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Abstract:

This paperpresentghe conceptof alternativepresentatiorcomponentsn the contextof mobile visualization.A criterion
for distinguishingoetweemmediawith respecto their preparatiorfor the presetation of informationis introducedandthe
conventionalisualizationpipelineis extendedo accommadatethe needsof mobile informationpresentation.The concept
is illustrated by someexamplesconcerningmultimediadocumentpresentatiorand scientific visualization. A functional
approachto the problem of finding an appropriateinformation presentatiortechniqueconsideringthe currentresource
situation of the mobile environmentis presentedand formally described.Some problemsarising when applying it in
practice are discussed.
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1 Introduction

Thefield of scientific visualizationhasprogressedapidly during the last few years.Today, thereexist many
visualizationtechiquesfor scientific data, and powerful visualization systemsare commercially available.
Informationvisualization,coinedin 1994by GershonfGER94],is a field of currentresearchwhich dealswith
the visualizationof other information classesthan scientific data. As a global universeof information the
World Wide Web gained great importance over the last few years.nhli& technology is widelsgvailable.It
offers potentialsfor presentingnformation which have not beenexhaustivelyexplored by now. Last but not
least, GSM networks place the idea of ubiquitous, mobile information accesswithin the reach of current
technology.

2 TheProblem

Two contradictionsare inherentin information accessrom ,everywhere“and information presentatioron a
mobile conputer system:

¢ The bandwidth demands the transmissionof largevolumesof dataconflict with the low bandwidthof
GSM and wide area networks.

¢ Theresourcademandf the presenttion of large volumesof informationconflict with the potentially
poor resources of the mobile engstem.

One can think of various mechanisms to trade-off the two sides of the conflicts to a certain degree.

First, one camlecreas¢he bandwidthdemandsof videoandstill imagetransmissiorby acceptingowerimage
quality. Currentresearchat our institute investigatesthe parametersvhich affect bandwidthdemandsand
quality, measuregor imageand video quality and the relation betweenquality and bandwidthdemandsThe
goal of this researchs to developa protocolfor the quality and resourcecontrolledtrangnissionof video and
still images (see [GRI96]).

A secondopportunity for coping with limited resourcesis offered by the conceptsdetail-on-demandand
progressiverefinement Whenusing detail-on-demanahe useris presentedin overviewwhich he canrefine
interactivelyashewishes.In orderto exploit detail-on-demanahe presentednformationhasto be structured
hierarcheally. When using progressiverefinement,presentatiorstartswith a coarse-grainedepresentation,
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which is refinedautomattally. The refinementis stoppedby a userinteraction.This techniqueis well-suited
for the transmission of still images. The JPEG standard, for instance, supports a ,Progressive Mode".

Third, thedistribution of the presentatiorbetweera serverandthe mobile client enablesthe useof demanding
renderingalgorithmslike ray tracing. This techniquehasbeenappliedfor instancein the field of fluid flow
visualization.

Therestof this paperillustratesthe conceptof alternativepresentatiorcomponentsWe assumehatthereare
multiple visualzation techniques (presentation comg@ots) which show the user what he wantsagbut have
different resourcedemandsFrom this rangea componentis selectedwhich is contentwith the availablere-
sources.

3 Alternative Presentation Components

3.1 Information Presentation

Mediaareusedto storeandpreseninformation. The MHEG standard STE93]introducedfive different media
types: perception medium, representatiormedium, presentatiormedium, starage medium and transmission
medium.Information presetation meansto mapa representatiomedium (which is a datatype with an enco-
ding, e.g.,a bitmap)to a presentatiormedium (which is a mediumwith somecortrollable and perceivable
property, e.g., the color of a pixel on the screen).

Intuitively, one can classify representatiomediaby whetherthey havebeenpreparedfor the presentatioror
not. In the caseof preparedmedia the encodingof the representationmediumcan be directly mappedto the
presentationmedium (e.g., a bitmap which can be directly mappedpixel by pixel on the screen).The
preparatiorinvolvestransformation®f theinitial informationwhichis usuallylostin that processThis initial

informationis storedin unpreparedmedia- but they cannotbe mappeddirectly to a presentatiomedium.An

examplefor this type of mediais a setof volume data.Beforeit canbe presenteda scientific visualization
algorithm has to transform it into a bitmap.

Informationpresentatiomusingconvertional medialike text, image,audioandvideois widely used.A rich set
of experences from print media design and radio and TV broadcasting can be drawn on.

The new field of information visualization(see,e.g.,[GER94]) on the other hand tries to apply the well-

understoodrisualizationtechniquedor scientific datato new classesf information. Theseare more abstract
than scientific data, by which most authors mean the absence of a spadertiain.Informationvisualization
is the creationof a graphicalrepresentatiofrom a setof informationto supportthe localization,the retrieval
and the understandingof information. Severalprototypesexist (see, e.g., [CAR91], [BEN95], [CHA95],

[KEI94], [HEM93]), but - as opposedby the field of scientific visualization- thereis neithera commonly
accepted definition nor a framework for information visualization.

Thus, for our research into information visualization in the mobile contexdjdvgot coverthe whole rangeof
information classes but limited ourselves to the well-understood classes of scientific datapigieallyrelated
data and structured multimedia documents.

3.2 Mobile Information Presentation

Informationpresentatiorin the contextof limited resourcesnay requireto drop partsof the informationor to

encodeit in a resource-savingvay. For preparedmedia,a conversionto anothernot so resource-cosuming
preparedmedium(often calleda media translatior) may be necessaryk-or unpreparedmedia,a techniquewith

a reasomble cost-benefitratio hasto be selected(i.e. a techniquewhich meetsthe interpraation goalsof the
userand has adequateresourcedemands).The realizationof the presentatiorusing the selectedtechnique
requires piping the data through all or some parts of the visualization pipeline (se€llig

raw data Prep(o- prepro-
cessing cessed data
) geometry )
Rendering data Mapping

Figure 1: The visualization pipeline

selected data
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In the mobile context,the conventionalisualizationpipelineshownin figure 1 (cf., e.g.,[NIE90]) needsto be
extendedto caterfor the use of alternative presentationcomponentsthe use of prepared media and the
distributionof the processeacrossthe network. Thus, we addthe presentatiorstageafter the rendeimg stage
(seefigure 2). This modelallowsto accommodat@reparednedia(called presentablelatain figure 2) andthe
different forms of unpreparedmedia (called raw data, preprocessedlata, selected data, and abstract
presentatiordatain figure 2). We seean alternativepresentatiorcomponentas any part of the presentation

pipeline which includes the presentation stage.
cessing cessed data
abstract

Pres::tt:ble presentation

data
Figure 2: Extension of the visualization pipeline

presentation
medium

Take a preparedmedium, like a video stream.Its presentatiorin the contextof limited resourcesnay - as
statedabove- requirea mediatranslation.That means,the presentablelatahaveto be convertedfrom one
format into arother with the goal, that the result of the conversionis presentablen the currentresource
context.In this case the selectionof an alternativepresentatiorcomponentorrespondgo the selectionof a
format of presentablalata,and the realizationof the presentatiorcorrespondgo its display on the mobile
system.Table 1 showspossiblealternativeformats for presentabledatawhich are equally or lessresource-
consuming compared to the originalrfaat.

Alternative formats
Original format Video / animation Image series Still Image Text
Video / animation X X X X
Image series X X X
Still Image X X
Text X

Table 1: Alternatives for prepared visual media

Dependingon the network bandwidthand the resourcesof the mobile system,the video streamcould be
presentedsa video,asanimageseries(a sortof a ,slide show" featuringimportantframes),asa still image
(eithera bitmapor a vectorgraphicswhatevemeeddessresourcespr asa descriptivetext. Sincethe moreab-
stractinformation (like the film script of the video or the datamodel underlyingthe animation)is lost in the
processof video rendering,the mediatranslationhasto be preparedby storing alternativerepresentationsf
presentablelata.To a certaindegree this might be doneautomatically- but often with unsatisfactoryesults.
The exampleof an animationsequenceshowinga rotating brick illustratesthis point. Supposedhat we can
only displayoneframeof the video, picking a frameat randomwill only showa brick in spacenot the fact of
rotation.Whenpreparing sucha key frame manuallyallows to addarrowsor motion blur to indicaterotaion.
Since every medium has its own means of expression, the informatiodgoreouldhaveto prepareandstore
the video, the slide show, the image and the descriptivetext. To summarize,an alternative presentation
component for prepared media consistthefpresentation stage and its input, the presentable data

Take,ontheotherhand,anunpreparednediumlike scientificdata.Here,alterndive presentatiortomponents
can be any trailing part of the presentationpipeline Dependingon the current resourcesitudion, the
presentablelataare generatedrom the availablemore abstractdata(e.g.,a volume dataset). This approach
offersthe advantagef generatingalternativesautomatically- their preparatiorby the information provideris
not necessary.

We will now give two examplego illustratethe conceptof alternativepresentatiorcomponentgor unprepared
media. The first example is dravinom thefield of environmentatlatavisualizationin a geographicatontext.
It is a prototypeof a forestinformation systemwhich enablesthe userto pick an areaof the forestand get
variouspiecesof informationaboutthatarea.A hierarchicalstructureunderliesthe spatialorganizationof the



forest.At the highestlevel, the forestis divided into districts.A districtis further subdividedinto units, which
themselvesconsist of subareasAt the finest resolution,a subareacontainsa number of sections,whose
geographicatoordinatesarenot given. Figure 3 illustratesthe conceptof the visualizationon a fully-featured
workstation.The mapis displayedat full resolution,andby picking a subareahe usercanqueryinformation.
An two-dimensionatolor-codedcon is usedto representheinformation.A row of theicon is associateavith

a sectionof the pickedsubareaa columncorrespondso an actualvariable(like exploitationclass,production
targetandfrequencyof intervention),whosevaluein that sectionis representedby the color of the cell. Thus,
the user is enabled to relate the values of several variables and in different sections.

Community Born
Forest District 05
Prerow Il

Variables:

Values of "Production goal”:

Figure 3: Forest data visualization (workstation)

On a mobile dataterminalwith a small screena different approachmustbe takenbecausét’s impossibleto
displaythe mapat full resolution.A straightforwardconceptwould be the introductionof a zoomingfacility.
This would, however, lead to a loss of context. Thus, we reduce the display and pick resolutionagf(trdy
the units of the district are shownand pickable)and usea modified icon asit canbe seenin figure 4. The
columnsof the icon now correspondo the subarea®f the picked unit and the rows are associatedvith the
sections of the according subarea. Since we use the two dimensiongohttterepresenspatialcontext,only
onevariableat a time canbe representedby the cell color. If the userwantsto look at multiple variables,he
would have to do so one after the other and relate them mentally
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with left mnouse
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vertical: section
of subarea

Figure 4: Forest data visualization (mobile computer)

right mouse button.

Figure 5: Fish data visualization: color coded height map




As a second example, we illustrate different opportunities to visumtizeof volumedata.The datasetusedto

produce the figures 5 to 7 represents the fish population in differentldeplkhof the Bautzenwaterreservoir.
Thefiguresshowalternativevisualizationsof the densityof the fish populationin onedepthlayer. On an end
systemwhich supports3D interactivegraphics(like the systemIRIS-Exploref]), one can usea color-coded
height map (see figure 5) to visualize the data. This technique visually supports the localfzate@sof high

populationdensity, the identification of the actual populationdensityin one areaand the comparisonof the
population density in different areas.

Figure 6: Fish data visualization: color coded flat map

Using an end systemwhich supportscolor but no 3D graphics,a color-codedflat map (seefigure 6) is the

choice.Here,localizationandidentification of high populationdensityare easyfor the userjust by looking at

the colors, but the quantitativecomparisonof the populationdensityin different areascan only be basedon

estimatedecausef the humannon-linearperceptionof color. For a precisecomparisona differenttechnique
like a diagram or numerical display of picked values would have to be used.

Figure 7: Fish data visualization: contour lines

On a monochrome display, one could still visualize the data set using contour lines (se® figigasof high
population density can still be easily localized. Howeveratitgalpopulationdensityof an areaof interestcan



only be estimatedby consideringcontourline annotationsor by countingthe contourlines betweenthat area
and the area of lowest density. The same is true for a comparison of the population density in different areas.

The examplesgiven aboveillustrate the possibility to supporta user’s goals using different visualization
techniquedailoredto different resourcesituations.On resource-pooend systemsthe techniquegendto get
simpler, thus shifting the user’s cognitive tasks from visual perception to conscious interpretation.

In the following sectionwe will presentan approacho solvethe problemof finding (or selecting)an adequate
information presentationtecmique considering the available resources.However, when dealing with
information presentatioron a mobile systema secondoroblemarises that of realizing the presentatioron the
mobile computer considering the resourcaatyics. Here further research has to be done.

3.3 Selection of an alternative visualization technique

Thereareseveralapproacheso anautomaticor semi-automatigeneratiorof visualizationsfrom a description
of the applicationproblem. Most of them (as discussedn depthin [ARN94]) were developedin order to
support the user in finding an appropriate, or ideally the best way to visualize his data.

Theseapproachestartfrom different aspectof the visualizationproblem,e.g.from a descriptionof the data
setto bevisualized,or from a specificationof the analysistaskto be performed.Moreover,they differ in the
degree up to which they consider the various factors influencing the visualization decision:

« data characteristics,

« interpretation goals of the data analyst,

e perceptual capabilities of the observer,

« expressiveness, effectiveness and gmpgiteness of the generatevisualization,
« preferences and conventions of the underlying application,

« characteristics of the hardware and software used.

Dealing with mobile visualization, further influencing factors have to be considered:
< the resources available to generate the visualization,
e time and quality requirements of the observer.

To choosean appropriatevisualizationtechniqueconsideringall of theseaspectsit is necessaryo balancethe
cost and the benefitof the visualizationto be generatedThe benefit of a techniquerepresentghe relation
betweerits capabilitiesandtherequirementst is faced(by the application,the user,the dataetc.). The costof
a techniqueexpresseshe relation betweenits demandgo the mobile environmentand the capabilitiesof this
environment.

However,estimatingthe costof a techniquecannot be reducedo the consideratiorof the requirement®of the
puretechnique Analyzing only the datacharacteristicén orderto determinethe benefitof a techniqueis not
sufficient, either. Contrarily, both the cost and lemefitdependon dataaswell ason resourcecharacteristics.
Take for example a color coded map of some geographical data. This techmigiemiillywell suitedfor the
localizationand comparisornof the color codeddatavalues.But evenfor a well-sizedmap on a workstations
screemnecanimaginea smallerscreenwhich is unableto displayit. Thus,the suitability of a techniquefor a
given visualization problem is resourcedependentOn the other hand, the resourcedemandsof e.g. the
technique,isosurface“dependessentiallyon the size of the volumedatasetto be visualized.That meansthe
resource demands of a visualization technique are data dependent.

Looking at the datacharacteristicsvith respecto their implicationsfor the readabilityof the resultingimage,
onehasto considertheir potentialinterrelations As an example takethe visualizationof somemeasurediata
by the meansof icons. The numberof iconsis determinedby the numberof measurementshe complexity of
anicon depend®n the numberof variablesmeasuredT he spacerequiredby the visualrepresentation and so
its readability- hingeson both the numberand the complexity of the icons. However, decreasinghe first
allows up to a certain degree to increase the latter, and vice versa.

Ontheotherhand,thereareinterrelationsbetweernresourcestoo. A reducedcolor depthcanbe balancedoy a
high screenresolutionusingan appropriatedither algorithm, reducedmemorycapacitymay be offset by high
processing power utilizing adequate data structures.

So we need a technique selection mechanism which is able to consider all the charagfeeistit®veandto
handle the interrelations between them.



In [LAN95] we developeda functional approachto the selectionproblemfor multi-dimensionaldatasets.lt

startsfrom a descriptionof the visualizationproblemgiven by the datacharacteristicand the interpretation
goalsof the userand sufficiently handlesthe interrelationsbetweendifferent data characteristicsintegrating
resourcecharacteristicinto this approachallows not only to incorporatethe resourcanterrelations put alsoto

coverdatadependentesourcademandsf a techniqueaswell asits resourcedependensuitability for a given

problem. Further characteristicscan be included. Especially user characteristicslike quality and time

requirements have to be considered.

In the rest of this section we formally describe the extended functional approach.
Let be:

DC set of dataharacteristics,

RC  set of resource characteristics,

UC  set of user characteristics,

P(Set) set of all subsets &et,

ordered set of interpretation goals,

n number of interpretation goals in

T ordered set of visualization techniques,
m number of techniques ihand

S ordered set of suitability values.

Then, we can define for eachtechniquei O T and for eachinterpretationgoal j O | a function f; which
determineghe suitability of the techniquei for the goalj underconsideratiorof the characteristicgiven by
DC, RCandUC. This suitability is represented by a suitability value:

fij: P(UC)x P(RC)xP(DC) - S

We areusingthe setof all subsetsincethereis usually morethan one elementin eachsetof characteristics
which influences the suitability for a given péirj) and since it does not necessarily have to be the whole set.
To determinethe suitability of a giventechniquei O T for eachof the n interpretationgoalsin | we derivea
functiong; which produces a vector ofsuitability values:

O I"x P(UC)x P(RC)x P(DC) - S

Thus, a mechanism which determines the suitability of each ofithehniques i for each of then goalsin |
can be represented by a functioproducing anlfi-matrix of suitability values:

h: T"x |"x P(UC)x P(RC)x P(DC) - S™

Let W be a setof weights.The usercan specify his interpretationgoalsby weighting eachof the n goalsin 1,
which results in a vector ofweights:

W " - W

Having oncespecifiedthe capabilitiesof the m techniquesn T andthe weightsof the n goalsin | by applying
the functionsh andw respectively, we can relate them and determine the degree of their conformity.

So, letD be a set of distance values. Then, we can definedcion d which producesa vectorof m valueseach
of which represents the distance between the associated technique’s capabilities and the user’s goals:

d: SxW' - D"

The resultingvector of distancesanserveasa criterionto orderthe techniquesaccordingto their suitability
for the given visualizationproblem. However,to decidewhetheror not a techniquehasto be regardedas
suitable,its distancehasto be comparedto a certainuserdefinedthresholdH. Doing so for eachof the m
techniques il leads to a functios which determines a vector mfBoolean values:

s: D"xH - {0,1}"

When applying the functional approach in practice several problems arise:
First, the suitability functionf; may be very complex because of the quantity of their parameétesefore we
suggest to hive off such parameters which induce simple feasibility decisions and handle them in a preprocess.
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Let TR be the set of minimal resourcedemandsof the techniquesTo checkthe feasibility of eachof the m
techniquesin T we define a function r which compareshe techniqgues’demandso the capabilitiesof the
mobile environmentrepresentedby its resourcecharacteristicsThis resultsin a vector of m Booleanvalues
each of which indicates whether or not the associated technique is feasible in the given environment:

r: (P(TR)J"x P(RC) - {0,1}"

Applying this feasibility checkwill usuallyreducethe parametesetof the suitability functionsf;, g andh, but
not necessarilyoy all of the parameter®f r, sincer considersonly the minimal resourcedemandsHowever,
evenif a parameteis handledby boththe preprocesandthe suitability functions,the numberof operationgo
be performed by the latter on this parameter may decrease.

Reducingthe complexity of the suitability functionsis importantto the solution of a secondproblemwhich
arisesin practice:to getall the needednformation. The main difficulty is to designthe suitability functionsf;
per techniqueand goal. At the moment,this is doneheuristicallyby the developerof the techniqueor by a
visualizationexpertand then evaluatede.g. by interviews. The remainingpart of the selectionmechanism
worksindependenthof the numberof techniquesandthushasto be providedonly onceevenif techniquesre
added.

At runtime, the characteristicoof the data, the user and the resourcesheing parametersof the suitability
functions have to be availableto the selectionprocess.Severalsourcesof information are possible.Data
characteristics can lerivedfrom the metadatastoredwith the data,usercharacteristiceanbedrawnfrom a
userprofile, andresourcecharacteristiceanbe requestedrom configurationfiles or monitoring programsetc.
The user should be given the opportunity to interactively complete the descriptions. Especially, the
interpretationgoals should be specified interactively. The description of a technique’sminimal resource
demandswhich is neededby the feasibility checkmay be generatedy the developerfilling in a predefined
form, or automatically by using thresource characteristics of the machine it was originally supplie#itpre
8 outlines the selection mechaniamd the origins of its parameters.

Suitable
techniques

Resource RC Selection Il w Interpreta-
description ' h,d, s | tion goals
RC H,uUC
o User
bo profile
Technique | TR Feasibility
description r

D ata

T S
description

Available
techniques

Figure 8: The selection mechanism and its parameters

A problemfinally to be mentionedis that the functional approachwe introduceddoesnot considerdynamic
aspect®f e.g.resourcecharacteristicdt usesa snapshobf the system’sstateto makeits decisionsputit does
not adapt them afterwards.

4 Conclusions

This paperdealtwith alternativedor theinformationpresntationin the mobile context.We identified limited
resourcego be the key problemof mobile visualizationand introducedthe conceptof alternativepresentation
componentsvhich allows the presentatiorof the samepiece of information using different techniquesde-
pending on the current resource situation.

We presented a criterion for distinguishing betweediawith respecto their preparatiorfor the presetation
of informationandextendedhe classicvisualizationpipelineto accommaatethe needsof mobile information
preentation.Someexamplegakenfrom the fields of multimediadocumentpresentatiorandthe visualization



of environmentatlatawereusedto illustratethe ideaof alternativepresentatiocomponentgor both prepared
and unprepared media.

To solvethe problemof finding an appropriatenformation presentatiortechniquewe presenteda functional
approachwhich considersot only the applicationspecificvisualizationproblembut also the resourceseing
availablein the mobile environmentas well as the resourcedemandsof the desiredvisualization.A formal
description of the approach was given and some problems arising in practice were discussed.

Futurework will focuson the investigationof further alternativetechniquesthe implications of cooperative
visualizationandthe potentialof the Internet(especiallythe WWW) to supportmobile accesgo visualization
systems.
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