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Abstract

With theadvance®f mobilecomputingecinolagy, theusers
of mobilehardware expectthe sameserviceasuses of sta-
tionary computes do. Accesdo large imagesover the In-

ternet posestwo problemsto uses of wirelessdata com-
municationdevicesand mobile computes: low transmis-
sion bandwidthand small screenspace In this paper an

integratedimage transmissiorand display methodis pro-

posed,which efciently usesboth transmissiorbandwidth
and screenreal estate In order to achieve that, we de-
velopeda level-of-detailand region—of-inteesttransmis-
sionschemefor rasterimagesbasedon embeddedentree
waveletcoding A special sh eyeview techniqueis built on

that transmissiorscheme which can bene t directly from

thepropertiesof a modi ed waveletdecomposition.

1. Intr oduction

Still imagesplay an importantrole in today's networked
multimedia systems,e.g., the World Wide Weh Image
transmissioraccountdor a substantiafraction of the total
bandwidthused. Advancesin mobile technologyare en-
abling Internetaccesdor the usersof mobile computing
hardware and mobile datacommunicatiordevices. These
userswant to accesghe sameinformation asthe usersof

stationarycomputersand wired networks. However, mo-
bile computingenvironmentssuffer from limitations im-

posedby smallscreensandthe low bandwidthof the wire-

lessmodemstypically 9600bits persecondor GSM.

In orderto decrease¢he bandwidthdemandslossyim-
agecompressiommethodsmustbe used. The compression
schemeshouldsupportprogressie transmissiornn orderto
allow theuserto cancelunwantedtransmissiongtanearly
stageandto shortenresponsdimes. Wavelet—-baseadom-
pressions a goodopportunity sincethereexist embedded
codingschemedike[4, 6] which canachievethis.

Especiallyfor largeimagesthe useroftenwantsa cer
tain resolutionor quality only for someregions of interest
(Rols)in theimage. The desiredresolutionor quality can
be speci ed in termsof a level of detail (LoD) [3]. By
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combining LoD/Rol supportwith an embeddedccompres-
sionschemebandwidthdemandsanbe decreaseéurther.

To putfull controloverthetransmissiomprocesgo theuser

aninteractve componentor specifyingthe LoDs andRols

is necessaryWhentheuserrequestse nementof aregion

of interest,only differential datashouldbe transmitted.

If the screenspaceis not sufcient to display anim-
age,today’s systemsausuallyexploit zooming,panningand
scrolling. An alternatve which providesadditionalcontext
to the areaof interestare sh eye views. They canbe seen
asan extensionto zooming,wheredifferentzoomfactors
areassignedo differentregions.

In this paper we presentanintegratedimagetransmis-
sion and display method, which saves both transmission
bandwidthand screenreal estate. We proposethe rectan-
gular sh eye view, afocus—and—conté displaytechnique
for rasterimages. This techniquebene ts from the prop-
ertiesof a modi ed wavelet decompositiorschemeandis
integratedwith a new framework for the embeddedmage
transmissiorunderconsideratiorof levels of detailandre-
gionsof interest.

Severalauthorg[1, 2] have presentedpatially variable
extensionsto progressre imagecoding. Theseworks use
a notion of points of interestand an importancefunction
which computesa weightfor eachwaveletcoefcient in the
neighborhoodf sucha point. In contrastto our proposed
method,theseschemegequireto storetransmissiorstate
informationpercoefcient insteadpoerRol andarenot cou-
pledwith a displaytechnique.

2. RectangularFish Eye View: Techniqueand
Requirements

The rectangularsh eye view is a focus—and—conte dis-
play techniquefor rasterimagessimilarto therubbersheets
[5] proposedby Sarkaret al. for vectorgraphics. Figures
3 to 6 shav an example,which we will discussin detail
later A focusregion, displayinga partof the imageat full
resolution,is surroundeddy contet rings, “squeezed’by
ascendingowersof two. Eachring is formedby eightad-
jacentrectangularegions,whicharedownscaledn x andin
y directionby (possiblydifferent) powersof two. Figure7
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depictsthe downscalinggrid which hasbeenusedto gener

atetheview. Becausenly a partof theimageis shavn at

full resolutionat a time, the systemmustallow the userto

panthefocusregioninteractively, causinga new partof the

imageto be displayedin detail. Furthermorejnteractions
for customizingthe view by resizingthe focusregion and
changingthe numberand ssize of the context rings should
alsobe provided.

The proposedsh eye techniqueallows the display of
large imagesin a screen—spacsa’Zing manney providing
detailedinformationin theimageregion the usercurrently
paysattentionto, andcoarsecontext informationin there-
maining partsof theimage. Sincethe downscalingfactors
have beenchosento be powers of two, this display tech-
nigue canbe integratedwith a wavelet—basedmagetrans-
missionmethodin orderto save bandwidth.That'swhy the
techniqueis ef ciently applicableto remotelystoredlarge
images.

For ef cient bandwidthuse,it mustbepossibleo trans-
mit the imagedataat differentresolutionsin differentre-
gions as neededfor display; a grid of regions of interest
is needed. Sinceonly datarequiredfor display shouldbe
transmittedthe underlyingimagerepresentatiomustsup-
port differentdownscalingfactorsin the x andthey direc-
tion. Progressiere nementduringtransmissioris strongly
desiredn orderto givetheuseranearlyimpressiorwhether
or not the focusregion is positionedcorrectly Transmis-
sion startswith an initial grid. Eachinteractionspeci es
anew grid, which mustbe sharedbetweentransmitterand
recever andmaintainedat both sides. Creatinga new grid
must causeonly differential datato be transmitted,since
redundantdatatransmissionsre intolerablein low band-
width ervironments. Prioritization of Rols is requiredto
allow preferentiatransmissiorof the focusregion.

In orderto meettheserequirementswe composethe
downscalinggrid from rectangularegionsof interest and
the downscalingfactorsare modeledaslevelsof detail. A
new waveletdecompositiorschemesupportdifferentreso-
lutionsin x andy direction.Progressietransmissioris real-
ized by avariantof theembeddederotreevaveletmethod
[6], which hasbeenadaptedo caterfor the needsof LoDs
andRols. Redundang—freetransmissions ensurecby us-
ing a schemewhich createsa setof partitioning intersec-
tions from the original overlappingRol grids. Rol sched-
uler componentsat senderand recever prioritize, control
andsynchronizethe transmission.They canbe controlled
usingcommands.The remainingsectionsdeal with some
of theseconceptandcomponentén greaterdetail.

3. Levelsof Detail and Regionsof Inter est

A level of detail (LoD) determineshow detaileda part of
theimageis transmitted.EachLoD canbe representeds

anorderedsetof vectorsin a vectorspacewith the dimen-
sionsx resolutiony resolution precisionandcolor. Theor-
derin thesetis describedy constraintanddetermineghe
sequencef transmissiorof the datacorrespondingo the
individual elementsof the LoD. This mechanismensures
thatthe dataaretransmittedn theright order, for instance,
that the low—low subbandof the wavelet representatioris
beingtraversedbeforethe higher subbandsor that higher
bitplanesare visited beforelower bitplanes which areim-
portantpreconditiongor the encoding/decodinglgorithm
to work.

A region of interest(Rol) assignsa level of detailto a
rectangulaisetof pixelsin theimage,calledthe footprint
ForeachRol, threekindsof LoDsaremaintainedthetrans-
missiontarget, atwhich thetransmissiorof datafor theRol
is terminatedthe transmissiorstate which representshe
amountof dataalreadytransmittedfor that Rol, and the
delta state which is the setdifferencebetweenthe trans-
missiontarget and the transmissiorstate. Furthermorea
Rol is assignedschedulinginformation A more detailed
andformal descriptionof the LoD/Rol modelcanbefound
in [3].

4. A newwaveletdecompositionscheme

The sh eye techniquerequiresthe resolutionsin x andy
directionto differ by morethanafactorof two in somegrid
rectanglege.g.,thetopmiddlerectanglen gure 7isscaled
down in y directionto one—fourthandnot scaledn x direc-
tion; thus,the resolutiondiffer by a factorof 4). Unfortu-
nately the classicwaveletdecompositiorschemesupports
differing resolutionsonly up to a factorof two. Usingthis
schemejt would be necessarfor someregionsto trans-
mit imagedataat a higherresolutionthanneededor dis-
play andto performadditionaldownscalingat the recever
side. Sinceit is importantto transmitonly datawhich are
required,we introducea modi ed wavelet decomposition
schemeasshawvn in gure 1. Additionally to Itering the
LL subbandasin the dyadic decompositiormethod,we
apply the wavelet Iter in x directionto the LH subband
andin y directionto the HL subbandmarked by the gray
boxesin gure 1). By doing this, thesesubbandsare de-
composedurther in one direction, and we get a subband
structurewhich supportghenon—redundarttansmissiorof
imagepartswherethe downscalingfactorsfor x andy di-
rectioncandiffer by a factorof 2" with n 1, wheren is
thenumberof one—directionatlecompositiorsteps.
Thenew decompositioschemenayintroduceartefacts
in the focus region during the early stagesof progressie
transmissionasshavn in gure 2A. Horizontalandverti-
cal structuregendto intrudeinto areaof low actiity. This
artefact can be reducedusing a combinationof two mea-
sures: First, we canreducethe numberof one—directional
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Figure 1. Classic (top) and new (bottom) decomposition

B

Figure 2. Artefacts of new decomposition scheme at 0.25bpp

decompositiodevelsto the minimum numbemeeded.For
thegrid in gure 7, justtwo thoselevelsarerequired. The
gures 2A (4 levels)and2B (3 levels)show theeffectof this
reduction.Secondwe canuseaHaar lter (cf. gure 2C)
insteadof abiorthogonallter for theone—directionasteps.
A combinatiornof thesetwo measuregf ciently suppresses
the artefactsfor our application. Furthermore progressie
re nement guaranteeshat they are not visible for a long
time.

5. Redundancy—freeprogressve transmission

We modi ed the embeddedrerotreewavelet algorithmto
supportthe new decompositiorschemeandintegratedRol
andLoD supportinto it. TheLoD vectorspacedimensions
aremappedo waveletrepresentatiopropertiesasfollows:
the spatialresolutionsarerepresentethy the subbandsthe
precisionby the coefcient bitplanesandthe color dimen-
sion hasthe two valuesY and(C, C;). During coding
and decodingtraversalof the wavelet array we visit only
thosecoefcient bit positionsin thosesubbandsvhich have
acorrespondinglementin the currentdeltastate.Rolsare
supportedy constraininghetraversalto thewaveletcoef-
cientscontributingto the Rol'sfootprint. In orderto achiese
that, the footprintsaretransformedo waveletspacecreat-
ing amultiresolutionrepresentation.

Figure7 illustrateshow RolsandLoDs canbeexploited
to generatehe downscalinggrid of a rectangularsh eye
view. Accordingto this grid, we de ne 25 Rolswith rect-
angularfootprintsand specifytheir transmissiortargetsas
follows: Thedimensionx resolutionandy resolutionof the
targetLoD describethe downscalingof the imagedatafor
theindividual regions;they limit the datato betransmitted
to the accordingsubbands.The dimensionsprecisionand

color are not neededfor the spatiallayout of the sh eye
view; they are usedfor progressie re nement, i.e., setto
their maximumvaluesin thetransmissiorarget.

To ensureredundang—free transmissioreven if Rols
have overlappingfootprints, the transmissionframenork
createsa setof new Rols with non—werlappingfootprints
calledpartitioning intersections For eachelementof such
a set, a compoundtransmissiontarget, transmissiorstate
anddeltastateare computedusing setoperationdrom the
correspondingarameter®f the original Rols overlapping
this new Rol. Only the datarepresentedby the compound
deltastatesaretransmittedor eachof the partitioninginter-
sections.

6. TransmissionControl

Both recever and transmitteruse a Rol schedulercom-
ponentto keeptrack of the setof regions of interestand
to computethe partitioning intersections. Since explicit
storageof the intersectionswvould involve a large memory
overhead,we preferan implicit realization: During cod-
ing/decodingtraversalof the wavelet coefcient array we
usespanarithmeticknown from the scancorversionof 2D
shapeso determinghedeltastatedor thedifferentpartsof
the currentscanline.The currentbit of the coefcients ona
spanis transmittedif thespanis insideatleastonefootprint
whoseRol has—accordingo its transmissiorstate- notyet
transmitteddatafor the currentsubbandandthe currentbit,
but outsideall Rolswhich alreadyhave.

The schedulerslecidedependingon schedulingparam-
etersand delta stateswhich subbandand which bitplane
of the wavelet coefcient arrayto zerotree—codaext for
which Rol. To controltransmissiongachRol is assigned
priority numberp; 101 whichin uencesthe
transmissiorsequences follows: Assumethat the num-
ber of the bit planeto be transmittednext is denotedby
b 12 , wherel representshe mostsigni cant co-
efcient bit. Fromall regionsof interestthe Rol scheduler
selectsaRol r; to betransmittechext dependingn thefol-
lowing criterion: i:bj p; bi pi. Duringtransmission,
this gives a higher prioritized Rol ry a “lead” of py py
bit planesover a Rol ry. Sincethe focusregion shouldbe
treatedwith preferencewe assignp 3tothefocus,p 1
to the contet ring adjacentto thefocusandp 0 to the
remainingrings.

Senderandrecever mustalwaysbe keptsynchronized.
In orderto achieve that, control commandgo de ne new
Rolsorto changgarametersf existing Rolsareembedded
into thedatastream.If thereceverissuesacommando the
sendele.g.,to specifyanew grid), it is putinto acommand
queuethere. Eachtime after one coefcient bit planehas
beenencodedor one subbandand one Rol, this queueis
evaluated;the commandsare executedby the senders Rol
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schedulerandinterleared with the codestreamin orderto
be executedby the recever at the samepoint during the
decodingprocess.

7. Results

7.1. Example

This sectionwill give an example of the proposedmeth-
od simulatinga transmissiorof the scannedRostockpublic
transportmapover a 7200bpschannel.Thegrid in gure 7
hasbeenusedto generata sh eyeview of 512x512pixels
with a focusregion of 256x256pixels from a 1024x1024
pixel image.Figure3 showns thetransmittedmageafter27
seconds.The focus region may have beenpositionedini-
tially by knowing somecontext information,e.g.,the posi-
tion of theviewer or histravel plans.Althoughonly asmall
fractionof theimagedatahasbeentransmittedat this early
point (three—fourthof all wavelet coefcients have been
completelyignored, from the remainingones,only some
bits have beenencoded)theinformationin thefocusregion
is recognizable.Comparedo the 27 seconddransmission
time, transmittingthe wholeimageat the LoD of the focus
regionwould have taken115seconds.

At this point, the user moves the focus down and to
the left (see gure 4). The viewing softwareimmediately
changeghe layoutbasedon the dataalreadyreceved; the
left andthe lower part of the new focusregion arerecon-
structedfrom the available dataat a lower level of detail.
To updatethe Rol set,a requestis sentto the sener spec-
ifying the new grid. The sener corvertsthis requestinto
commandsnstructingthe encodingRol schedulerto stop
encodingall existing Rolsandto de ne new oneswith the
appropriatdocalLoDs. Giventhenew grid, only thoseparts
of thewaveletarraywhich have notyetbeentransmittecare
now encodedand sentas differential re nement informa-
tion. Only 6 secondsafter moving the focus (plus lateng
for sendingtherequesto the sener), the new focusregion
is availableatthesameransmissiorstateastheold one(see
gure 5). Furtherprogressiere nementis carriedoutauto-
matically, and88 secondsfterstartingthetransmissionthe
readabilityof the whole sh eye (see gure 6) hasreached
a stagewhich cannot be furtherimproved by transmitting

moredata(althoughthe artefactscouldstill bereduced).

7.2. Discussion

The proposedmagebrowsing methodhasbeendeveloped
to copewith the bandwidthconstraintsandscreersizelim-
itations of mobile computingenvironments. Bandwidthis
usedef ciently by utilizing compressiorand redundang—
freetransmission.The displaytechniques integratedwith
thetransmissioschemeandcanbene t from its properties.
By usinga focusregion and context rings, screenspaceis

savedwhile theimportantinformationin theimageis main-
tained. An embeddeaodestreamsupportsearly feedback
to correctly position the focus region. Savings in screen
spacedependon thelayout of the downscalinggrid but are
substantialTheview in gure 6 occupienly onefourth of
the spacethe original imagewould need. Sinceonly those
dataaretransmittedwhich areneededor the presentation,
thesamesaringsapplyto thetransmissiobandwidthaddi-
tionally to thesavingsachiezedby thewavelet—baseinage
compression.
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Figure 3. Initial sh eye view, 512 x 512, 24562 bytes

Figure 4. Fish eye view after moving focus, 24562 bytes

Figure 5. Fish eye view with the new focus, 30091 bytes

Figure 6. Fish eye view with the new focus, 79617 bytes
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Figure 7. Rol grid of the sh eye view (1024 x 1024)




