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Abstract. This paper describesthe RECTANGU-
LAR FISHEYE VIEW for the combinedpresentation
of 2D rasterimages,2D vectorgraphicsandtext. A
detailedpresentatiomf theareaof highestuserinter-
est(thefocus)is integratedinto alower-detailcontext
displayproviding anoverview. Screerspaces saved
by downscaling(distorting)thecontect. Thegeomet-
ric layoutof the view is assembledisingrectangular
regions. Threedifferentcontext modesare proposed
to providefor computationascalability Performance
andqualityimplicationsof two differentimplementa-
tion optionsarecompared.

1 Introduction and Related Work

Ultra-portablecomputershave becomemore power-
ful andpopularin recentyears,andapplicationsde-
velopedfor desktopcomputersare being portedto
thesesmall devices. Mobile computerssuffer from
limited screenspacecomparedto stationaryequip-
ment,however. Focus-and-conte techniquescanbe
usedto decreas¢he screerspacedemand®f graph-
ical and non-graphicalinformation displays. Such
techniquesradeoff thetwo conflictingusergoalsde-
tail andoverview.

In visualizatiorresearchfisheg/eviewshave beenpro-
posedto reducethe spacedemandsof very large
graphical layouts for presentationon workstation
monitors. The nonlinear magnificationhomepage
[1] containsmary publicationsregardingthis topic.
Fisheye views combinea detailedpresentatiorof the
areaof highestuserinterest(calledthe focug with a
downscaledanddistortedcontext displaywhich pro-
videsanoverview. Such,they maintaina high degree

of detail andfidelity in interestingareas,combined
with displayspacesavingsfor the context.

Most fisheye techniquege.g.,hyperbolicviewers[3]
or nonlinearmagnification[2]) usedifferentdistor
tion parameterdor every display pixel. Sincethis
requireshigh computatiorpower, it may not be suit-
ablefor mary resource-limiteanobiledevices.Here,
techniquesare preferredwhich usethe samedistor
tion overlarge, easilydescribableareago save com-
puting resources. The rubber sheettechnique[6]
meetgheserequirementslividing agraphicaldisplay
into vertical and horizontal stripes, eachof which
may be assigned differentscalingfactor

In [4, 5], we have proposeda techniquecalled the
RECTANGULAR FISHEYE VIEW which is tailored
to the presentatiorof large rasterimageson small
screengombinedwith supportfor thewavelet-based
transmissionof theseimagesover low-bandwidth
links from aremotemagesener. Thisschemeropa-
gatesthescreerspacesavings achievedby distorting
the context to the transmissiorsystem,transferring
only thoseimagedatawhich arerequiredfor display
Thetight couplingwith the transmissiorcontrolim-
posessomerestrictions.To supportwavelets,scaling
factorshave to be powersof two which restrictsthe
contet definitionandallowedzoomingonly in these
steps.Furthermorepnly rastefimagesaresupported.

Thispaperdescribesgeneralisatiof the RECTAN-
GULAR FISHEYE VIEW for thedisplayof rasterim-
ages,2D vectorgraphicsandtext on small devices.
By disrgyardingthetransmissionye areableto pro-
vide smoothzoomingand greaterflexibility for the
contet definition. Three context definition modes
with differentquality and computationatomplexity
will be distinguishedand their advantagesand dis-
advantageswill be shavn. We will briefly discuss
interactiontechniquesand opportunitiesfor perfor
manceoptimisationsfor devices with limited com-
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Figurel: lllustrationof thefisheye transformation.

puting power. Furthermorewe considerhow to im-
plementthe context modesand comparetheir visual
quality andtheresultingresponsegimes.

The paperis structuredasfollows: After describing
thebasicideaof theRECTANGULAR FISHEYE VIEW
in section2, we aregoingto discusghethreecontext
modesand their underlyinggeometrycomputations
in section3. The sections4 and 5 deal with inter-
actvity andimplementatiorissues respectiely. Fi-
nally, section6 discussesomeresults,andsection7
providesa summary

2 The RECTANGULAR FISHEYE VIEW

Before we introducethe variouscontext modes,we
first describethe generallayout of the RECTANGU-
LAR FISHEYE VIEW.

The proposedschememapsa graphicallayout onto
a carvaswindowin a space-sang manner A logi-
cal coordinatesystemmustbe providedin which the
graphicallayout canbe specified.In this coordinate
spacearectangularegion calledthelogical window
definesthe part of the layout to be displayed. The
forwardmapping(denotedasfisheetransformation
is requiredfor graphicaloutputand corvertslogical
coordinatednto device coordinates.The respectie
inversemappingis neededor corvertingdevice co-

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

Fishg/e techniquesdisplay a defined part of the
graphicallayout (the focusregion) at a high degree
of detail. In the RECTANGULAR FISHEYE VIEW, a
rectangulafocusis usedsincethis simplegeometry
providesa goodorientationfor the userandrequires
only a modestcomputationeffort. All partsof the
layoutin the focusregion arescaleduniformly. The
scalefactor (denotedas zoomfactor) can be modi-

fied interactively by the userto control the tradeof

betweeroverview anddetail.

The display spacein the carvaswindow not occu-
pied by the focusis usedto presentthe remaining
partsof the graphicallayout as contet information.
This is achieved by grouping one or more context
beltsaroundthefocus.Eachbeltis composedf sev-
eralgrid rectanglesvhich aredownscaledduringthe
fisheye transformatiorin orderto save screerspace.
Fig. 2illustratestheproposedeltschemé. Thescale
factorsof thecontext beltsarechosersuchthatthere-
sulting RECTANGULAR FISHEYE VIEW alwaysfits
exactlyinto theavailablespaceof thecarvaswindow.

Sarkarand Brown [6] list desirablefeaturesof fish-

1For consisteny, the focusis representedisbelt 0. The re-
mainingbeltsform the context andareassignedncreasingndices
with growing distancefrom thefocus.
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eye views. Regardingthe integration of focus and
contet, they demandthat the focus shouldbe fitted
smoothlyinto the context andthatthe level of detail
in the context areashouldbe a smoothfunction of
distancefrom thefocus.

To provide smoothnessthe downscalingfactor has
to be differentfor every pixel in the carvaswindow.

This requiresa large computatioreffort which poses
problemsonlow-resourcanmobiledevices. Therefore,
we proposethreedifferentcontext modeswith vary-

ing computationdemandsn orderto provide com-
putational scalability. Sucha context modecanbe

describedy thenumberof contet beltsandthecon-

text scalingmethodused(seenext section).

Belt n

Belt k

Belt 1

Focus (Belt 0)

Figure2: The beltsandgrid rectangle®of the RECT-
ANGULAR FISHEYE VIEW.

3 Geometry Computations

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

3.1 Definition of the focusand the context belts

To specify the fisheye andthe inversefisheye trans-
form, we first introducesomeinput parametersFor
distinguishingbetweenthe two coordinatesystems,
we usevariablenamesstartingwith ¢ to represente-
vice coordinatesand namesstartingwith / to denote

logical coordinates:

IWid = Width of logical window
lHgt = Heightof logicalwindow
cWid = Width of carvaswindow
cHgt = Heightof carvaswindow

To describethe beltsincluding the focus, we intro-
duce the notationPosg; resp. cPosgy for the
boundarycoordinate®of the k-th belt (k > 0) in the
four directionsd € {left, top, right, bottom} asfol-
lows:

Borderof beltk in directiond
in thelogical window
Borderof beltk in directiond
in the carvaswindow

lPOSd,k =

cPosgpr =

Theusercanspecifyandinteractvely changethe po-
sition of the focusboundariesisingeitherlogical or
device coordinates.n the logical window, thesepa-
rametersdeterminewhich sectionof the layout the
useris interestedn most.In the carvaswindow, they
definewhereandat which sizethe areaof interestis
displayed(seealsofig. 1). To determinethe magnifi-
cationof thefocus,afocusscalingfactor Scale gocys
hasto bespecified Fromtheseparametersyidth and
heightof thefocuscanbe calculated:

cWidyg Scalerocys ¥ IWidy (1)
cHgty = Scalepocys *x [Hgtg (2)
Widy = I[Posrighto —lP0Scft,0 3)
lHgty = 1Posiop,0 — IP0Spottomo  (4)
cWidy = cPosrignt,0 — cP0Siest0 (5)
cWidy = ¢cPosiop,o — cP0oSpottom,0 (6)

Analogously the widths IWid, ;, andcWidg; of a
beltk (¥ > 0) in thedirectiond aredefinedas:

IWidgp,
CWidd,k

|lPOSd,k - lPOSd,k_ll

(7)
(8)

|cPosgqr — cPosqp—1]

Giventhe above definitionsandthe userdefinedpa-
rametersPosq,0, thelogical coordinated Pos 4, of



thefocuscannow be computedasfollows:

cPosiepip - (IWid — IWidy)
cWid — cWidyg + 1
c¢Posiop,o - (1Hgt — lHgty) (10)
cHgt — cHgty +1
IP0osyight,0 = lP0sept0 +IWidy (11)
IPospottom,0 = IP08topo + IHgty (12)

9)

lPOSleft,o =

lPOStop,o =

The degreeof detailin the focusis specifiedby the
userby meansof theparameteScaleg ey s. TO SCale
thecontext belts,parameter§calecontest,q areused
whoseexacttypeis determineddy the context mode.
Sincethefocusrepresentshe areaof highestuserin-
terestjt hasto bethepartof thedisplaywith thehigh-
estdegreeof detail. Thus, the following constraint
appliesto the scalingfactors:

Vd ScaleFocus > ScaleContewt,d (13)

If the constraint13 is violated (e.q, if Scalepocus
is definedtoo small by the user),anotherparameter
(e.g.,thefocussize)hasto be adjusteduntil the con-
straintis satisfied.

3.2 Context modes

In order to provide scalability with respectto
the tradeof betweensmoothnessind computational
requirements,we propose three different context
modes.

3.21 Uniform context scaling. Theuniformcon-

text scalingis a straightforvardandcomputationally
inexpensveway of mappingthe context ontothecan-

vas.Only onecontext beltis used,whichis scaledo

fit into the spaceon the carvasleft by thefocus. This

belt consistsof 8 grid rectangleswhich are scaled
by possibly differentfactorsin X andY direction.

Fig. 3(a) shavs anexample. The scalingfactorsare

computedcasfollows:

CWidd,l

IWidg, (14)

ScaleContewt,d -

3.2.2 Beét-based context scaling. This contet
modeusessereral context beltsandhasalreadybeen

Rostock-VérnemiindeGermaly, November9-10,2000

. P
' Eh= oE
LEGENDE |L..2 752 ee{ S = S
=)
y / ) [
& S &S % s
walder, o =
e 3 i
j— h Sohilling- 4
an Bk 5 840 118
Warnowlin =R
— Nt Qb1 £ty Sarpiatz | SO
e Nacht e Ovibes F2 arkstraBe i B
- @oethep Lo
’—| b ]
o
B
0
>
iz
fier

(a)uniform

(b) belt-based

(c) non-uniform

Figure3: Contet scalingmodeexamples.

proposedn [5]. By this schemedisplayinglessde- discretesteps. The resultingfisheye view still lacks
tail with increasingdistancdrom thefocusis donein  smoothtransitionsbut can be computedvery fast
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sincelarge areasare assignedhe samescalingfac-

tor (which may againbe differentin X andY direc-

tion). In orderto decreasehe discontinuitiesmore

beltscouldbe used.However, this leadsto increased
computationakffort.

In our systempresentedn [5], the contet is fully
configurablewith respecto the numberandwidth of
the belts. Experiencehave shavn, thattwo or three
context belts of the samewidth in the carvaswin-
dow usingscalingfactors decreas-
ing by powersof two with increasingdistancefrom
the focus provide a suitable context weighting for
mary applications.On ultra-portabledevices,sucha
design-timecontext definition offers the advantages
of simplified use and reducedcomputationalcom-
plexity over aninteractize configurationof the con-
text.

Fig. 3(b) shavs an examplewith threebelts. The
parameter of theinnermostcontext
belt providesthe necessarglegreeof freedomto ex-
actly fit the contentsof the logical window into the
carvaswindow. For the remainingbelts, scalingis
performedasfollows:

(15)

(16)
17)

Since the innermost belt is assignedthe largest
scaling factor hasto satisfy con-
straint13.

3.2.3 Non-uniform context scaling. Therequire-
ment of a smoothtransitionfrom the focusto the

context andsmoothweightedcontext scalingcanbe

achievedby usingnon-uniformscaling. The beltlay-

outis the sameasin the uniform case- a singlecon-

text beltis used.Unlike in theformer case the con-

text scalingfactoris decreasingontinuallywith in-

creasingdistancefrom the focusboundary Concep-
tually, this scalingmodecan be seenas composing
the context of avery large numberof narrav context

belts. In orderto maintainthe geometricproperties
of the layoutin the areaof interest,the focusregion

is still scaleduniformly.

Fig. 3(c) shavs an example. The fisheye view fea-
turesa high visual quality becaus&on-uniformscal-

ing greatlyreducesliscontinuities However, it is de-
mandingwith respecto computingpower.

Context  Focus
7= z=z ]
1 0 nexd Logical
coordinates
Device
J coordinates
z'=0 z'=z'

ax.d

Figure4: Theideaof non-uniformcontext scaling.

In orderto achieve a small scaling factor nearthe
window boundaryanda large onenearthefocus,the
degreeof distortionis controlledby an exponential
functionwith a userdefinableparameter. Fig. 4 il-
lustratesthis for one direction ( ). In log-
ical coordinatesthe parameter alwaysrunson a
line from O at the boundaryof the logical window to
the correspondindocusboundary .
Analogously is definedin device coordinatesThe
position of apixel ontheline in the RECTANGU-
LAR FISHEYE VIEW is computedrom its position
in thelogical window asfollows:

(18)

Given this coordinatemapping,the contet scaling
canbe performedusingseparabléemagewarpingal-
gorithms(cf. section5). Theexponent canbespec-
ified by the userbut mayhave to beadaptedo satisfy
constraintl3. To checkthis constraintwe consider
thedevice coordinate®f thefirst contet pixelimme-
diately outsidethe focusboundaryin direction and
transformthemto logical space. The variables
and denotethe positionof that pixel on the line
betweenwindow and focus boundaryin the carvas
resp.thelogical window. Having that, we cancom-
putethecontext scalingfactorto beusedfor checking
constraintl3 asfollows:

(19)

(20)



4 Interaction

Downscalingthe contect saresscreenspacebut de-
creaseshe degreeof detail. Thus,the usermustbe
enabledto re-positionand re-scalethe focus should
the areaof interestchange. Theseinteractionfunc-
tions provide a meandor anintuitive exploration of
thelayout.

4.1 Interaction functions

The mostimportantfunctionsMoveFocus, Junp-

Focus andDef i neFocus allow to re-positionthe
focus. WhereMoveFocus denotessmall and con-
tinuouspositionchangege.g.,draggingthefocusus-
ingthemouse)JunpFocus allowsfor fastposition-
ing thefocusin anotherarea(e.g.,by a mouseclick).
Def i neFocus canbeusedo directly specifyanewv
sizeandpositionof thefocus.

Alreadyin section 2, we have describedhatthe part
of the graphicallayoutin the focusis mappedonto
the carvas using a scalingfactor . This
factor controlsthe degreeof detail in the focus. It
can be definedinteractively usingthe Zoontocus
function in orderto adaptthe tradeof betweenthe
aspectgsletailandoverview to thetaskathand:

A small provides less detail in

thefocusandaccentuatethe overvien aspect,
sincethe focusregion on the carvasis small,

leaving morespacedor the context andthusal-

lowing lessdistortion.

A large leadsto a greatdegreeof

detailin the focusandthusfocuseson the de-
tail aspect.Thereis little spacefor the context,

requiringstrongdistortion.

By meansof the Resi zeFocus function, the user
caninteractvely modify the size of the focusin the
carvaswindow. Therearetwo differentopportuni-
ties how this changecanaffect the parametersf the
fisheye transformation.

First, the size of the focusin the logical win-
dow canbeincreasedroportionally changing

andleaving constantThis
socalledar ea modeallows to enlageor col-
lapsethe part of the layoutto be displayedin
thefocusandthusto adaptthe areaof interest
to changeduserneeds.

Rostock-VérnemiindeGermaly, November9-10,2000

Secondthefocusscalefactorcanbe adapted,
leaving theportionof thelayoutto bedisplayed
andthusthe cornercoordinates of the
focus in logical spaceconstant. This mode
is namedmagni f i er modesinceit provides
anintuitive way to changing , like
changinghefocal lengthof azoomlens.

On platformswhich provide a window system,we
must additionally handlethe interactive resizing of
the carvas window (CanvasResi ze). Sincethe
RECTANGULAR FISHEYE VIEW alwaysuseghefull
extentof thecarvaswindow, parametechangesnust
reflecta carvassizechange Again, therearevarious
opportunitiego reactto aCanvasResi ze event:

In ar ea mode,thefocusareais changedro-
portionally.

In magni fi er mode thefocusscalefactoris
changed.

An additionalopportunitycould be to modify
the context areain the carvas, thus changing
theamountof context distortion.

4.2 Interactivity-r elatedperformanceissues

Sincethe RECTANGULAR FISHEYE VIEW exploits
distortionin the context, all userinteractionsnvolv-
ing small incrementalchangesmust provide rapid
systenmfeedbackn orderto supportthe userin devel-
opinga*“feeling” for thedistortedpresentationHow-
ever, redraving the completecarvasmay be a time-
consumingpperatiordependingnthecapabilitiesof
the mobile device andon the context mode(seesec-
tion 3.2). Thus,thetwo conceptf interruptible dis-
play refreshandghostfeedbak have beendeveloped
in orderto provide additionalcomputationascalabil-

ity.

Interruptible refresh updatesthe display in several
steps,onegrid rectangle(seefig. 2) at atime, start-
ing with the focusregion andmoving from thereto-
wardstheoutermostontext ring. Thedisplayrefresh
is abortedf afteroneof thesestepsa new interaction
occurs.

Ghostfeedbak is amethodwhich cangreatlyreduce
the amountof computationrequiredduring interac-
tionslike MoveFocus involving mary smallincre-
mentalchangesinsteadof refreshingthe displayaf-
ter eachincrementalnteraction thedisplayis frozen
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at the stateimmediately before the interaction se-
guencestarted,and an outline of the new focus is
overlayedoverit. Aslongastheusermovesor scales
thefocus,the outline follows on the carvaswindow,
changingits sizeandposition. After completingthe
interactionsequencethe completeRECTANGULAR
FISHEYE VIEW is redravn usingthe new parame-
ters. This methodis especiallysuitablefor very slow
ultra-portabledevices.

5 Implementation

For generaraphicaldatathe RECTANGULAR FISH-
EYE VIEw can be implementedin two different
wayswhich differ in the realisablecontext modesjn
the achievablevisual quality andwith respecto the
amountof computatiorpowerandmemoryrequired.

5.1 Implementation basedon rendering pipeline

The first implementatioropportunityis basedon ex-
ploiting therenderingpipelineof theavailablegraph-
ics subsystentor realising the fisheye transforma-
tion. For eachgrid rectanglgcf. fig. 2), thefollowing
stepsareperformed:

The current grid rectangle coordinatesare
passedo thegraphicssystemasclip rectangle.
The viewing transformis setto representhe
scaling of the currentrectanglein X andY
direction accordingto either or

All those graphical primitives which have a
boundingooxintersectingheclip rectangleare
renderedusing functionsof the graphicssub-
system. The clip rectangleandviewing trans-
form ensureahatthecorrectregionof thelayout
is drawvn atthecorrectscale.

Sincenon-uniformscalingis usuallynotdirectly sup-
ported by the pipeline, this restrictsthe realisable
context scalingto the uniform andbelt-basednodes.

5.2 Implementation with intermediate bitmap

The secondmplementatioralternatve usesaninter-
mediatebitmapontowhich the contentof thelogical
window is drawvn at the scaleof the focusin a pre-
processingstep. A mappingstep mapsthis bitmap

separately For the mapping,either StretchBltfunc-
tionsof thegraphicakubsystenor aseparableesam-
pling algorithmproposedy Fantfor imagewarping
[7, pp. 153ff.] canbeused.

Unlike StretchBIt,Fant’s algorithmcanperformnon-
uniform context scalingby applyingareasamplingto
the bitmap. Dueto the separabilityof the algorithm,
the exponentialfunction which controlsthe context
scalingcanbe precompute@dndstoredseparatelyjor
the X andthe Y direction. This hasto be donefor
eachof theninegrid rectangles.

The implementationwith intermediatebitmap can
supportall threecontext modesf resamplings used.
However, it consumesnorememoryand computing
time than the renderingpipeline basedmethod, re-
quiringthecombinationwith ghostfeedbackon most
systemgo provide interactive responseimes.

6 Results

SarkarandBrown [6] demandsmoothnesasanim-

portantfeatureof fisheye views. The proposedhree
context modes(cf. section3.2) provide this feature
to varyingdegreestradingoff smoothnesandvisual
quality againstcomputationalcomplexity. The fol-

lowing sectionevaluateghis tradeof.

Smoothness. Using uniform context scaling, there
is a suddendrop of the scalingfactor at the focus
boundary Belt-basedcontet scaling replacesthis
large drop by a numberof smallerdrops,improving
thepercevedsmoothnessPerfectsmoothness pro-
vided by non-uniformscaling.Fig. 3 illustratesthis.

Computational complexity. This criterion depends
ontheimplementatioralternatve used.Uniform and
belt-basedontet scalingcanbeimplementedising
both alternatves presentedn section5. For non-
uniform scaling,only the implementatiorwith inter-
mediatebitmap andresamplingcanbe used. Fig. 5
comparesthe computingtimes for using an inter-
mediatebitmap scaledby thesetwo alternatves. It
is obvious that the resamplingalgorithm consumes
more computing time than the StretchBlt alterna-
tive. This is dueto the fact that during resampling,
a computationallyexpensve areasamplingoperation
is performed.In both casestherefreshratedepends

onto the carvas window to perform the necessary mainly on the size of the intermediatebitmap given

fisheye transformationstreatingeachgrid rectangle

afixed carvaswindow size. Theimplementatiorus-



ing the renderingpipeline (seefig. 7 requiresmore
time comparedo usinganintermediatebitmapwith
StretchBlt, but lesstime thanusingthe bitmap with
resampling. Unlike the bitmapimplementationthe
refreshratedepend®nthenumberof graphicalprim-
itives. Interruptibledisplayincreaseshe refreshrate
in all cases.

Visual quality. The achievable visual quality
greatly dependson the context mode and the scal-
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cially on mobile computingdevices with small dis-

plays,they mayenablegraphicalapplicationsknown

todayon desktopcomputersandworkstations.To be
contentwith the limited computingpower of these
devices, the scalability of the methodhasto be ex-

ploited by the systemdesigner

We have implementedhe discussedilternatvesun-
derWindows 98 asa setof C++ classesvhich canbe
integratednto existinggraphicalpplicationsadding

ing methodused. Both the rendering-pipeline-basedthefisheye transformatiorto thegraphicaloutputand

andthebitmap-and-StretchBlt-baséthplementation
scaleby omitting pixel rows or columnswhichleads
to inferior visual quality in contet areas.Fig. 8 il-

lustrategthis for the belt-basedcontext modeimple-

mentedusingtherendering-pipeline-baseapproach.
A bitmap-and-resampling-Badimplementationin-

terpolatesbetweenneighbouringpixels, achieving

higher visual quality as shavn in fig. 6 for non-
uniform scaling.

7 Conclusion and Future Work

In this paper we have presentedh generalisatiorof

our earlier work [5] on RECTANGULAR FISHEYE

VIEWws for imagetransmission. We have proposed
threedifferentmodedor scalingthe context areaand
implementatioralternatvesfor thesemodes.Theal-

ternatives differ with respectto smoothnessyisual

quality and computationalcompleity. Thus, they

provide scalability with respectto the tradeof be-

tweenquality and computingtime. Looking at the

interactvity of the method,we discussedriefly op-

portunitiesfor handlingsize change®f focusregion

andcarvaswindow andlookedat methodgor speed-
ing up systemfeedbackduring incrementalinterac-
tions.

The RECTANGULAR FISHEYE VIEW can save a
large amountof screenspacefor graphicallayouts
— in typical scenarioshetween95 and 75%. Espe-

input pipelines.Futurework involveslooking at par
ticular applicationsandportingthe experimentakys-
temto ultra-portabledevicesrunningWindows CE.
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Uniform context scaling Non-uniform context scaling
- Implementation: intermediate bitmap with StretchBlIt - - Implementation: intermediate bitmap with resampling -

T 50 2 257
§ 40 —e— non-interruptible g 2 —e— non-interruptible
g 30 *—o. dlSp'ay g 1 ,5 d|sp|ay
S 5 '\‘\‘ Sy
3 —=— interruptible 3 —=— interruptible
g 10 display S 0,5 display
(T 0 T w 0 T T

0 1000 2000 0 1000 2000

Bitmap size (NxN pixels) Bitmap size (NxN pixels)

Figure5: Displayrefreshrateg of theimplementatiorusinganintermediatebitmap. Left: Uniform scaling
by StretchBltoperationof graphicalsubsystemRight: Non-uniformscalingby Fant'sresamplingalgorithm.

Figure6: RECTANGULAR FISHEYE VIEW displayinga 2D vectorgraphicslayoutusinga 1024x713pixel
backgrounditmapandnon-uniformcontext scalingwith . Carvaswindow size:512x357pixels.

2Refreshratesweremeasuredn an INTEL Pentiumwith 200MHzand32MB RAM runningWindows 98, usinga carvaswindow
of 800x600pixels anda focussizeof 400x300pixels.
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Belt-based context scaling
- Implementation: rendering pipeline -
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Figure7: Display refreshrates of theimplementatiorusingthe renderingpipelineof the graphicalsubsys-
tem.

Figure8: RECTANGULAR FISHEYE VIEW displayinga 2D vectorgraphicsdayoutusingbelt-basedtontext
scalingwith 3 belts.

SRefreshratesweremeasuren anINTEL Pentiumwith 200MHz and32MB RAM runningWindows 98, usinga carvaswindow
of 800x600pixelsanda focussizeof 400x300pixels.



