatesinto device coordinates.The respective
inversemappingis neededfor convertingdevice co-

ordinatesto logical coordinatesduring graphicalin-
teraction.Fig. 1 illustratesthis.

Fisheye techniquesdisplay a defined part of the
graphicallayout (the focusregion) at a high degree
of detail. In the RECTANGULAR FISHEYE V IEW, a
rectangularfocusis usedsincethis simplegeometry
providesa goodorientationfor theuserandrequires
only a modestcomputationeffort. All partsof the
layout in the focusregion arescaleduniformly. The
scalefactor (denotedas zoomfactor) can be modi-
fied interactively by the userto control the tradeoff
betweenoverview anddetail.

The display spacein the canvas window not occu-
pied by the focus is usedto presentthe remaining
partsof the graphicallayout ascontext information.
This is achieved by grouping one or more context
beltsaroundthefocus.Eachbelt is composedof sev-
eralgrid rectangleswhicharedownscaledduringthe
fisheye transformationin orderto save screenspace.
Fig.2 illustratestheproposedbeltscheme1. Thescale
factorsof thecontext beltsarechosensuchthatthere-
sulting RECTANGULAR FISHEYE V IEW alwaysfits
exactlyinto theavailablespaceof thecanvaswindow.

SarkarandBrown [6] list desirablefeaturesof fish-

1For consistency, the focus is representedas belt 0. The re-
mainingbeltsform thecontext andareassignedincreasingindices
with growing distancefrom thefocus.
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eye views. Regardingthe integration of focus and
context, they demandthat the focusshouldbe fitted
smoothlyinto thecontext andthat the level of detail
in the context areashouldbe a smoothfunction of
distancefrom thefocus.

To provide smoothness,the downscalingfactor has
to bedifferentfor every pixel in thecanvaswindow.
This requiresa largecomputationeffort which poses
problemsonlow-resourcemobiledevices.Therefore,
we proposethreedifferentcontext modeswith vary-
ing computationdemandsin order to provide com-
putational scalability. Sucha context modecanbe
describedby thenumberof context beltsandthecon-
text scalingmethodused(seenext section).

Figure2: Thebeltsandgrid rectanglesof theRECT-
ANGULAR FISHEYE V IEW.

3 Geometry Computations

Before we discussthe different context modes,we
first describethe calculationof the focusand intro-
duceconditionscommonto all threemodes.

3.1 Definition of the focusand the contextbelts

To specify the fisheye andthe inversefisheye trans-
form, we first introducesomeinput parameters.For
distinguishingbetweenthe two coordinatesystems,
weusevariablenamesstartingwith � to representde-
vice coordinatesandnamesstartingwith

�
to denote

logical coordinates:

� ��� ���
Width of logical window� �
	 ���
Heightof logical window� ��� ��� Width of canvaswindow� �
	 �
� Heightof canvaswindow

To describethe belts including the focus,we intro-
duce the notation

� ��� � � � �
resp. � ��� � � � � for the

boundarycoordinatesof the � -th belt ( ����� ) in the
four directions

����� � �  !� " � � #$" % � 	 & � " ' � � � � (�)
asfol-

lows:

� ��� � � � ���
Borderof belt � in direction

�
in thelogical window� ��� � � � ��� Borderof belt � in direction

�
in thecanvaswindow

Theusercanspecifyandinteractively changethepo-
sition of the focusboundariesusingeitherlogical or
device coordinates.In the logical window, thesepa-
rametersdeterminewhich sectionof the layout the
useris interestedin most.In thecanvaswindow, they
definewhereandat which sizetheareaof interestis
displayed(seealsofig. 1). To determinethemagnifi-
cationof thefocus,a focusscalingfactor * � + � � ,.- / 0 1
hasto bespecified.Fromtheseparameters,width and
heightof thefocuscanbecalculated:

� ��� � 243 * � + � � ,.- / 0 1657� ��� � 2 (1)� �
	 � 243 * � + � � ,.- / 0 1657� �
	 � 2 (2)� ��� � 2438� ��� � 9 : ; < = � 2?>�� ��� � @ A B = � 2
(3)� �
	 � 2438� ��� � = - C � 2D>E� ��� � F - = = - GD� 2
(4)� ��� � 243 � ��� � 9 : ; < = � 2D> � ��� � @ A B = � 2 (5)� ��� � 243 � ��� � = - C � 2D> � ��� � F - = = - G?� 2 (6)

Analogously, the widths
� ��� � � � �

and � ��� � � � � of a
belt � ( �IHJ� ) in thedirection

�
aredefinedas:

� ��� � � � �43LK � ��� � � � �?>�� ��� � � � � M$N K
(7)� ��� � � � �43LK � ��� � � � �?> � ��� � � � � M$N K (8)

Given the above definitionsandthe userdefinedpa-
rameters� ��� � � � 2 , the logical coordinates

� ��� � � � 2
of
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thefocuscannow becomputedasfollows:

O P�Q R S T U V W X�Y[Z P�Q R S T U V W X?\ ] O ^�_ `�aEO ^�_ ` X b
Z ^�_ `�a Z ^�_ ` X7ced (9)

O P�Q R V f g W X�Y[Z P�Q R V f g W X?\ ] O h
i j6aEO h
i j X b
Z h
i j6a Z h
i j XDcJd (10)

O P�Q R k l m n V W X�YeO P�Q R S T U V W XDcEO ^�_ ` X
(11)O P�Q R o f V V f p?W X�YJO P�Q R V f g W X7cqO h
i j X
(12)

The degreeof detail in the focusis specifiedby the
userby meansof theparameterr Z s O t u$f v w x . To scale
thecontext belts,parametersr Z s O t y$f z V T { V W | areused
whoseexacttypeis determinedby thecontext mode.
Sincethefocusrepresentstheareaof highestuserin-
terest,it hastobethepartof thedisplaywith thehigh-
estdegreeof detail. Thus, the following constraint
appliesto thescalingfactors:

}!` r Z s O t u.f v w x?~ r Z s O t y$f z V T { V W | (13)

If the constraint13 is violated (e.g, if r Z s O t u.f v w x
is definedtoo small by the user),anotherparameter
(e.g.,thefocussize)hasto beadjusteduntil thecon-
straintis satisfied.

3.2 Context modes

In order to provide scalability with respect to
the tradeoff betweensmoothnessandcomputational
requirements,we propose three different context
modes.

3.2.1 Uniform context scaling. Theuniformcon-
text scalingis a straightforwardandcomputationally
inexpensivewayof mappingthecontext ontothecan-
vas.Only onecontext belt is used,which is scaledto
fit into thespaceon thecanvasleft by thefocus.This
belt consistsof 8 grid rectangles,which are scaled
by possiblydifferent factorsin X and Y direction.
Fig. 3(a) shows an example. Thescalingfactorsare
computedasfollows:

r Z s O t y$f z V T { V W |?Y Z
^�_ ` | W �
O ^�_ ` | W � (14)

3.2.2 Belt-based context scaling. This context
modeusesseveralcontext beltsandhasalreadybeen
proposedin [5]. By this scheme,displayinglessde-
tail with increasingdistancefrom thefocusis donein

(a)uniform

(b) belt-based

(c) non-uniform

Figure3: Context scalingmodeexamples.

discretesteps.The resultingfisheye view still lacks
smooth transitionsbut can be computedvery fast
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sincelarge areasareassignedthe samescalingfac-
tor (which mayagainbe differentin X andY direc-
tion). In orderto decreasethe discontinuities,more
beltscouldbeused.However, this leadsto increased
computationaleffort.

In our systempresentedin [5], the context is fully
configurablewith respectto thenumberandwidth of
thebelts. Experienceshave shown, that two or three
context belts of the samewidth in the canvas win-
dow usingscalingfactors ��� � � � �$� � � � � � � � � � decreas-
ing by powersof two with increasingdistancefrom
the focus provide a suitablecontext weighting for
many applications.On ultra-portabledevices,sucha
design-timecontext definition offers the advantages
of simplified use and reducedcomputationalcom-
plexity over an interactive configurationof the con-
text.

Fig. 3(b) shows an examplewith threebelts. The
parameter��� � � � �$� � � � � � � � � � of the innermostcontext
belt providesthenecessarydegreeof freedomto ex-
actly fit the contentsof the logical window into the
canvaswindow. For the remainingbelts, scalingis
performedasfollows:

��� � � � �$� � � � � � � � � �
� � ��� � � � �
� ��� � � � � (15)

��� � � � �$� � � � � � � � � ���8��� � � � �$� � � � � � � � � � � � (16)

��� � � � �$� � � � � � � � � ���8��� � � � �$� � � � � � � � � � � � (17)

Since the innermost belt is assignedthe largest
scaling factor, ��� � � � �$� � � � � � � � � � has to satisfy con-
straint13.

3.2.3 Non-uniform context scaling. Therequire-
ment of a smoothtransition from the focus to the
context andsmoothweightedcontext scalingcanbe
achievedby usingnon-uniformscaling.Thebelt lay-
out is thesameasin theuniform case- a singlecon-
text belt is used.Unlike in theformercase,thecon-
text scalingfactoris decreasingcontinuallywith in-
creasingdistancefrom the focusboundary. Concep-
tually, this scalingmodecanbe seenascomposing
thecontext of a very largenumberof narrow context
belts. In order to maintainthe geometricproperties
of the layout in the areaof interest,the focusregion
is still scaleduniformly.

Fig. 3(c) shows an example. The fisheye view fea-
turesa high visualquality becausenon-uniformscal-

ing greatlyreducesdiscontinuities.However, it is de-
mandingwith respectto computingpower.

Figure4: Theideaof non-uniformcontext scaling.

In order to achieve a small scaling factor near the
window boundaryanda largeonenearthefocus,the
degreeof distortion is controlledby an exponential
functionwith a user-definableparameter� . Fig. 4 il-
lustratesthis for one direction ( �e��� � �!� ). In log-
ical coordinates,the parameter� always runs on a
line from 0 at theboundaryof thelogical window to
thecorrespondingfocusboundary� �D� � � �¡  �¢� £�¤ ¥ � .
Analogously, � ¦ is definedin devicecoordinates.The
position � ¦ of a pixel on the line in the RECTANGU-
LAR FISHEYE V IEW is computedfrom its position �
in thelogical window asfollows:

� ¦ �e� §7¨ � ¦�7� � � �© � �7� � � � ª § (18)

Given this coordinatemapping,the context scaling
canbeperformedusingseparableimagewarpingal-
gorithms(cf. section5). Theexponent� canbespec-
ified by theuserbut mayhaveto beadaptedto satisfy
constraint13. To checkthis constraint,we consider
thedevicecoordinatesof thefirst context pixel imme-
diatelyoutsidethefocusboundaryin direction � and
transformthemto logical space.The variables� « � �
and � ¦« � � denotethe positionof thatpixel on the line
betweenwindow and focus boundaryin the canvas
resp. the logical window. Having that,we cancom-
putethecontext scalingfactorto beusedfor checking
constraint13asfollows:

��� � � � �$� � � � � � � �?� � ¦�D� � � �D¬ � ¦« � �� �D� � � � ¬ � « � � (19)

�
­

� �D� � � � ¬ � « � � (20)
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4 Interaction

Downscalingthe context savesscreenspacebut de-
creasesthe degreeof detail. Thus,the usermustbe
enabledto re-positionandre-scalethe focusshould
the areaof interestchange.Theseinteractionfunc-
tions provide a meansfor an intuitive explorationof
thelayout.

4.1 Interaction functions

ThemostimportantfunctionsMoveFocus, Jump-
Focus andDefineFocus allow to re-positionthe
focus. WhereMoveFocus denotessmall andcon-
tinuouspositionchanges(e.g.,draggingthefocusus-
ing themouse),JumpFocus allowsfor fastposition-
ing thefocusin anotherarea(e.g.,by a mouseclick).
DefineFocus canbeusedto directlyspecifyanew
sizeandpositionof thefocus.

Alreadyin section 2, wehavedescribedthatthepart
of the graphicallayout in the focus is mappedonto
the canvasusinga scalingfactor ®�¯ ° ± ² ³.´ µ ¶ · . This
factor controlsthe degreeof detail in the focus. It
canbe definedinteractively using the ZoomFocus
function in order to adaptthe tradeoff betweenthe
aspectsdetailandoverview to thetaskathand:

¸ A small ®�¯ ° ± ² ³$´ µ ¶ · provides less detail in
thefocusandaccentuatestheoverview aspect,
sincethe focusregion on the canvasis small,
leaving morespacefor thecontext andthusal-
lowing lessdistortion.¸ A large ®�¯ ° ± ² ³.´ µ ¶ · leadsto a greatdegreeof
detail in the focusandthusfocuseson thede-
tail aspect.Thereis little spacefor thecontext,
requiringstrongdistortion.

By meansof theResizeFocus function, the user
caninteractively modify the sizeof the focus in the
canvaswindow. Thereare two differentopportuni-
tieshow this changecanaffect theparametersof the
fisheye transformation.

¸ First, the sizeof the focus in the logical win-
dow canbeincreasedproportionally, changing± ¹�º » ¼ ½ ¾ andleaving ®�¯ ° ± ² ³$´ µ ¶ · constant.This
socalledarea modeallows to enlargeor col-
lapsethe part of the layout to be displayedin
thefocusandthusto adapttheareaof interest
to changeduserneeds.

¸ Second,the focusscalefactorcanbeadapted,
leaving theportionof thelayouttobedisplayed
andthusthecornercoordinates± ¹�º » ¼ ½ ¾ of the
focus in logical spaceconstant. This mode
is namedmagnifier modesinceit provides
an intuitive way to changing®�¯ ° ± ² ³$´ µ ¶ · , like
changingthefocal lengthof a zoomlens.

On platformswhich provide a window system,we
must additionally handlethe interactive resizingof
the canvas window (CanvasResize). Since the
RECTANGULAR FISHEYE V IEW alwaysusesthefull
extentof thecanvaswindow, parameterchangesmust
reflecta canvassizechange.Again, therearevarious
opportunitiesto reactto aCanvasResize event:

¸ In area mode,thefocusareais changedpro-
portionally.¸ In magnifier mode,thefocusscalefactoris
changed.¸ An additionalopportunitycould be to modify
the context areain the canvas, thus changing
theamountof context distortion.

4.2 Interacti vity-r elatedperformanceissues

Sincethe RECTANGULAR FISHEYE V IEW exploits
distortionin thecontext, all userinteractionsinvolv-
ing small incrementalchangesmust provide rapid
systemfeedbackin orderto supporttheuserin devel-
opinga“feeling” for thedistortedpresentation.How-
ever, redrawing the completecanvasmay be a time-
consumingoperationdependingonthecapabilitiesof
themobiledevice andon thecontext mode(seesec-
tion 3.2).Thus,thetwo conceptsof interruptibledis-
play refreshandghostfeedback havebeendeveloped
in orderto provideadditionalcomputationalscalabil-
ity.

Interruptible refresh updatesthe display in several
steps,onegrid rectangle(seefig. 2) at a time, start-
ing with the focusregion andmoving from thereto-
wardstheoutermostcontext ring. Thedisplayrefresh
is abortedif afteroneof thesestepsanew interaction
occurs.

Ghostfeedback is amethodwhichcangreatlyreduce
the amountof computationrequiredduring interac-
tions like MoveFocus involving many small incre-
mentalchanges.Insteadof refreshingthedisplayaf-
tereachincrementalinteraction,thedisplayis frozen
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at the state immediatelybefore the interactionse-
quencestarted,and an outline of the new focus is
overlayedoverit. As longastheusermovesor scales
the focus,theoutlinefollows on thecanvaswindow,
changingits sizeandposition. After completingthe
interactionsequence,the completeRECTANGULAR

FISHEYE V IEW is redrawn using the new parame-
ters.This methodis especiallysuitablefor very slow
ultra-portabledevices.

5 Implementation

For generalgraphicaldatatheRECTANGULAR FISH-
EYE V IEW can be implementedin two different
wayswhich differ in therealisablecontext modes,in
the achievablevisual quality andwith respectto the
amountof computationpowerandmemoryrequired.

5.1 Implementation basedon renderingpipeline

Thefirst implementationopportunityis basedon ex-
ploiting therenderingpipelineof theavailablegraph-
ics subsystemfor realising the fisheye transforma-
tion. For eachgrid rectangle(cf. fig. 2), thefollowing
stepsareperformed:
¿ The current grid rectangle coordinatesare

passedto thegraphicssystemasclip rectangle.¿ The viewing transformis set to representthe
scaling of the current rectanglein X and Y
direction according to either À�Á Â Ã Ä Å.Æ Ç È É orÀ�Á Â Ã Ä Ê$Æ Ë Ì Í Î Ì Ï Ð .¿ All those graphicalprimitives which have a
boundingboxintersectingtheclip rectangleare
renderedusing functionsof the graphicssub-
system.Theclip rectangleandviewing trans-
formensurethatthecorrectregionof thelayout
is drawn at thecorrectscale.

Sincenon-uniformscalingis usuallynotdirectlysup-
ported by the pipeline, this restricts the realisable
context scalingto theuniformandbelt-basedmodes.

5.2 Implementation with intermediate bitmap

Thesecondimplementationalternative usesaninter-
mediatebitmapontowhich thecontentof thelogical
window is drawn at the scaleof the focus in a pre-
processingstep. A mappingstepmapsthis bitmap
onto the canvas window to perform the necessary
fisheye transformations,treatingeachgrid rectangle

separately. For the mapping,eitherStretchBltfunc-
tionsof thegraphicalsubsystemoraseparableresam-
pling algorithmproposedby Fantfor imagewarping
[7, pp.153ff.] canbeused.

UnlikeStretchBlt,Fant’salgorithmcanperformnon-
uniformcontext scalingby applyingareasamplingto
thebitmap. Dueto theseparabilityof thealgorithm,
the exponentialfunction which controlsthe context
scalingcanbeprecomputedandstoredseparatelyfor
the X and the Y direction. This hasto be donefor
eachof theninegrid rectangles.

The implementationwith intermediatebitmap can
supportall threecontext modesif resamplingis used.
However, it consumesmorememoryandcomputing
time than the renderingpipeline basedmethod,re-
quiring thecombinationwith ghostfeedbackonmost
systemsto provide interactiveresponsetimes.

6 Results

SarkarandBrown [6] demandsmoothnessasan im-
portantfeatureof fisheye views. Theproposedthree
context modes(cf. section3.2) provide this feature
to varyingdegrees,tradingoff smoothnessandvisual
quality againstcomputationalcomplexity. The fol-
lowing sectionevaluatesthis tradeoff.

Smoothness. Using uniform context scaling, there
is a suddendrop of the scaling factor at the focus
boundary. Belt-basedcontext scaling replacesthis
largedrop by a numberof smallerdrops,improving
theperceivedsmoothness.Perfectsmoothnessis pro-
videdby non-uniformscaling.Fig. 3 illustratesthis.

Computational complexity. This criterion depends
on theimplementationalternativeused.Uniform and
belt-basedcontext scalingcanbeimplementedusing
both alternatives presentedin section5. For non-
uniform scaling,only the implementationwith inter-
mediatebitmapandresamplingcanbe used. Fig. 5
comparesthe computing times for using an inter-
mediatebitmapscaledby thesetwo alternatives. It
is obvious that the resamplingalgorithm consumes
more computing time than the StretchBlt alterna-
tive. This is dueto the fact that during resampling,
acomputationallyexpensiveareasamplingoperation
is performed.In bothcases,therefreshratedepends
mainly on the sizeof the intermediatebitmapgiven
a fixedcanvaswindow size. Theimplementationus-
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ing the renderingpipeline (seefig. 7 requiresmore
time comparedto usingan intermediatebitmapwith
StretchBlt,but lesstime thanusingthe bitmapwith
resampling. Unlike the bitmap implementation,the
refreshratedependsonthenumberof graphicalprim-
itives. Interruptibledisplayincreasestherefreshrate
in all cases.

Visual quality. The achievable visual quality
greatly dependson the context modeand the scal-
ing methodused.Both the rendering-pipeline-based
andthebitmap-and-StretchBlt-basedimplementation
scaleby omittingpixel rowsor columns,which leads
to inferior visual quality in context areas.Fig. 8 il-
lustratesthis for the belt-basedcontext modeimple-
mentedusingtherendering-pipeline-basedapproach.
A bitmap-and-resampling-basedimplementationin-
terpolatesbetweenneighbouringpixels, achieving
higher visual quality as shown in fig. 6 for non-
uniformscaling.

7 Conclusion and Future Work

In this paper, we have presenteda generalisationof
our earlier work [5] on RECTANGULAR FISHEYE

V IEWs for imagetransmission.We have proposed
threedifferentmodesfor scalingthecontext areaand
implementationalternativesfor thesemodes.Theal-
ternatives differ with respectto smoothness,visual
quality and computationalcomplexity. Thus, they
provide scalability with respectto the tradeoff be-
tweenquality and computingtime. Looking at the
interactivity of the method,we discussedbriefly op-
portunitiesfor handlingsizechangesof focusregion
andcanvaswindow andlookedatmethodsfor speed-
ing up systemfeedbackduring incrementalinterac-
tions.

The RECTANGULAR FISHEYE V IEW can save a
large amountof screenspacefor graphicallayouts
– in typical scenarios,between95 and75%. Espe-

cially on mobile computingdeviceswith small dis-
plays,they mayenablegraphicalapplicationsknown
todayon desktopcomputersandworkstations.To be
contentwith the limited computingpower of these
devices, the scalability of the methodhasto be ex-
ploitedby thesystemdesigner.

We have implementedthe discussedalternativesun-
derWindows98asasetof C++ classeswhichcanbe
integratedintoexistinggraphicalapplications,adding
thefisheyetransformationto thegraphicaloutputand
input pipelines.Futurework involveslooking at par-
ticularapplicationsandportingtheexperimentalsys-
temto ultra-portabledevicesrunningWindowsCE.

Acknowledgement

This work was supportedby The GermanScience
Foundation(DFG)undercontractno. Schu-887/3-3.

References

[1] T.A. Keahey. The nonlinear magnification homepage.
http://www.cs.indiana.edu/hyplan/tkeahey/research/nlm/
nlm.html, Oct.261998.Version1.5.

[2] T.A. Keahey andE.L. Robertson.Techniquesfor non-linear
magnificationtransformations.In Proc. IEEE Symposiumon
InformationVisualization,IEEE Visualization, pages38–45,
October1996.

[3] J. Lamping, R. Rao, and P Piroli. A focus+context tech-
niquebasedon hyperbolicgeometryfor visualizinglarge hi-
erarchies.In Proc.CHI, 1995.

[4] U. Rauschenbach.TheRectangularFishEyeView asaneffi-
cientmethodfor thetransmissionanddisplayof largeimages.
In Proc. IEEE InternationalConferenceon Image Processing
(ICIP99), Kobe,Japan,Oct.25-281999.

[5] U. Rauschenbach,T. Weinkauf,andH. Schumann.Interac-
tive focusandcontext displayof largerasterimages.In Proc.
WSCG’2000,The 8-th International Conferencein Central
Europeon ComputerGraphics,VisualizationandInteractive
Digital Media, Plzen,CzechRepublic,February7-112000.

[6] M. Sarkar, S.S.Snibbe,O.Tversky, andS.P..Reiss.Stretching
therubbersheet.In Proc.ACM SymposiumonUserInterface
Software andTechnology, 1993.

[7] George Wolberg. Digital Image Warping. IEEE Computer
SocietyPress,Los Alamitos,1990.



In Proc.IMC 2000- Workshopon IntelligentInteractive AssistanceandMobile Computing 9

Figure5: Displayrefreshrates2 of theimplementationusingan intermediatebitmap. Left: Uniform scaling
by StretchBltoperationof graphicalsubsystem.Right: Non-uniformscalingby Fant’s resamplingalgorithm.

Figure6: RECTANGULAR FISHEYE V IEW displayinga 2D vectorgraphicslayoutusinga 1024x713pixel
backgroundbitmapandnon-uniformcontext scalingwith Ñ�Ò¢Ó Ô Õ . Canvaswindow size:512x357pixels.

2Refreshratesweremeasuredon anINTEL Pentiumwith 200MHzand32MB RAM runningWindows 98, usinga canvaswindow
of 800x600pixelsanda focussizeof 400x300pixels.
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Figure7: Displayrefreshrates3 of the implementationusingtherenderingpipelineof thegraphicalsubsys-
tem.

Figure8: RECTANGULAR FISHEYE V IEW displayinga 2D vectorgraphicslayoutusingbelt-basedcontext
scalingwith 3 belts.

3Refreshratesweremeasuredon anINTEL Pentiumwith 200MHzand32MB RAM runningWindows 98, usinga canvaswindow
of 800x600pixelsanda focussizeof 400x300pixels.


