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ABSTRACT

We present visualizationsystemallowing non-programmert visualize,explore,andanalyzeunknown
multivariatedataby designinganappropriateglyphrepresentatiowith minimaluserinteraction.Nonethe-
less,our systemis powerful enoughto allow the userto generatea greatvariety of glyphs. Our tool is
implementedasa setof moduleswith graphicaluserinterfacesfor the IRIS Explorerusingstandardiata
types.Thereforejt is oneof thefew visualizationsystemsnabelinghon-programmen® definealmostar-
bitrarily complex glyphs,to generatemary views of the samedatasetwith minimal effort, andto integrate
theseviews into existing applicationdbasedon the IRIS Exploret Our experiencewith anapplicationof

thistool in theautomotve industryarebriefly reported.
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1 INTRODUCTION

In this reportwe describeour approachto visualize
the resultsof computersimulationscalculatedin a
cardevelopmenprojectof theBMW Group,Munich,
Germayy. In particular we shav how computervisu-
alizationcan help non-programmerto explore, ana-
lyze, and understandhe assembledesultsof mary
simluationruns. Visualizingsuchdatasetsis a chal-
lengingtaskaseachrun of a simulationmapsseveral
input variablesto a numberof outputvariableschar
acterizingthe simulations result. By combiningthe
input and outputvariablesto one abstractdatapoint
representingnerun of thesimulationwe achieve the
structureof multivariatedata. Therefore we areable
to employ oneof thewell exploredvisualizationtech-
niquesfor multivariatedata,i.e. glyphs,whichwill be
introducedin Section2. Section3 will discussre-
guirementsof a highly interactive visualizationsys-
tem allowing the userto explore and quantitatvely
analyzemultivariate data. It also sketchesour ap-
proacheso fulfill theserequirementsln Sectiond we
will describehe modularimplementatiorof our sys-
tem within the IRIS Explorer modularvisualization
ervironment[4]. Section5 will shav anapplication
of our system.

2 MULTIVARIATE DATA AND GLYPHS

Multivariatedataconsistof a setof datapoints,each
of whichis definedby a vectorof a fixed numberof
values.Thisdataset(or datatable)canberepresented
by a matrix: Eachrow representsa datapoint and
eachcolumnavariable.Onepopularway of visualiz-
ing multivariatedatawith morethana few (about4)
variableds to represeneachdatapointby aglyph. A
glyphis a graphicalobjectconsistingof oneor more
componentsthe attributesof which (position, orien-
tation, size, shape color, transpareny, etc.) arede-
terminedby onedatapoint. Exampleof glyphsfrom
the literatureinclude spheresarrows, weatheranes,
(stacksof) boxes,bugs,facesgtc.

The perceptuatiominanceof the placemenbf glyphs
is well known in informationvisualization;therefore,
the placemenstratay is oneof thefirst decisionsn
mostvisualizationsystemq1, page26]. We decided
to employ adirectdata-drvenplacementasthisstrat-
egy allows the userto quantitatvely analyzeup to
3 variablesif usedin combinationwith labeled,or-
thogonalaxes. Similarily, all otherattributesof the
glyphs are either constantor specifiedby appropri-
atelyscaleddatavariables.



3 INTERACTIVE EXPLORATION

As mentioned visualizing multivariate data with
glyphsrequiresthe specificationof the glyphs’ geo-
metricandappearancattributesincludingthedepen-
dencewn the data. However, for mary datasetsthe
bestway to maptheincomingmultivariatedatato the
attributesof the glyphsis unknown. For scientificvi-
sualizationthereis often a cleardistinction between
spatialandnon-spatialariables.Applicationsof in-
formationvisualization however, lackthis distinction
andthereforeforce the userto find a suitablerepre-
sentationwithout guidance. In generalthe situation
is evenworseasa single bestmappingusually does
not exist but several differentviews of the samedata
setarenecessarjo revealdifferentaspect®f thedata
set.

Thus, the possibility to testandinteractively switch
between different geometric and appearanceat-
tributesof glyphswithoutexplicit programmings of-
tencrucialin orderto producean appropriatevisual-
izationandevenmorein orderto explorean unkown
datasetby generatingnultiple views of it. However,
mostvisualizatiortoolswhichemploy glyphsarespe-
cializedononeparticularkind of glyphrepresentation
anddo not allow the userto interactiely changehis
representation.Although modularvisualizationen-
vironmentse.g.IRIS Explorer[4], offer a variety of
standardylyphmodulesthey fail to offer asystematic
andinteractive way to specifytheattributesof glyphs
withoutadditionalprogramming.

There are only a few systems allowing non-
programmerdo customizethe definition of glyphs,
for exampleGlyphmaler[2] andthe Virtual DataVi-
sualizer[3]. However, eventhesesystemdack some
featureswhich are requiredfor a highly interactive
exploration of data. Therefore,our primary goal is
to providetoolsenablingnon-programmer® specify
all attributesof glyphsinteractvely with a minimum
of userinteraction.

In particular we wantto minimize the amountof in-
teractionnecessaryn orderto performthe following
tasks: Switching to anotherdata set with different
variablesdifferentnumberof datapoints,and/orun-
relateddatarangesmappingary variableto a partic-
ular (previously defined)attribute of the glyphs;and
filtering datapointswith respecto the value of par
ticularvariables.

Moreover, we are interestedin the programmerless
definitionof complex, compositeglyphswith thehelp
of a graphicaluserinterface. However, the defini-
tion of the glyphsandtheir attributesis only onepart
of the visualizationprocess;thus, we also address
several requirementf interactve dataexploration,
which arenot or only partly fulfilled in the standard

visualizationtool kits. Nonethelessye implemented
our approacton top of the IRIS Explorerin orderto

usethe provided standardsolutionswheneer appro-
priate.

3.1 Importing Data Sets

Following the dataflav approachtusedin modularvi-

sualizationervironmentsthe first stepof the visual-
ization pipelineis to import a dataset. In orderto
ensurethe seamlessntegration of our system,it is
ableto handlethe standarddatatypesof the under

lying visualizationervironment. However, we also
provide the possibility to import datafiles in a plain
ASCII format containingrows of numbersandchar

acterstringsseparatedthy white spacesAdditionally,

an optionalline of labelsfor the datacolumnsmay
be included. The numberof points, variables,data
rangesetc. areall extractedautomaticallyfrom this
file.

Subsequentlyeachdatarow is corvertedto a data
point which will be mappedo a glyph. We empha-
size that there shouldbe no distinction betweenco-
ordinatesanddatain this stepasno attributesof the
glyphsshouldbedefinedhere.

3.2 Choosing Sets of Data Points

In orderto explore a multivariatedataset, it is often
necessaryo choosea subsetwf all datapoints. This
is achievedin our systemby imposingrestrictionson
variables.Datapointswhich do not satisfyall of the
conditionsare droppedand, therefore,are not pro-
cessedn the remainingvisualizationpipeline. Each
restrictionis specifiedby the variableit is placedon
andanalloweddatarange.We emphasizeéheimpor-
tanceof placingrestrictionson ary variableregard-
lessof its representatioby anattribute of the glyphs.
Restrictionsmayevenbeimposedon variablesvhich
arenotvisualizedatall.

3.3 Binding of Data Variables to Attributes of
Glyphs

The mappingof variablesof the datasetto attributes
of the glyphshasto be doneafter evaluatingary re-

strictions. The exact mappingof a variables values
to the valuesof an attribute of the glyphshasto be
specifiedndependentlpf therangeof incomingval-

ues,otherwisea changeof the bindingof theattribute
to anothervariableor a switch to a differentdataset
would requireto adjustthe mappingparametersThe
possibilityto useonesetof parameterfor mary data



setswithoutary adjustmentgreatlyimprovestheus-
ability of our approach.Thesebenefitsareachieved
by automaticallydeterminingthe rangeof incoming
valuesandby mappingthis rangeto a specifiednter-
val of attribute values. Thus,the userhasto specify
only oneinterval which doesnot dependbn the visu-
alizedvariables. For example,the specifiedinterval
for the scalingfactorsin Figure 1 is O to 1 asscal-
ing factorsare specifiedrelatively to the size of the
boundingboxin the correspondinglirection.
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Figurel: A scatterplousingbarglyphs.

3.4 Programmerless Composition of Glyphs

A large classof glyphscanbe constructedoy com-
posinggeometricobjectslike boxes, spherescones,
cylinders, text etc. andtransformingeachpart inde-
pendently For example a three-dimensionaérrow
maybedescribedisa cylinderwith anattachedaone.
In orderto form compoundylyphsatleastafixedlin-
eartransformatior{rotationandtranslationhasto be
specifiedfor eachpartof the glyph. Figure2 showns
anexampleof acompositeglyphfor thevisualization
of avectorfield.

After thisfixedtransformatioradditionaldatadepen-
denttransformationshould be appliedto eachob-
ject. In orderto avoid almostunpredictablegeome-
tries we allow only datadependenscalingand ori-
entation. The latter is a rotation which mapsthe z-
axisof aglyphto avectorspecifiecby threevariables.
Appearancattributes,e.g.color andtranspareny; of
eachpartof thecompositeglyph mayalsodependent
onspecifiedvariables.

Thepossibilityof composingylyphswithoutthe need
of any programmingallows the userto definea great
variety of glyph shapesncluding geometrieswhich

Figure2: An exampleof compositgglyphs.

aretraditionallynotcalledglyphs,for examplescatter
plots,arrow plots,andbarcharts.

4 MODULARIMPLEMENTATION

Almostall modulesof our systencorrespondo stan-
dard modules. Therefore,usersfamiliar with IRIS
Explorershouldbe ableto usethe basicfeaturesof
ary module of our systemand may concentrateon
the extensionsas soonasthey wantto usethe addi-
tional features.Additionally, our modulesare easily
integratednto existingapplicationdasedf IRIS Ex-
plorer.

Becauseof the modulararchitectureall partsof our
implementatiorcanbe arrangedn an almostunlim-
ited numberof ways. Furthermoreasour systemis
integratednto thelRIS Explorerervironmentwe can
easilysave andloada configurationof our systenfor
aparticularvisualization.

5 APPLICATION

Thefirst applicationof our systemis partof anongo-
ing cardevelopmenprojectof theBMW Group,Mu-
nich, Germaty. Figure3 shavsatypicalvisualization
of asetof simulationruns,eachbeingrepresentely
oneglyph. Unfortunately we may not describethe
simulationin detail until the productis announced.
But we maynotethatathoroughunderstandingf the
simulations resultsandtheir dependenciesn thein-
put parameterss crucialin this project.

In thescattemplot displayedn Figure3threevariables
characterizinghe resultof a simulationare mapped
to coordinates.Two discreteinput parameter®sf the
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Figure3: Typical glyphswith five attributes.

simulation are representedy the shape(cube, oc-
tahedron,or sphere)and color of the corresponding
glyphs.By visualizingonly a smallsubsebf all vari-
ablesdefinedn thedatasettheplotis keptsimpleand
comprehensible.

Clustersof glyphsare easily perceved andare used
to find simple modelsapproximatelydescribingthe

correlationsbetweenthe input and output variables
of the simulation.Moreover, datarangesof variables
are easily seenand setsof datapointsdistinguished
by certaininput parametersanbecomparediisually.

In additionto thesewell-known benefitsof datavisu-

alizationour systemis usedto generatemary views

of the samedatasetwith a few mouseclicks. Thus,

correlationshetweenary of the variablescanbe dis-

coveredby successiely mappingdifferentvariables
to theattributesof theglyphs. Thereforeall variables
areexploredandanalyzedwithout the needof repre-
sentingthemin onesinglepicture.

6 CONCLUSIONS

We are corvincedthat the interactive exploration of

unkown multivariatedatawith glyphsrequirespower-

ful new tools allowing usersto generatemary views

of the samedataandto switch to differentdatasets
with a minimum of userinteraction. Our implemen-
tationdemonstratelow to provide appropriatesolu-
tionsin a modulararchitecturevhich is very similar

to andcompatiblewith existing modulesfor the IRIS

Explorer In particular ourimplementatiorallowsthe
userto work with the original datawhenever appro-
priate,to handletextual data,andto imposerestric-
tionson ary of thedatavariables.
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