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Abstract
With theadvancesofmobilecomputingtechnology, theusers
of mobilehardwareexpectthesameserviceasusersof sta-
tionary computers do. Accessto large imagesover the In-
ternet posestwo problemsto users of wirelessdata com-
municationdevicesand mobilecomputers: low transmis-
sion bandwidthand small screenspace. In this paper, an
integrated image transmissionand displaymethodis pro-
posed,which ef�ciently usesboth transmissionbandwidth
and screenreal estate. In order to achieve that, we de-
velopeda level–of–detailand region–of–interesttransmis-
sionschemefor rasterimagesbasedon embeddedzerotree
waveletcoding. A special�sh eyeview techniqueis built on
that transmissionscheme, which can bene�t directly from
thepropertiesof a modi�ed waveletdecomposition.

1. Intr oduction

Still imagesplay an important role in today's networked
multimedia systems,e.g., the World Wide Web. Image
transmissionaccountsfor a substantialfractionof the total
bandwidthused. Advancesin mobile technologyare en-
abling Internetaccessfor the usersof mobile computing
hardwareandmobile datacommunicationdevices. These
userswant to accessthe sameinformationas the usersof
stationarycomputersand wired networks. However, mo-
bile computingenvironmentssuffer from limitations im-
posedby smallscreensandthe low bandwidthof thewire-
lessmodems,typically 9600bits persecondfor GSM.

In orderto decreasethebandwidthdemands,lossyim-
agecompressionmethodsmustbe used.The compression
schemeshouldsupportprogressive transmissionin orderto
allow theuserto cancelunwantedtransmissionsat anearly
stageandto shortenresponsetimes. Wavelet–basedcom-
pressionis a goodopportunity, sincethereexist embedded
codingschemeslike [4, 6] whichcanachievethis.

Especiallyfor large images,theuseroftenwantsa cer-
tain resolutionor quality only for someregionsof interest
(RoIs) in the image. The desiredresolutionor quality can
be speci�ed in termsof a level of detail (LoD) [3]. By
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combiningLoD/RoI supportwith an embeddedcompres-
sionscheme,bandwidthdemandscanbedecreasedfurther.
To put full controloverthetransmissionprocessto theuser,
aninteractivecomponentfor specifyingtheLoDs andRoIs
is necessary. Whentheuserrequestsre�nementof a region
of interest,only differentialdatashouldbetransmitted.

If the screenspaceis not suf�cient to display an im-
age,today's systemsusuallyexploit zooming,panningand
scrolling. An alternative which providesadditionalcontext
to theareaof interestare�sh eye views. They canbeseen
asan extensionto zooming,wheredifferentzoomfactors
areassignedto differentregions.

In this paper, we presentan integratedimagetransmis-
sion and display method,which saves both transmission
bandwidthandscreenreal estate.We proposethe rectan-
gular �sh eye view, a focus–and–context displaytechnique
for rasterimages. This techniquebene�ts from the prop-
ertiesof a modi�ed wavelet decompositionschemeandis
integratedwith a new framework for the embeddedimage
transmissionunderconsiderationof levelsof detailandre-
gionsof interest.

Severalauthors[1, 2] have presentedspatiallyvariable
extensionsto progressive imagecoding. Theseworks use
a notion of points of interestand an importancefunction
whichcomputesaweightfor eachwaveletcoef�cient in the
neighborhoodof sucha point. In contrastto our proposed
method,theseschemesrequireto storetransmissionstate
informationpercoef�cient insteadperRoI andarenotcou-
pledwith a displaytechnique.

2. RectangularFish EyeView: Techniqueand
Requirements

The rectangular�sh eye view is a focus–and–context dis-
play techniquefor rasterimagessimilar to therubbersheets
[5] proposedby Sarkaret al. for vectorgraphics.Figures
3 to 6 show an example,which we will discussin detail
later. A focusregion, displayinga partof the imageat full
resolution,is surroundedby context rings, “squeezed”by
ascendingpowersof two. Eachring is formedby eightad-
jacentrectangularregions,whicharedownscaledin x andin
y directionby (possiblydifferent)powersof two. Figure7
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depictsthedownscalinggrid whichhasbeenusedto gener-
atetheview. Becauseonly a partof the imageis shown at
full resolutionat a time, thesystemmustallow theuserto
panthefocusregion interactively, causinganew partof the
imageto be displayedin detail. Furthermore,interactions
for customizingthe view by resizingthe focusregion and
changingthe numberandsizeof the context rings should
alsobeprovided.

The proposed�sh eye techniqueallows the displayof
large imagesin a screen–spacesaving manner, providing
detailedinformationin the imageregion theusercurrently
paysattentionto, andcoarsecontext informationin there-
mainingpartsof the image. Sincethedownscalingfactors
have beenchosento be powers of two, this display tech-
niquecanbe integratedwith a wavelet–basedimagetrans-
missionmethodin orderto save bandwidth.That'swhy the
techniqueis ef�ciently applicableto remotelystoredlarge
images.

For ef�cient bandwidthuse,it mustbepossibleto trans-
mit the imagedataat different resolutionsin different re-
gions as neededfor display; a grid of regions of interest
is needed.Sinceonly datarequiredfor displayshouldbe
transmitted,theunderlyingimagerepresentationmustsup-
port differentdownscalingfactorsin thex andthey direc-
tion. Progressivere�nementduringtransmissionis strongly
desiredin orderto givetheuseranearlyimpressionwhether
or not the focus region is positionedcorrectly. Transmis-
sion startswith an initial grid. Eachinteractionspeci�es
a new grid, which mustbesharedbetweentransmitterand
receiver andmaintainedat bothsides.Creatinga new grid
must causeonly differential datato be transmitted,since
redundantdatatransmissionsare intolerablein low band-
width environments. Prioritization of RoIs is requiredto
allow preferentialtransmissionof thefocusregion.

In order to meettheserequirements,we composethe
downscalinggrid from rectangularregionsof interest, and
thedownscalingfactorsaremodeledaslevelsof detail. A
new waveletdecompositionschemesupportsdifferentreso-
lutionsin x andy direction.Progressivetransmissionis real-
izedby a variantof theembeddedzerotreewaveletmethod
[6], which hasbeenadaptedto caterfor theneedsof LoDs
andRoIs. Redundancy–freetransmissionis ensuredby us-
ing a schemewhich createsa set of partitioning intersec-
tions from the original overlappingRoI grids. RoI sched-
uler componentsat senderand receiver prioritize, control
andsynchronizethe transmission.They canbe controlled
usingcommands.The remainingsectionsdealwith some
of theseconceptsandcomponentsin greaterdetail.

3. Levelsof Detail and Regionsof Interest

A level of detail (LoD) determineshow detaileda part of
the imageis transmitted.EachLoD canbe representedas

anorderedsetof vectorsin a vectorspacewith thedimen-
sionsx resolution, y resolution, precisionandcolor. Theor-
derin thesetis describedby constraintsanddeterminesthe
sequenceof transmissionof the datacorrespondingto the
individual elementsof the LoD. This mechanismensures
that thedataaretransmittedin theright order, for instance,
that the low–low subbandof the wavelet representationis
beingtraversedbeforethe highersubbands,or that higher
bitplanesarevisitedbeforelower bitplanes,which areim-
portantpreconditionsfor the encoding/decodingalgorithm
to work.

A region of interest(RoI) assignsa level of detail to a
rectangularsetof pixels in the image,calledthe footprint.
For eachRoI, threekindsof LoDsaremaintained:thetrans-
missiontarget, atwhichthetransmissionof datafor theRoI
is terminated,the transmissionstate, which representsthe
amountof dataalreadytransmittedfor that RoI, and the
delta state, which is the setdifferencebetweenthe trans-
missiontarget and the transmissionstate. Furthermore,a
RoI is assignedschedulinginformation. A more detailed
andformal descriptionof theLoD/RoI modelcanbefound
in [3].

4. A new waveletdecompositionscheme

The �sh eye techniquerequiresthe resolutionsin x andy
directionto differ by morethanafactorof two in somegrid
rectangles(e.g.,thetopmiddlerectanglein �gure 7 isscaled
down in y directionto one–fourthandnot scaledin x direc-
tion; thus,the resolutionsdiffer by a factorof 4). Unfortu-
nately, theclassicwaveletdecompositionschemesupports
differing resolutionsonly up to a factorof two. Using this
scheme,it would be necessaryfor someregions to trans-
mit imagedataat a higherresolutionthanneededfor dis-
play andto performadditionaldownscalingat the receiver
side. Sinceit is importantto transmitonly datawhich are
required,we introducea modi�ed wavelet decomposition
schemeasshown in �gure 1. Additionally to �ltering the
LL subbandas in the dyadic decompositionmethod,we
apply the wavelet �lter in x direction to the LH subband
andin y directionto the HL subband(markedby the gray
boxes in �gure 1). By doing this, thesesubbandsarede-
composedfurther in one direction, andwe get a subband
structurewhichsupportsthenon–redundanttransmissionof
imagepartswherethe downscalingfactorsfor x andy di-
rectioncandiffer by a factorof 2n with n � 1, wheren is
thenumberof one–directionaldecompositionsteps.

Thenew decompositionschememayintroduceartefacts
in the focus region during the early stagesof progressive
transmission,asshown in �gure 2A. Horizontalandverti-
cal structurestendto intrudeinto areasof low activity. 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

Figure 2. Artefacts of new decomposition scheme at 0.25bpp

decompositionlevelsto theminimumnumberneeded.For
thegrid in �gure 7, just two thoselevelsarerequired.The
�gures 2A (4 levels)and2B (3 levels)show theeffectof this
reduction.Second,we canusea Haar�lter (cf. �gure 2C)
insteadof abiorthogonal�lter for theone–directionalsteps.
A combinationof thesetwo measuresef�ciently suppresses
the artefactsfor our application. Furthermore,progressive
re�nement guaranteesthat they are not visible for a long
time.

5. Redundancy–freeprogressive transmission

We modi�ed the embeddedzerotreewavelet algorithm to
supportthenew decompositionschemeandintegratedRoI
andLoD supportinto it. TheLoD vectorspacedimensions
aremappedto waveletrepresentationpropertiesasfollows:
thespatialresolutionsarerepresentedby thesubbands,the
precisionby the coef�cient bitplanesandthecolor dimen-
sion hasthe two valuesY and (Cb �

Cr ). During coding
anddecodingtraversalof the wavelet array, we visit only
thosecoef�cient bit positionsin thosesubbandswhichhave
a correspondingelementin thecurrentdeltastate.RoIsare
supportedbyconstrainingthetraversalto thewaveletcoef�-
cientscontributingto theRoI'sfootprint. In orderto achieve
that,thefootprintsaretransformedto waveletspace,creat-
ing amultiresolutionrepresentation.

Figure7 illustrateshow RoIsandLoDscanbeexploited
to generatethe downscalinggrid of a rectangular�sh eye
view. Accordingto this grid, we de�ne 25 RoIswith rect-
angularfootprintsandspecifytheir transmissiontargetsas
follows: Thedimensionsx resolutionandy resolutionof the
targetLoD describethedownscalingof the imagedatafor
the individual regions;they limit thedatato betransmitted
to the accordingsubbands.The dimensionsprecisionand

color arenot neededfor the spatiallayout of the �sh eye
view; they areusedfor progressive re�nement, i.e., set to
theirmaximumvaluesin thetransmissiontarget.

To ensureredundancy–free transmissioneven if RoIs
have overlappingfootprints, the transmissionframework
createsa setof new RoIs with non–overlappingfootprints
calledpartitioning intersections. For eachelementof such
a set, a compoundtransmissiontarget, transmissionstate
anddeltastatearecomputedusingsetoperationsfrom the
correspondingparametersof theoriginal RoIs overlapping
this new RoI. Only the datarepresentedby the compound
deltastatesaretransmittedfor eachof thepartitioninginter-
sections.

6. TransmissionControl

Both receiver and transmitteruse a RoI schedulercom-
ponentto keeptrack of the set of regions of interestand
to computethe partitioning intersections. Since explicit
storageof the intersectionswould involve a large memory
overhead,we prefer an implicit realization: During cod-
ing/decodingtraversalof the wavelet coef�cient array, we
usespanarithmeticknown from thescanconversionof 2D
shapesto determinethedeltastatesfor thedifferentpartsof
thecurrentscanline.Thecurrentbit of thecoef�cients on a
spanis transmitted,if thespanis insideatleastonefootprint
whoseRoI has– accordingto its transmissionstate– notyet
transmitteddatafor thecurrentsubbandandthecurrentbit,
but outsideall RoIswhichalreadyhave.

Theschedulersdecidedependingon schedulingparam-
etersand delta stateswhich subbandand which bitplane
of the wavelet coef�cient array to zerotree–codenext for
which RoI. To control transmission,eachRoI is assigneda
priority numberpi �

� � � � � �

1
�

0
�

1
� � � � �

whichin�uencesthe
transmissionsequenceas follows: Assumethat the num-
ber of the bit planeto be transmittednext is denotedby
bi �

�

1
�

2
� � � � �

, where1 representsthe mostsigni�cant co-
ef�cient bit. Fromall regionsof interest,theRoI scheduler
selectsaRoI r j to betransmittednext dependingon thefol-
lowing criterion: � i : b j

�

p j �
bi

�

pi. Duringtransmission,
this gives a higher prioritized RoI rx a “lead” of px

�

py
bit planesover a RoI ry. Sincethe focusregion shouldbe
treatedwith preference,weassignp 	 3 to thefocus,p 	 1
to the context ring adjacentto the focusand p 	 0 to the
remainingrings.

Senderandreceivermustalwaysbekeptsynchronized.
In order to achieve that, control commandsto de�ne new
RoIsor to changeparametersof existingRoIsareembedded
into thedatastream.If thereceiverissuesacommandto the
sender(e.g.,to specifyanew grid), it is put into acommand
queuethere. Eachtime after onecoef�cient bit planehas
beenencodedfor onesubbandandoneRoI, this queueis
evaluated;thecommandsareexecutedby thesender's RoI
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schedulerandinterleavedwith the codestreamin orderto
be executedby the receiver at the samepoint during the
decodingprocess.

7. Results

7.1. Example

This sectionwill give an exampleof the proposedmeth-
odsimulatinga transmissionof thescannedRostockpublic
transportmapover a 7200bpschannel.Thegrid in �gure 7
hasbeenusedto generatea �sh eyeview of 512x512pixels
with a focus region of 256x256pixels from a 1024x1024
pixel image.Figure3 shows thetransmittedimageafter27
seconds.The focusregion may have beenpositionedini-
tially by knowing somecontext information,e.g.,theposi-
tion of thevieweror his travel plans.Althoughonly asmall
fractionof theimagedatahasbeentransmittedat this early
point (three–fourthof all wavelet coef�cients have been
completelyignored, from the remainingones,only some
bitshavebeenencoded),theinformationin thefocusregion
is recognizable.Comparedto the27 secondstransmission
time, transmittingthewhole imageat theLoD of thefocus
regionwouldhave taken115seconds.

At this point, the usermoves the focus down and to
the left (see�gure 4). The viewing softwareimmediately
changesthe layout basedon thedataalreadyreceived; the
left andthe lower part of the new focusregion arerecon-
structedfrom the availabledataat a lower level of detail.
To updatetheRoI set,a requestis sentto the server spec-
ifying the new grid. The server convertsthis requestinto
commandsinstructingthe encodingRoI schedulerto stop
encodingall existing RoIsandto de�ne new oneswith the
appropriatelocalLoDs. Giventhenew grid,only thoseparts
of thewaveletarraywhichhavenotyetbeentransmittedare
now encodedand sentas differential re�nement informa-
tion. Only 6 secondsafter moving the focus(plus latency
for sendingtherequestto theserver), thenew focusregion
is availableatthesametransmissionstateastheold one(see
�gure 5). Furtherprogressivere�nementis carriedoutauto-
matically, and88secondsafterstartingthetransmission,the
readabilityof thewhole �sh eye (see�gure 6) hasreached
a stagewhich cannot be further improvedby transmitting
moredata(althoughtheartefactscouldstill bereduced).

7.2. Discussion

Theproposedimagebrowsingmethodhasbeendeveloped
to copewith thebandwidthconstraintsandscreensizelim-
itationsof mobile computingenvironments.Bandwidthis
usedef�ciently by utilizing compressionandredundancy–
freetransmission.Thedisplaytechniqueis integratedwith
thetransmissionschemeandcanbene�t from its properties.
By usinga focusregion andcontext rings, screenspaceis

savedwhile theimportantinformationin theimageis main-
tained.An embeddedcodestreamsupportsearly feedback
to correctly position the focus region. Savings in screen
spacedependon thelayoutof thedownscalinggrid but are
substantial:Theview in �gure 6 occupiesonly onefourthof
thespacetheoriginal imagewould need.Sinceonly those
dataaretransmittedwhich areneededfor thepresentation,
thesamesavingsapplyto thetransmissionbandwidthaddi-
tionally to thesavingsachievedby thewavelet–basedimage
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

Figure 7. RoI grid of the �sh eye view (1024 x 1024)


