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ABSTRACT

This paperpresentdhe RECTANGULAR FISHEYE VIEW, aninteractize focus—and—conte presentation
techniquefor large rasterimageson mobile computerswith smalldisplaysandlimited processingower.
Boththeviewing of locally availableimagesandthedemand—dsiendisplayandtransmissiormof remotely—
storedimagesare supporteddy the technique. The underlyinggeometrycalculationsare explained,and
thedesigndecisiondor supportingapidinteractve feedbaclkarediscussedA scenarids describedvhich

demonstratethe performancef the method.
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1 INTRODUCTION

Graphicalpresentatiorof large amountsof informa-
tion on computerdisplayshasto copewith the prob-
lem of limited screenspace. The viewer of sucha
presentatiofastwo con icting goalsin mind: Here-
questahighdegreeof detailbut alsowantsto havean
overvien over the whole presentatiorfor orientation
purposes.Visualizationresearcherproposedocus—
and—cont&t techniquesto solwe this con ict for the
displayof largelayoutson desktopworkstations.

Using mobile computerspoth processingpower and
display spaceare more limited than in a worksta-
tion scenario. Additionally, mobile devices often
fetch graphicaldataasrasterimagesfrom a remote
sener usinga low—bandwidthdatalink. A presenta-
tion techniquefor thosemobile settingsmustbe able
to display a large rasterimagein a screen—space—
saving manneytradingoff thetwo requirementsde-
tail” and “overvien” againsteachother Further
more, its computingrequirementshouldbe moder

1This work wassupportedry The GermanScienceFoundation
undercontractno. Schu-887/3-3.

ate in orderto work on the tagetedhardware and
to allow rapidinteractive control. Lastbut not least,
theschemeshouldwork with ademand-dsientrans-
missionmethodlik e the one presentedn [Rausc99,
transmittingonly thoseimagedatawhich areneeded
for display

After reviewing relatedwork, we will proposethe
RECTANGULAR FISHEYE VIEW asanew technique
meetingtheserequirementsln contrasto [Rausc99,
wherewe discussedhe transmissiorimplicationsof
ourtechniquethis paperfocuseonthenecessarge-
ometry calculationsandthe interactvity of thetech-
nique.

2 RELATED WORK

In the research eld of visualization, focus—and—
contet techniqueshave beenproposedto solve the
problem of displaying very large layouts on desk-
top workstationsequippedwith powerful processors.
Thesetechniguescombine a focus display, which
shaws a part of the layout at a high degreeof detail,
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anda contet display, which presentdhe whole pic-
turein lower detailto provide the overview. The po-
sition of the focusis determineddy the currentpoint
of interestof theuser

Thereare several possibilitiesfor focus—and—conte
displays:focusandcontect canbedisplayedseparate
overtime (this correspondfo zooming or in two sep-
aratepresentationsideby side. This approactavoids
introducingdistortion,but theuseris requiredo make
thelink betweerfocusandcontext mentally Another
approachs the sh eyeview, wherefocusandcontext
areintegratedin one presentation.Dependingon a
measuref distancefrom thefocus,thecontext is dis-
tortedsuchthatits spaceequirementslecreaseThis
approactoffers a detailedview nearthe point of in-
terestandmaintaindarge—scaldeaturesf thewhole
layout at the costof introducingdistortionfar avay
from the point of interest.

Let us now discusssomeof the mary works in the
eld of sh eyeviewsrelatedto ourtechnique An ex-

cellent,comprehensiebibliographyaboutnon—linear
magni cation techniquesand sh eye views canbe
found on the Nonlinear Magni cation Home Page
[Keahe98

Fisheye techniquedave rst beenusedin computer
scienceby Furnas[Furna82 for the presentatiorof

structureddata, achieving context reductionby hid-

ing nodesin the structurebasedon the distancefrom

thefocusandaninterestmeasureOtherworks (e.g.,

[Keahe9§ proposemethodsfor non—linearmagni-

cation, wherethe scalingfactor (magni cation or

mini cation) is de ned as a two—dimensionafunc-

tion of thelocationin the picture. Thesetechniques
may use a different scaling factor for every pixel,

which introducessmooth,concentricdistortionsand

requiresa high computingeffort.

Sincethe focus shavs only a part of the whole pic-

ture in high detail, the useroften wishesto move it

to anotherpositionto reveal detail thereas his point

of interestchanges.This interactive exploration re-

quiresrecomputationwhich needsa powerful pro-

cessoffor fastresponseisingthetechniquedescribed
above. Sarkaret al. [Sarka93 proposedor graphi-
callayoutsa methodcalled“rubbersheets'which di-

videstheimageinto stripesandstretchesll pixelsof

astripeby the samefactor Thus,computingrequire-
mentsaredecreased.

3 THE RECTANGULAR FISHEYE VIEW
3.1 Requirements

The basicrequirementgo a focus—and—conté dis-
play technigu€for mobile environmentshave already

beenstatedin sectionl. Additionally, e xible tai-
lorability of focusregion andcontext areass highly
desirable Especially the usershouldbe supportedn
exactly specifyingtheareaandthe degreeof detail of
the focus. Sincenot all partsof the presentatiorof-
fer the samedegreeof detail, interactiontechniques
with shortresponsdime have to be providedfor re-
vealinghiddendetailsby re—positioninghefocus.In
ordernotto destrg basicpropertieof theimage(like
anglesproportionalityor parallelity), no distortionis
acceptablén thefocusarea.In the context area,dis-
tortion is thefoundationfor saving displayspaceand
cannot beavoided. Interactive controlover the mag-
nitude of this distortionmustbe providedto support
the userin adaptingthe tradeof betweendistortion
andspaceaequirementso his currenttask.

3.2 Description of the technique

We will now proposethe RECTANGULAR FISHEYE
VIEW asa new focus—and—contd techniquefor the
interactve display of large rasterimagesin mobile
ervironments. This techniquehasbeendesignedo
meettherequirementstatedabove.

To keepthe computingeffort low andallow theinte-
grationwith aregion—of-interest—basdthagetrans-
mission technique,the image is divided into non-
overlappingrectangularpartsin eachof which the
distortionis chosenthe samefor all pixels. As dis-
tortion parametersye are usingdownscalingfactors
which arepowersof two in orderto speedup compu-
tationsandto allow theintegrationwith thetransmis-
sionmethod.

The gures 1 and7 illustratetheidea. A focus region
Rp in the centerof the imageis not downscaledat
all. It is surroundeddy context belts, which display
theremainingimagepartsin adownscaledsersionto
save screerspace.EachbeltC; j 0 isdenedas
a pixel setdifferencebasedon the context rectangles
R; (see gure 1) asfollows:

Ci R Rj1 1)

The j—th beltis assigned context downscaling factor
sj: 2 which controlsthe distortionof the belt and
the amountof screenspacesaved. Sincethe degree
of interestof the userin imagedetailsdecreasewith
increasingdistancefrom the focus, the downscaling
factor of a belt is the higher the further that belt is
away from the focus. In orderto attacheachcon-
text belt to its neighboumwithout discontinuitiesthe
belt C; is split into 8 | partial rectangles. Eachof
thesepartial rectangless assignednescalingfactor
for the X— andanotheronefor the Y—direction.Some
of thefactorsarepre—determinetly the context belts
insidethe belt Cj, andthe remainingonesare setto
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21, Thegrid of partial rectangless calledthe down-
scaling grid. Figure7 shavs suchagrid with two con-
text belts,denotingthepair of downscalingfactorsfor
eachgrid rectangleasdownscaling pair sx Sy . Fig-
ures3 to 6 shav the resultof performingthe down-
scaling.

Tailorability of thefocusdoesnot only meanto spec-
ify its sizeandpositionbut alsoto de ne the degree
of detailneededThis canbedoneby zooming, which
assignsa zoom factor z to the focus. To t into our
schemeye choseto supportzoomfactorswhich are
powersof two. In orderto maintainthe assumption
that the focus offers the highestdegreeof detail, we
multiply all downscalingfactorby the zoomfactoP.

The context beltscanbe displayedin differentratios
to eachother(e.g.,the rst beltwith s; 2 maybe
chosentwice aswide asthesecondonewith s,  4).
Theseratio parameters allow the userto tailor the
contet beltswith respecto distortionandspacere-
guirementdo his needs.An automaticchoiceof the
ratio parametersisinglinear optimisationtechniques
canbe usedto force the size of the RECTANGULAR
FISHEYE VIEW to t into the available display or
window size. Further e xibility canbe gainedby the
opportunityto selectwhich contet belts should be
visible.

4 GEOMETRY CALCULATIONS

After having describedthe basic structure of the
RECTANGULAR FISHEYE VIEW, this sectionwill
explain how to computethe cornercoomdinatesof the
contet rectangles The computationis basedon the
sizeof theimage, the positionandsizeof thefocusre-
gionandthe contet beltratio andvisibility. Modify-
ing theseparameterthroughdirectmanipulation(see
sectionb) supportghetailorability of theview andre-
quiresrapidrecomputatiorof thecoordinatemapping
to updatethe downscalinggrid.

Thesenput parameterareneeded:

Picwid width of originalimage
PicHgt heightof originalimage
nBek numberof beltsplusfocus
Sl downscalingparametenf belti
Ratio; ratio parametenf belti
i 0 nBet 1
PoSeft 0
Posopo
PoSight 0
Pos)« o coordinate®f thefocus

2Thezoomfactoris interpretecasdownscalingfactor too—the
higherthisfactor the smallerthedisplayedmage.

Thearraycl; containsfor the focusthe zoomfactor
z andfor eachvisible context belt the productof its
context downscalings; andz. Analogously R&io;
containsanunde nedvaluefor thefocusandtheratio
parametefor eachvisible belt.

\ B%ltnBet \ 1

Belti

Belt1

Focus

Figurel: Geometricstructure.

To describethe geometricstructureof the RECTAN-
GULAR FISHEYE VIEW, only the coordinatesPos
of the belt rectangles areneededcf. gure 1). For
reasonsof consisteng, the belt rectanglewith the
numberzerois formedby thefocus,andthebeltrect-
angleswith a numbergreaterthanzerorepresenthe
contet rectanglesThus,the computatiorhasto cal-
culatethefollowing coordinates:

Pos i coordinateof belti in directionr
in theoriginalimage
wherer  left top right bot

The coordinatesPos nget 1 are de ned implicitly
by the point 0 0 andthe size of the original im-
age Picwid PicHgt and correspondto its corner
points. The rectanglevertex coordinatef the belts
i 1 nBet 2 remainto be computed. To
do that, the spacebetweenthe focus and the im-
ageboundaryhasto be distributed betweerthe belts
i 1 nBekt 1 accordingto theratio parameters
speci edin Ratio;. Thewidth of abelti in onedirec-

tionr is computedasfollows:
Widri POS nBek 1 POS(O
Ratioj
ameet IRaioy

)

Thewidth of belti in thefour directionss now usedo
computethe coordinate®f its beltrectangldasedn
the (alreadycomputed)oordinate®f the next—inner
belti 1asfollows:

Posi 1 Widyi r
Posi 1 Widyi r

left top

Po .
i right bot

®3)

As mentionedearlier the partial rectanglesin the
RECTANGULAR FISHEYE VIEW are createdfrom
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rectangularegionsin the original image by down-
scalingthemin both directionsby — possiblydiffer-
ent—factors.After having computedequation(3), the
problemmay arisethatthe division of the width and
heightof theseresultingrectanglesdoesnot deliver
anintegerresult. The consequence/ould be discon-
tinuity problemsat the boundarybetweentwo belts
arisingfrom skippedpixels. In orderto overcomethis
problemweintroduceaboundaryconditionfor equa-
tion (2) which varieswid;; for all belt rectanglesx-
cludingthefocussuchthatadivisionwithoutremain-
derby Scl; is possible:

Wid;; O

mod <l (4a)
0 mod<li 1 (4b)

where

i 1 nBek 1
Disty | Posnget 1 POsi 1

This boundary condition assumesthat width and
heightof thefocusrectanglearemultiplesof thezoom
factor Furthermorethe remainingspacemustbe di-
vidablewithout remaindetby the downscalingfactor
Scly of the rst belt. If this conditionis not met, the
imagemay have to bepadded.

To satisfy the boundary condition (4), the results
Wid;; from equation(2) are iteratively incremented
by oneuntil (4) is met. It canbeproventhatthisleads
alwaysto a partitioningwherewidth andheightof the
belt rectanglesare multiples of the respectie down-
scalingfactors<cl;. This boundarycondition may
leadto small deviationsfrom the belt size relations
speci edin Ratioj, butit ensureshatno pixel rowsor
columnsareskipped.

5 INTERACTION ISSUES
5.1 Manipulating the parameters

As statedn section3.1,theusermustbeofferedcon-
trol overtheparametersf the RECTANGULAR FISH-
EYE VIEW in orderto supportrapid interactve ex-
plorationof the presentedcontent. This is achieved
by varioustechniquef interactive direct manipula-
tion. Especially control of size and position of the
focusmustbe achievablein a fastandintuitive way,
suchthat the user can explore various parts of the
presentedmagein detail driven by his specialin-
terest. To do this, the operationsMove, Resize and
Jump are provided. This hasbeencombinedwith a
zoom—and—pan—apgach(Zoom+Pan), which makes
it easyto obtainan overview over the whole image.
Furtherparameterisatioto control the context belts

(ratio parametersyisibility of belts)is possiblefor
ne—tuning.

We will now discussthe direct manipulationtech-
nigues.

Move. This functionallows to changethefocusposi-
tion in the original imageby small steps.Moving the
focusdoesnotin uence thespacaequirementsf the
RECTANGULAR FISHEYE VIEW sincethesizeof the
focusregion andthe context parametersemaincon-
stant. Moving will usually be exploited if the point
of interestdrifts slowly into the neighbourhooaf the
focus.

Jump. Using this function, the focus canbe setin-
stantaneouslyto a new location possibly far away
from the old oneby specifyingthe centrepositionof
the new focus. This functionis usually exploited to
setthe point of interestinto the context areain order
to explore somefeaturestherein greaterdetail. The
total view sizeis notchanged.

De ne . If theuserrequiresafocusregionwith anew
positionanda differentsize,the De ne functionsup-
portsthis goal. Thefunctiontakesthe upperleft and
the lower right cornerof the new focusasparameters
affectsthe sizeof the view.

Resize. The demandfor controlling the size of the
areaof interestcanbe metusingthis function,which
allows the userto adjustthe size of the focusregion.
Changingthe focussizein uencesthe spacerequire-
mentsof thewhole RECTANGULAR FISHEYE VIEW.

Zoom+Pan. The RECTANGULAR FISHEYE VIEW

savesscreerspaceby supportingfocus—and—contet,

but it is neverthelessnot always guaranteedhat the
displayis largeenoughto shav thewholeimage.By

specifyinga zoomfactor, the total size of the RECT-

ANGULAR FISHEYE VIEW canbe adjustedin steps
of pawersof two. If notthe wholeimageis visible,

panningoffers— comparedo scrolling— a fastalter

native to revealinvisible parts.

5.2 Optimisations for fastresponse

The interactvity of the RECTANGULAR FISHEYE
VIEW enableghe userto explore andto understand
the displayedimage. Thus, it is importantthat each
actionof theuserresultsin afastrespons®f thesys-
tem. Only by interactize responsdimesthe usercan
developafeelingfor thedistortedpresentation.

This is especiallyimportantfor the techniquesviove
and Resize, which are only efcient for the userif
eachsmallpositionor sizechangeresultsin arapidly
updateddisplay to re ect the changes. In orderto
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meetthisrequirementscreenredraving is donebelt—
sequentiallyin aninterruptiblemanner First,thenew
focusregion is drawn, followed by the rst context
beltandsoon. Interruptibility ensureshattheredrav
sequencas abortedbeforecompletionif during the
displayupdateoneof thefunctionsMove or Resize is
executedagain.

For generatinghe RECTANGULAR FISHEYE VIEW,

large parts of the original image have to be scaled
which is computationallyintensve. That's why it

is advantageouso storethe imagedataredundantly
at differentscalinglevels andto reusethe correctly—
scaledversionduringinteractionfeedbackn orderto

decreasdhe responsdime. The generationof the

pre—scaledrersionscanbedonein apreprocesgvhen
loadingthe image,or imagepartsscaledfor display
in anearlierinteractionstepcanbereused.

When creatingredundang it is necessaryfo nd a
tradeof betweertheadditionalmemoryrequirements
and the savings in processingpower. Redundang
is very high if a copy of the image scaledaccord-
ing to eachpossibledownscalingpair is stored. For
instance,storing all resolutioncombinationsin g-
ure7 resultsin 206 25%redundang. It canbeshovn
thattheredundang divergesfor a growing numberof
context belts. However, the redundang can be re-
ducedto 33 3% independentlyfrom the numberof
beltsif onlyimageversionsscaledusingpairs sx Sx
withsx sy arestoredredundanthandtheremaining
scaledmagepartsaregenerate@dnrequesby scaling
theaccordingpre—storedrersion.For thelatter, there
aretwo opportunities:scalingup alow resolutionim-
age whichresultsin highcomputingspeedpr scaling
down a high resolutionimage,which resultsin high
quality. During interaction, speeds moreimportant
thanquality. That's why we are usingupscaling:If,
for example,a partial rectanglewith a downscaling
of 2 4 is requestedijt is generatedby scalingup
the X direction of the correspondingectanglepre—
storedwith downscaling 4 4 . During periodswith-
out interaction, we usedownscalingto re—compute
theview at higherquality (seebelow).

If atransmittedmageis viewed online during trans-
mission (cf. [Rausc9) usingthe RECTANGULAR
FISHEYE VIEW, only someimagepartsareavailable
atacertainscalinglevel. Furthermorerecoveringthe
imagefrom the waveletcoefcient eld of thetrans-
missiontechniquds too slow for interactve response
times. Thus, an ef cient imagerepresentatiomust
be exploited to storescaledversionsof thoseimage
partswhich areavailable.

We realiseda local image cache which is illustrated
in gure 2. To achieve ef cient storagegachscaling
level of theimageis dividedinto tiles. Only thosetiles
require storagespacewhich containimage dataal-

A i

A
o i
7~ 74
7~ 2 i 2% gy

——

q foxof
Y S/
/77

N

Figure2: Redundantocalimagecache.

readytransmitted Sinceonly thefocusis availableat
full resolutionjustthisimagepartneedgo bestored
at level (1,1). Focusand rst context belt are avail-
ableatthe next downscalinglevel andsoon. Moving
thefocusinitiatesnew transmissionsvhichaddsome
moretilesto eachlevel. If atile whichis notavailable
at a certainscalinglevel is neededfor display data
from thecorrespondingjile atthe next lowerlevel are
upscaledandusedinstead. This ensuredastdisplay
refreshandef cient storageby exploiting the sparse
natureof thetransmittedmagedata.

If theuserdoesnotinteractwith theview, asocalled
quality view is computedand replacesthe rapidly
computedput lower quality representationseddur-
ing interaction. This quality view is generatecby
downscalingthe full resolutionversionof the image
(if alocally—availableimageis displayed)or by di-
rect recovery from the wavelet coefcient buffer (if
the transmissiortechniquedescribedn [Rausc99 is
used).

As a resultof exploiting the local image cachewith
33 3% redundang, even the computationallyinten-
sive techniquesnove andresize canbeexecutedwith
interactve responsédehaiour.

6 EXAMPLE

To illustrate the possibleamountof bandwidthand
screenspacesaved, we will now describea scenario
wherea scannedmageof the Rostockpublic trans-
port map (see gure 7) is transmittedvia GSM and
viewed online during transmissiorusing the RECT-

ANGULAR FISHEYE VIEW. The bandwidthof the
simulatedtransmissiorchannelis 7200bits per sec-
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ond,which approximateshe usablebandwidthwhen
runningHTTP via a GSM mobile phone. For more
detail on the transmissionmethod, pleaserefer to
[Rausc9d

Figure7 shavs the downscalinggrid overlaid on the
original 1024x1024pixel image. The focus sizeis
choseno be 256x256pixels, andtherearetwo belts
belt; andbelt, with downscalingScl; 2 and<cl,

4. Both belts are assignedhe sameratio parameter
valueRaio; Raio, 1. Thatmeans,both belts
will have the samewidth in theresulting sheye view
in the gures 3 to 6. Considerablesaringsin display
spacecan be achieved usingthis con guration — the
RECTANGULAR FISHEYE VIEW requiresonly 25%
of the screerareaneededor the originalimage.

By combiningthe viewing methodwith thetransmis-
sionschemgoroposedn [Rausc99, substantiaband-

width savings can be achieved, too — in theory the

sameamountasfor the screerspace.In practice the

resultsslightly deviate from thatsincethe compress-
ibility of theimagevarieslocally.

Priorto startingtheimagetransmissiontheinitial po-
sition of the focus hasto be determined. This may
be doneby usingsomecontet information, e.g.,the
position of the viewer or a point of interest. Here,
it is assumedhatthe userplansto arrive in Rostock
by train. That's why the focusis positionedinto the
mainstationarea.Figure3 shavs thetransmittedm-

ageafter27 secondsAlthough only a smallfraction
of the imagedatahasbeentransmittedat this early
stagetheinformationin thefocusregionis recognis-
able. Comparedo the 27 secondgransmissiortime

for theRECTANGULAR FISHEYE VIEW, transmitting
the whole imageat the samedegreeof detail would

have taken 115 seconds.Thus, the RECTANGULAR

FISHEYE VIEW requiresonly 23.4%the bandwidth
at this early stage. Spendingthese27 secondgdrans-
missiontime on the wholeimagewould have leadto

an incomprehensibleesult. Figure 8 illustratesthat
by comparingthe quality of RECTANGULAR FISH-

EYE VIEW andwholeimageafter27 seconds.

At this point, the usermovesthe focusdown andto
theleft. Theviewing softwareimmediatelychanges
thelayoutbasedon the dataalreadyreceved;theleft
andthe lower partof the new focusregion arerecon-
structedfrom the available dataat lower resolution
(see gure 4). A requestspecifyingthe new grid is
sentto the sener, instructingit to changethe trans-
missionsettings. Given the new con guration, only
thosedatawhich have not yet beentransmittedare
now sentasdifferentialre nementinformation. Six
secondsftermoving thefocus(pluslateng for send-
ing therequesto the sener), the new focusregionis
available at the samedegreeof detail asthe old one
(see gure 5). Furtherprogressie re nementis car

ried out automatically and 88 secondsafter starting
thetransmissionthe readabilityof thewhole sh eye
view (see gure 6) hasreacheda stagewhich can
not be further improved by transmittingmore data
(althoughthe compressiorartefactscould still be re-
duced). Note that transmittingthe whole image at
the quality of the focusin gure 6 would have taken
321 seconds- the RECTANGULAR FISHEYE VIEW
need7% of thattime resp.bandwidth.

7 CONCLUSION

In this paper we have presentedhe RECTANGULAR

FISHEYE VIEW asa new techniquefor the interac-
tive focus—and—conté displayof largerasterimages.
Specialattentionhasbeenpaidto low computingre-

quirements Jow display spaceconsumptionand the
opportunityto integrateredundang—freeimagedata
transmission. This makes the techniqueespecially
suitableto be usedin mobile ervironments.

Thesegoalsareachiezedby overlayingadownscaling
grid of rectangle®ntheimageandto applythesame
downscalingfactorcombinatiorfor X andY direction
to all pixelsin theindividual rectangles.Depending
ontheexactcon gurationof thegrid, thescreerspace
andtransmissiorbandwidthsavings can be substan-
tial asdescribedn section6.

Theinteractvity of thetechniqueoffersahigh degree
of controlto theuser Thisis necessargincethe dis-
play techniquesaresspaceby usingdistortion.Rapid
direct—-manipulatie interactionallows the userto ex-
plore the displayedimageandto tradeoff spacere-
quirementsanddistortion. To supportinteractie re-
sponsdimes,we haveintroducedaredundanstorage
mechanisnior sparsémagedatarepresentations.
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Figure 3: Initial RECTANGULAR FISHEYE VIEW,
512x 512pixels,24562bytestransmitted.

Figure5: RECTANGULAR FISHEYE VIEW with the
new focus,30091bytestransmitted.
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Figure 4: RECTANGULAR FISHEYE VIEW after
maving thefocus,24562bytestransmitted.

Figure6: RECTANGULAR FISHEYE VIEW with the
new focus,79617bytestransmitted.
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Figure7: Originalimagewith downscalinggrid. 1024x 1024 pixels.

Figure8: Quality comparisoraftertransmitting24562bytes:RECTANGU-
LAR FISHEYE VIEW from gure 3 (right) versuswholeimage(left).



