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Abstract: Three-dimensionalvisualizationfacilitateshumanperception,imagination,
andreasoningbasedon computer-representedknowledge. Sincehumanimagination
andreasoningis basedon 3D-shapes,the presentationandvalidationof knowledge
is most ef�ciently performedwith the aid of geometricshapes.Thus, we propose
the useof visualizationmethodsin knowledgemanagement,supportingqualitative
informationby quantitative datathatis simplerto explore.We supportour thesisby a
casestudymodelingtheontologyof a humanheart.This work connectstheareasof
humanknowledgeasphilosophicalontologyandknowledgemanagementasontology
in arti�cial intelligence.

1 Intr oduction

When Plato presentedhis allegory of the cave, he had in mind the perceptionof real-
ity by humanobservers. Knowledgemanagementconsidersa digital versionof reality,
necessarilyassumingthat “what exists” coincidesonly with “what canbe represented”
[1]. However, oftenhumanperceptiondoesnot matchwith thedigital knowledgerepre-
sentation.We proposetheuseof visualizationmethodsto improve computer-represented
knowledgeto reachhumanminds.

Figure1: Plato'sallegoryof thecaveappliedto knowledgemanagement.

A humanobserver who is trainedto perceive objectsby observingtheir shadows would
be reluctantto look at the real objects,so Platoargued. A reasonfor this might be that
realobjectsaretoodif®cult to handleandthattwo-dimensionalshadowsshowing only the
essentialcontoursareoptimal for ef®cient recognitionandassimilationby an observer.
Analogously, we canoptimizethe perceptionof computer-basedknowledgerepresenta-
tionsby transformingtheminto “shadows”. Three-dimensionalvisualizationmethodsare



mosteffective for this, sincehumanobserversarewell trainedto reasonin threedimen-
sions,see®gure1. Thus,visualizationis a“knowledgetechnique”comingcloseto human
reasoning.

Peircealreadyproposedto “make exactexperimentsuponuniform diagrams”asa means
of replacing“experimentsuponrealthingsthatoneperformsin chemicalandphysicalre-
search.” [7]. Consequently, visualization–if only viewedasageneralizationof diagrams–
allows to experimentwith knowledgeandelicit new andimplicit knowledge.

Experimentingwith entitiesin a three-dimensionalrepresentationcouldbetransferredto
the visual veri®cationof reasonableshapes,their intersectionsor connections,andtheir
spatialrelationsto eachother. This supportsour assumptionthat it is useful to perform
experimentsin theareasof knowledgemanagementandphilosophy with thehelpof inter-
active visualization.

Certainly, visualizationraisesnew issues,mainly becausethevisualizationmachineryre-
quiresto makecommitments.Thereis alsothepotentialof inconsistencies.Anotherissue
is that visualizedmodelsbypasscertainsensesof suspicionof humanviewers. Humans
simply tendto believe whatthey see.Validationof perceivedandrepresentedknowledge
is necessary.

Figure2: Perceptionof knowledgeusingvisualizationasman/machineinterface

On theotherhand,visualizationis very oftenanextremelyusefulinstrumentfor thever-
i®cationof theresultsof modelconstructions,like ontologies.For our case-studybelow,
we neededto modelthe humanheart,the resultof which is sometimeshardto evaluate
aslong asit is formally described.Having the modelvisualizedimmediatelyrevealsits
validity.

Visualizationsimpli®esandacceleratesthetransformationof digital datainto knowledge,
see®gure2. A majorchallengeis thevisualdisplayof quantitive information[6] widely
usedin knowledgemanagementsystemswith ontologicalstructures[5]. We proposethe
semi-automaticgenerationof three-dimensionalgeometricmodelsfrom qualitative and
quantitive data.Thenext sectionshortlydescribestherepresentationof knowledge.The
constructionof a 3D-modelis dealtwith in the third section. We supportthis approach
by acasestudyof avirtual echocardiography tutoringsystemin sectionfour, followedby



someconcludingremarks.

Figure3: Visualizationreversestheprocessof modelingknowledge.

2 Data, Inf ormation, and Knowledge

The most important task of knowledgemanagementis to allow a humanuser to gain
knowledgeandto draw conclusions.Visualizationtechniquesprovide theimportantinter-
facebetweenmanandmachinein this process.This holdsespeciallyfor thequeryingof
speci®cinformationout of a largedatasources.Presentingrequestedbits of information
to auserrequiresto constructa three-dimensionalgeometricmodel.Thegeometry, which
carriesthe information,canbe interactively exploredby the user, tunedto his cognitive
excellence.

In asense,wereversetheprocessof constructingmodelsfrom nature,constructing“shad-
ows” of naturefrom models,see®gure3. This hasanimpacton themodelingandrepre-
sentationof information,sincethedirectionof thisprocessmustbereversed.

In thefollowing, we usetheterm“knowledge”exclusively associatedwith humanintelli-
gence.A computersystemcanonly produceknowledgeby interactionwith humans.The
datastoredin suchasystem,intendedto spendknowledgeis called“information”.

Dataacquisitionis theprocessof gatheringinformation,digitizing it andstoringit in some
kind of database.Theremayexist many different,unstructureddatasegmentsoriginating
from differentsourcesassociatedwith differentapplications.In particular, we distinguish
betweendataof qualitative andquantitive type.

Qualitative datacanbe describedby a setof classesand instancesthereofwith certain
attributesandrelationships.Thelatteraredescribedby oneor multiplegraphsconnecting
theindividualnodes(classesor instances).

Quantitive datasetsmostlydescribemathematicalfunctionsmappinga domainD into a
rangeR. The simplesttype of qualitative datais a real or integer number. Continuous
functionscanonly berepresentedon a digital systemby usinga ®nite setof coef®cients
with associatedsmoothbasisfunctions,for examplepolynomials.

Whenqueryinginformationfrom a knowledgemanagementsystem,the®rst challengeis
to obtainthe“right” piecesof informationautomaticallyfrom a vastamountof data.Un-
structureddataoriginatingfrom differentsourcesneedsto be®lteredandcombinedinto a
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Figure4: Visualizationof left ventricle,atrium,andaortaof a humanheartbasedon a triangulated
surfacerepresentation(left). Theinterior canbeexploredby slicing throughthegeometry(right).

representationsatisfyingtherequirementsgivenby thequery. Thesecondchallengeis to
constructa mathematical(geometric)modelfor thevisualization.For this process,qual-
itative dataneedsto be transformedinto numericaldatarepresentingthree-dimensional
geometry. This is animportantstep,sincewe wantto transformtheresultsinto a human-
perceptibleform by castingthree-dimensional'shadows' of thecombineddata.

3 GeometricModeling and Visualization

The crucial part of the visualizationprocessis the automaticgenerationof geometryin
form of a mathematicalmodel. This model, taggedwith the correspondingtextual in-
formation,is thenexaminedby theuseremploying standardinteractionandvisualization
tools,likeslicing,see®gure4.

In many cases,the underlyingdatahasnot beenpreparedfor visualizationapplications
andqualitative informationneedsto bere-de®nedin mathematicalterms.For example,a
possibleontologyof a humanheartmay containthe primitives“left ventricle” and“left
atrium” with a qualitative “are connected”relationship.Even if we know that theatrium
is located“on top of” the ventricle,we needa lot more information for constructinga
mathematicalmodel. If we assumethat both primitivesareshapedlike ellipsoidswith
prescribedlocations,radii, andorientations,thenwe caneasilyderive a surfacerepresen-
tationfor bothprimitives. By intersectingbothellipsoidswe couldevenvalidatethat the
associatedprimitivesareconnected.

Therequirednumericalinformationthat is not presentin thedatamustbe“guessed”that
all qualitative relationshipsderived from it remainvalid. Additionally, the visualization
systemshouldbe transparentenoughthat the usercan easily recognizewhich partsof
themodelaresupportedby dataandwhich partsarebasedon default settings.In princi-
ple, it is possibleto derive numericaldatafrom qualitative constraints.For example,an
arrangementof objects(like organsin a humanbody) canbe estimatediteratively from
qualitative de®nitionslike spatialrelations,relative size,andcoarseshape.Suchanesti-



mateis notuniquein generalanddependsonacertain“residual” thatis minimizedby the
construction.

A differentapproachis to supplementthe given ontologyby numericalinformationthat
is attachedto the individual instances,see®gure5. This approachhasan enormousim-
pacton thedesignandimplementationof knowledgemanagementsystems,but it leadsto
moreprecisemathematicalmodels.An examplefor this approachis describedin thenext
section.

Figure5: Differentrelationsfor left ventricle.

4 CaseStudy: A Virtual Echocardiography System

Theobjective of thevirtual echocardiography systemis to provide a virtual examination
environmentfor usein education,medicaldocumentation,surgery planningandsimula-
tion. Joininginteractivevisualizationandarti®cial intelligence(AI) techniquesenablesus
to provide a powerful tutoring system. To satisfy the requirementsof sucha system,it
is ®rst necessaryto developa formal representationfor a healthy humanheartandfor an
echocardiography ®nding. By combiningthe heartrepresentationwith a particular®nd-
ing, we obtaina view of anindividualsheart.This combinationof informationis usedto
generateamathematicalmodelfor computeranimationof theindividualheartfocusingon
selectedparts.

Both formal representationshave beenimplementedusing the ontologyeditor Protege-
2000[4]. While the®ndingontologyis mostlya collectionof known ®ndingparameters,
the modelingof a heartontologyis muchmorecomplex. For this purpose,we usedthe
anatomicalstructureof the Digital Anatomist[2, 3]. In additionto the anatomicalhier-
archy, a varietyof differentrelationsbetweenthe individual entitiesneedto bespeci®ed



Figure6: Modelingtheontologyof ahumanheartusingProtege2000.

representingall geometricandfunctionalaspectsof theheart,see®gure6.

In theDigital Anatomistmodel,all geometricrelationsarerestrictedto qualitative infor-
mation. For example,the locationof adjacentorgansis de®nedby certainquadrantsor
octantsratherthanby coordinates.This informationhastheadvantageof generality, but
it is not preciseenoughfor constructinga geometricmodel. In our approach,theindivid-
ualanatomicalentities(representingfor example“Left Ventricle”, “Left Atrium”, “Mitral
Valve”, “DiaphragmaticSurfaceof Left Ventricle”, etc.) were coupledwith numerical
geometricdataconsistentwith thequantitative relations.

Thegeometricrepresentationitself is de®nedby anontologycontainingobjectsof differ-
entdimensionalityandtopology, see®gure7, aswell asspatialandfunctionalrelations.
Themathematicalmodelfor thevisualizationis now basedon thenumericalattachments
to theindividualanatomicalentities.

In our ®rst approach,we only usedqualitative informationfrom our systemto createthe
heartgeometry. In a secondstep,we useda magneticresonanceimage(MRI) of a hu-
manheartto approximatethe heartgeometry, see®gures8 and9. The new geometric
informationcertainlyexceedsthe knowledgethat canbe extractedform the quantitative
information.However, thequantitative knowledgeis moregeneral,sinceour geometryis
derivedonly from oneparticularheart.

Implementingbothqualitativeandnumericalrelationsleadsto a �e xible knowledgeman-



Figure7: Hierarchy of geometricobjectsthatcanbeattachedto thequalitative datafacilitatingthe
visualizationprocess.

agementsystem,capableof satisfyingarbitraryqueriesaboutany kind of informationre-
gardingtheassemblyof thehumanheart.Thevastamountof informationresultingfrom
thesequerieswould bedif®cult to overlookby a humanuser. Whencoupledwith interac-
tive visualizationandexplorationmethods,thecomplexity of thedatais muchsimplerto
perceive andmoreconvenientto handlefor ahumanuser.

A disadvantageof our approachis thegreatamountof work for datapreparationandrep-
resentation.Certainoperationson the data,like joining a heartontologywith a ®nding
ontologybecomemuchmorecomplex, sincebothqualitativeandnumericalrelationsneed
to beconsidered.On theotherhand,theneedfor constructinggeometricmodelsfor visu-
alizationhadasigni®cantimpactontheconceptionandimplementationof ourknowledge
managementsystem.We hopethata greatamountof thework usedfor constructingge-
ometryfrom qualitative relationscanbeautomatizedin thenearfuture.

5 Conclusions

We have motivatedtheneedfor visualizationtechniquesin knowledgemanagement,sim-
plifying the perceptionof informationby humanusersand allowing them to deal with
abstractknowledgein a naturalway. This offers not only the ability to experimentwith
andexamineknowledgeeasilybut alsopermitsto gain new knowledgeout of thevisual
presentationby reasoninge.g. on spatialrelations,andshapes.It will furthermoreallow
to connectthe areasof humanknowledge(asa philosophicalontology)andknowledge
management(asanAI ontology).Sinceit is necessaryto connecthumanintelligenceand
machineintelligence,we concludethat visualizationcanbe an importantpart of AI and
will becomeevenmoreimportantin thefuture.

We presentedthe designof a virtual echocardiography systemasa casestudypursuing



Figure8: Enhancedgeometricmodelby constructingsurfacesfrom MRI data.Four-chamberview
MRI (left) andgeometryfor left ventricle,left atrium,andaortaconstructedwith 3D StudioMax
(right).

Figure9: Exploringthemodelby rotatingandsplitting thegeometry. Anterior view (left), top view
(middle),lateralview with detachedsurfacecomponents(right).



a visualization-relatedontologicaldesign. A problemof future work is the automatic
generationof three-dimensionalgeometryform unstructured,qualitative datawithout the
needof manuallyattachingnumericaldatato certainentities. Anothervery interesting
questionconcernsthebestchoiceof metaphorsfor thevisualizationof knowledgecasting
“shadows” from themachineinto theuser'smind.
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