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Abstract: Three-dimensionalisualizationfacilitateshumanperceptionjmagination,
andreasoninghasedon computefrepresentetnowvledge. Sincehumanimagination
andreasonings basedon 3D-shapesthe presentatiorand validation of knowledge
is mostefciently performedwith the aid of geometricshapes. Thus, we propose
the useof visualizationmethodsin knowledge managementsupportingqualitative

informationby quantitatve datathatis simplerto explore. We supportour thesisby a

casestudymodelingthe ontologyof a humanheart. This work connectghe areasof

humanknowledgeasphilosophicabntologyandknowledgemanagemerdasontology
in arti cial intelligence.

1 Intr oduction

When Plato presentechis allegory of the cave, he hadin mind the perceptionof real-
ity by humanobsenrers. Knowledgemanagementonsidersa digital versionof reality;
necessarilyassuminghat “what exists” coincidesonly with “what canbe represented”
[1]. However, often humanperceptiondoesnot matchwith the digital knowledgerepre-
sentation.We proposehe useof visualizationmethodgo improve computesrepresented
knowledgeto reachhumanminds.
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Figurel: Plato’sallegory of the cave appliedto knovledgemanagement.

A humanobsenrer who is trainedto perceve objectsby observingtheir shadevs would
be reluctantto look at the real objects,so Platoargued. A reasonfor this might be that
realobjectsaretoo dif®cult to handleandthattwo-dimensionashadevs shaving only the
essentiakontoursare optimal for ef®cient recognitionand assimilationby an obsenrer.
Analogously we canoptimizethe perceptionof computerbasedknowledgerepresenta-
tionsby transformingtheminto “shadavs”. Three-dimensionalisualizationmethodsare



mosteffective for this, sincehumanobsenersarewell trainedto reasonin threedimen-
sions,see®gurel. Thus,visualizationis a“knowledgetechnique’comingcloseto human
reasoning.

Peircealreadyproposedo “make exactexperimentsuponuniform diagrams”asa means
of replacing‘experimentaiponrealthingsthatoneperformsin chemicalandphysicalre-
search. [7]. Consequentlyisualization-if only viewedasa generalizatiorof diagrams—
allows to experimentwith knowledgeandelicit new andimplicit knowledge.

Experimentingwith entitiesin a three-dimensionalepresentatiocould be transferredo
the visual veri®cationof reasonablehapestheir intersectionsr connectionsandtheir
spatialrelationsto eachother This supportsour assumptiorthatit is usefulto perform
experimentsn theareasof knowledgemanagemerdandphilosoply with thehelpof inter-
active visualization.

Certainly visualizationraisesnew issuesmainly becauséhe visualizationmachineryre-
guiresto make commitmentsThereis alsothe potentialof inconsistenciesAnotherissue
is that visualizedmodelsbypasscertainsense®f suspicionof humanviewers. Humans
simply tendto believe whatthey see.Validationof perceved andrepresente@tnowledge
is necessary
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Figure2: Perceptiorof knowledgeusingvisualizationasman/machinénterface

Ontheotherhand,visualizationis very oftenan extremelyusefulinstrumentfor the ver

i®cation of theresultsof modelconstructionslik e ontologies.For our case-studyelaw,
we neededo modelthe humanheart,the resultof which is sometimesardto evaluate
aslong asit is formally described.Having the modelvisualizedimmediatelyrevealsits

validity.

Visualizationsimpli®esandacceleratethe transformatiorof digital datainto knowledge,
see®gure2. A majorchallengds the visualdisplayof quantitive information[6] widely
usedin knowledgemanagemergystemswith ontologicalstructure45]. We proposethe
semi-automatigenerationof three-dimensionagjeometricmodelsfrom qualitative and
guantitve data. The next sectionshortly describeghe representationf knowledge. The
constructionof a 3D-modelis dealtwith in the third section. We supportthis approach
by a casestudyof avirtual echocardiographtutoring systemin sectionfour, followed by



someconcludingremarks.
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Figure3: Visualizationreverseghe procesof modelingknowledge.

2 Data, Information, and Knowledge

The mostimportanttask of knowvledge managemenis to allow a humanuserto gain
knowledgeandto drav conclusionsVisualizationtechniquegprovide theimportantinter-
facebetweermanandmachinein this process.This holdsespeciallyfor the queryingof
speci®cinformationout of a large datasources.Presentingequestedits of information
to auserrequirego construciathree-dimensionaleometriomodel. Thegeometrywhich
carriesthe information, canbe interactizely explored by the user tunedto his cognitive
excellence.

In asensewe reversethe proces®f constructingnodelsfrom nature constructing'shad-
ows” of naturefrom models,see®gure3. This hasanimpacton the modelingandrepre-
sentatiorof information,sincethedirectionof this processnustbereversed.

In thefollowing, we usetheterm“knowledge” exclusively associatedvith humanintelli-
gence.A computersystemcanonly produceknowledgeby interactionwith humans.The
datastoredin sucha systemjntendedo spendknowledgeis called“information”.

Dataacquisitionis the proces®f gatheringinformation,digitizing it andstoringit in some
kind of database.Theremayexist mary different,unstructurediatasegmentsoriginating
from differentsourcesassociatedavith differentapplications.In particular we distinguish
betweerdataof qualitatve andquantitive type.

Qualitative datacanbe describedby a setof classesand instanceghereofwith certain
attributesandrelationshipsThelatteraredescribedy oneor multiple graphsconnecting
theindividual nodeg(classe®r instances).

Quantitve datasetsmostly describemathematicafunctionsmappinga domainD into a
rangeR. The simplesttype of qualitatve datais a real or integer number Continuous
functionscanonly berepresentedn a digital systemby usinga ®nite setof coefdcients
with associate@moothbasisfunctions,for examplepolynomials.

Whenqueryinginformationfrom a knowledgemanagemergystem the ®rst challengds
to obtainthe“right” piecesof informationautomaticallyfrom a vastamountof data.Un-
structureddataoriginatingfrom differentsourcesreeddo be®lteredandcombinednto a
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Figure4: Visualizationof left ventricle,atrium,andaortaof a humanheartbasedon a triangulated
surfacerepresentatiofleft). Theinterior canbe exploredby slicing throughthe geometry(right).

representatiosatisfyingthe requirementgjiven by the query The seconcchallengds to
constructa mathematica(geometric)modelfor the visualization. For this processgqual-
itative dataneedsto be transformednto numericaldatarepresentinghree-dimensional
geometry Thisis animportantstep,sincewe wantto transformthe resultsinto a human-
perceptibléorm by castingthree-dimensiondshadavs' of thecombineddata.

3 Geometric Modeling and Visualization

The crucial part of the visualizationprocesss the automaticgeneratiornof geometryin

form of a mathematicamodel. This model, taggedwith the correspondingextual in-

formation,is thenexaminedby the useremploying standardnteractionandvisualization
tools, likeslicing, see®gure4.

In mary casesthe underlyingdatahasnot beenpreparedor visualizationapplications
andqualitatve informationneedgo bere-de®nedn mathematicaterms. For example,a
possibleontology of a humanheartmay containthe primitives“left ventricle” and"“left
atrium” with a qualitative “are connected’relationship.Evenif we know thatthe atrium
is located“on top of” the ventricle, we needa lot moreinformationfor constructinga
mathematicamodel. If we assumethat both primitives are shapedike ellipsoidswith
prescribedocations radii, andorientationsthenwe caneasilyderive a surfacerepresen-
tationfor both primitives. By intersectingooth ellipsoidswe could evenvalidatethatthe
associategrimitivesareconnected.

Therequirednumericalinformationthatis not presenin the datamustbe “guessed’that
all qualitative relationshipsderived from it remainvalid. Additionally, the visualization
systemshouldbe transparenenoughthat the user can easily recognizewhich parts of
the modelaresupportedoy dataandwhich partsarebasedon default settings.In princi-
ple, it is possibleto derive numericaldatafrom qualitatve constraints.For example,an
arrangemenbf objects(like organsin a humanbody) canbe estimatedteratively from
gualitatve de®nitionslik e spatialrelations,relative size,and coarseshape.Suchan esti-



mateis notuniquein generabnddepend®n a certain“residual” thatis minimizedby the
construction.

A differentapproachs to supplementhe given ontology by numericalinformationthat
is attachedo theindividual instancessee®gure5. This approacthasan enormousm-
pacton the designandimplementatiorof knowledgemanagemergystemsbut it leadsto
moreprecisemathematicainodels.An examplefor this approachs describedn the next

section.
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Figure5: Differentrelationsfor left ventricle.

4 CaseStudy: A Virtual Echocardiography System

The objective of the virtual echocardiographsystemis to provide a virtual examination
ervironmentfor usein educationmedicaldocumentationsugery planningand simula-
tion. Joininginteractize visualizationandarti®cial intelligence(Al) technique®nablesis
to provide a powerful tutoring system. To satisfy the requirementof sucha system,it
is ®rst necessaryo develop aformal representatiofor a healtly humanheartandfor an
echocardiograph®nding. By combiningthe heartrepresentatiomvith a particular®nd-
ing, we obtaina view of anindividualsheart. This combinationof informationis usedto
generat@amathematicamodelfor computeranimationof theindividual heartfocusingon
selectedarts.

Both formal representationkave beenimplementedusing the ontology editor Proteye-
2000[4]. While the ®nding ontologyis mostly a collectionof knowvn ®nding parameters,
the modelingof a heartontologyis muchmorecomple. For this purposewe usedthe
anatomicalstructureof the Digital Anatomist[2, 3]. In additionto the anatomicahier-
archy, avariety of differentrelationsbetweertheindividual entitiesneedto be speci®ed
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Figure6: Modelingtheontologyof a humanheartusingProtege 2000.

representingll geometricandfunctionalaspect®f the heart,see®gure6.

In the Digital Anatomistmodel,all geometricrelationsarerestrictedto qualitative infor-
mation. For example,the location of adjacentorgansis de®nedby certainquadrantsor
octantsratherthanby coordinates.This informationhasthe advantageof generality but
it is not preciseenoughfor constructinga geometriomodel. In our approachtheindivid-
ual anatomicakntities(representindgor example“Left Ventricle”, “Left Atrium”, “Mitral
Valve”, “DiaphragmaticSurfaceof Left Ventricle”, etc.) were coupledwith numerical
geometriadataconsistentvith the quantitatve relations.

Thegeometricrepresentatioftself is de®nedby an ontologycontainingobjectsof differ-
entdimensionalityandtopology see®gure7, aswell asspatialandfunctionalrelations.
The mathematicaimodelfor the visualizationis now basedon the numericalattachments
to theindividual anatomicakntities.

In our ®rst approachwe only usedqualitative informationfrom our systemto createthe
heartgeometry In a secondstep,we useda magneticresonancémage (MRI) of a hu-
man heartto approximatethe heartgeometry see®gures8 and9. The new geometric
information certainly exceedsthe knowledgethat canbe extractedform the quantitatve
information. However, the quantitatve knowledgeis moregeneral sinceour geometryis
derivedonly from oneparticularheart.

Implementingboth qualitative andnumericalrelationsleadsto a e xible knowledgeman-
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Figure7: Hierarcly of geometricobjectsthatcanbe attachedo the qualitative datafacilitatingthe
visualizationprocess.

agemensystem capableof satisfyingarbitraryqueriesaboutary kind of informationre-
gardingthe assemblyof the humanheart. The vastamountof informationresultingfrom
thesequerieswould be dif®cult to overlookby a humanuser Whencoupledwith interac-
tive visualizationandexplorationmethodsthe compleity of the datais muchsimplerto
perceve andmoreconvenientto handlefor ahumanuser

A disadwantageof our approactis the greatamountof work for datapreparatiorandrep-

resentation.Certainoperationson the data, like joining a heartontology with a ®nding
ontologybecomanuchmorecomple, sincebothqualitatve andnumericakelationsneed
to beconsideredOn theotherhand,the needfor constructinggeometriomodelsfor visu-

alizationhada signi®cantimpactonthe conceptiorandimplementatiorof ourknowledge
managemengystem.We hopethata greatamountof the work usedfor constructingge-

ometryfrom qualitative relationscanbe automatizedn the nearfuture.

5 Conclusions

We have motivatedthe needfor visualizationtechniquesn knowledgemanagemensim-
plifying the perceptionof information by humanusersand allowing themto deal with
abstrackknowledgein a naturalway. This offers not only the ability to experimentwith
andexamineknowledgeeasily but alsopermitsto gain nev knowledgeout of the visual
presentatiorby reasoninge.g. on spatialrelations,andshapeslt will furthermoreallow
to connectthe areasof humanknowledge (asa philosophicalontology) and knowledge
managementasanAl ontology). Sinceit is necessaryo connecthumanintelligenceand
machineintelligence,we concludethat visualizationcanbe animportantpart of Al and
will becomeavenmoreimportantin thefuture.

We presentedhe designof a virtual echocardiographsystemas a casestudy pursuing



Figure8: Enhancedyeometricmodelby constructingsurfacesfrom MRI data. Four-chambewiew
MRI (left) andgeometryfor left ventricle,left atrium, andaortaconstructedvith 3D Studio Max

(right).

Figure9: Exploringthe modelby rotatingandsplitting the geometry Anterior view (left), top view
(middle),lateralview with detachedurfacecomponentgright).



a visualization-relatedntologicaldesign. A problem of future work is the automatic
generatiorof three-dimensionajeometryform unstructuredgualitative datawithout the
needof manuallyattachingnumericaldatato certainentities. Anothervery interesting
guestionconcernghe bestchoiceof metaphorgor the visualizationof knowvledgecasting
“shadavs” from the machineinto the users mind.
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