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Chapter 1. Introduction

This documents therequirementspecificatiorfor thevisualisationmodule(VM)
of the SimBio project[SimBio00]. The purposeof this moduleis, asits name
suggeststo visualisetheresultsfrom otherSimBio modulese.g.stresdieldsfrom
bio-mechanicasimulationsor sourcelocalisationandinfluencefrom bio-electrical
simulations.

The purposeof this documents to specifytheintendedfunctionality of the VM and
how this functionalitywill be availableto auserthrougha graphicaluserinterface.

1.1. The SimBio Project

Thecentralobjectve of the SimBio projectis theimprovementof clinical and
medicalpracticedy the useof numericalsimulationfor bio-medicalproblems.The
projectbuilds on significantexpertiseandprior developmentgor specific
applicationgo constructa genericervironment,runningon parallelanddistributed
computingsystemsgcapableof handlinga rangeof importantproblemsrelevantto
thetargetcommunityof clinical andmedicalserviceproviders.This innovative
developmenis anenablingtechnologyfor advancedclinical practiceandhealth
careleadingto improvementsn: non-invasie prognosisanddiagnosis,
pre-operatie planning,designandimplantationof prostheseandpostoperatie
verificationandevaluationof treatmensuccessThe applicationevaluationsn the
projectwill demonstrat¢he effectivenesf the SimBio ervironmentandthus
acceleratehetake-upof thisIT technologywithin themedicalarea.

1.2. The Visualisation Module

The simulationof bio-medicaldataoftenrequiresadvancedvisualisationtools,
capableof particularlyaccurateor high resolutionvisualisation.The SimBio VM
will bedesignedo meetsuchrequirementlt shouldbe ableto visualisesimulation
resultswith fastchangeof viewing parameterdt will allow thevisualisationof
conductvity anddiffusiontensorsaswell asvectorfieldsandiso-linesinterpolated
in forceandelectro-magnetipotentialfields. Change®f time-dependentariables
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arevisualisedwith high updaterates.Therenderenginewill take advantageof the
underlyinghardwarearchitecturegspeciallyof a parallelprocessingrnvironment
and/orspecialpurposegraphicaldisplayboards.

Exportfilters to standardanimationandgraphicformatswill beimplementedto
malke dataavailableto the cosmopolitarmedical,clinical andengineering
communitiedor presentationpublicationandfurtherinvestigatiorwith external
softwaretools.



Chapter 2. Requirements

This chapterdescribesherequirementso be metby the SimBio VM. The
following, mainsectionof the chapterdescribeshefunctionalrequirements.
Non-functionalrequirements—usenterfaceandperformancessues—are
discussedn the shorterfinal section.

2.1. Functional Requirements

2.1.1.

Thefollowing sectiongdescribethekinds of dataobjectsthatarerecognisedy the
VM andhow they canbevisualisedcoveringthe key functionalityof theVM. The
chapterendswith a shortsectionon non-functionakequirementsgoveringuser
interfaceandperformance.

Data Objects

All thedatasetsoccurringin the SimBio ervironmentaredefinedover somefinite
grid in a3D EuclideanspaceTherearetwo basicrepresentationfor the datasets:
imageg(voxel volumes)andgeometricamodels(graphs) For imagedatasets the
grid is regularandrectangularandthelocationof the nodess only implicitly
defined.For geometricablatasetsthegrid is normally not regularandhencenode
positionsmustbe explicitly defined.

For imagedatasets thenodesalwaysrepresenvolumeelementsThus,thereis an
implicit secondgrid, in which the nodesarethe points(vertices)thatdefinesthe
cornersof thevolumeelementsFor geometricadatasets bothgridsmustbe made
explicit: in thevertex grid thenodesrepresenpoints,which aretypically cornersof
volumeor surfaceelementsyhich form the nodesof the secondyrid.

With the differentkinds of nodes—pointssurfacesandvolumes—datanay be
associatedThe datacantake theform of scalars2-elementomplex numbers,
3-elementwectorsor 6-elementensorsFor eachof thesefour forms,a numberof
visualisationrmodesareavailable,dependingon the context in which the data
appearimageor geometricamodel;volume,surfaceor vertex). Thedatawill have
associatethbels(e.g.intensity rgb, potential,. . .), from which it maybe possible
for the VM to deducea preferredvisualisationmodein the givencontext. A
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label-datauplewill bereferredto asanattribute'. Nodesin ageometricamodel
may carry severalattributes,someof which mayvisualisedsimultaneously

2.1.1.1. Recognised Attrib utes
TheVM will recognisehefollowing attributes.

Table 2-1. Recognisedattrib utes

Label Value
gradient vector(3)
intensity scalar
rgb vector(3)
comple vector(2)
scalar scalar
vector3 vector(3)
tensor6 vector(6)
potential scalar
electrode scalar vector(3)(optional)
dipole vector(3)
force vector(3)
curnvature vector(3)
streamline scalar

Theattributesdipole,electrodeandstreamlineareonly recognisedn geometric

models.

New attributesmay be defined;thevisualisationof suchnew attributeswould be

selectabldrom the setof recognisedvith the samekind of value.

2.1.1.2. Data Object with Temporal Dynamics

Dataobjectsmaychangeovertime, in termsof changingattribute valuesand,in the
caseof geometricabbjects,changingvertex positions.Temporaldynamicswill be
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representedly repeatednstance®f attribute valuesand/orposition,eachinstance
holdingthe correspondingalueat a singletime step.2D imageobjectswith
temporallychangingattribute valueswill simply berepresenteddy a concatenation
of frames,eachframecorrespondingo onetime step,containingthe corresponding
scalaror vectorvalue. Temporallychanging3D imageobjectsarenot supported.
Geometricabbjectswhosegeometryandmaybealsoattribute values,changeover
time will berepresentetly a sequencef distinctinstance®f the object.
Temporallychangingattribute valuesassociateavith atemporallyconstant
geometricaimodelwill berepresentetly repeatednstance®f the corresponding
nodeattribute values,in afashionsimilar to imageswith multiple frames.

Visualisation

Dataobjectscanbevisualisedn severalways,dependingon thekind of dataand
the overall datasetrepresentatiorOnevisualisationinstancei.e. thedisplayof a
2D slicefrom a 3D voxel volumeor therenderingof a geometricobject)is calleda
view.

Eachview will have anassociate®D cursorposition.

TheVM will offer linking of differentviews, suchthatthe 3D cursorpositionin one
view canbe mutually coupledto the 3D positionsof otherviews.

2.1.2.1. Voxel Volumes

TheVM will beableto display2D slicesof data(images)extractedfrom 3D, cubic
voxel volumesalongary of thethreeprincipalaxes(centrednormalsof the sidesof
thecubicvolume).

Scalardatawill bedisplayedaspixel imagesusingcolourmapsselectabldor each
view.

TheVM will becapableof scalingscalardatato employ thefull rangeof the
availablecolourmap.

RGB datawill bedisplayedaspixel imageswith the correspondingolours.

TheVM will offer the possibilityto zoom2D images.
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TheVM will offer mutualcoupling(linking) of thezoomingof any 2D imageview
with thezoomingof other2D imageviews.

TheVM will offer the possibilityto adjustcontrastandbrightnesf 2D slicesof
scalardataindividually for eachview.

Scalarrepresentationf multivariatedata,suchasmagnitudeof complex numbers
and3-elemenwvectorsandvolumeof 6-elementensorswill bedisplayedustlike
scalarvalues.

Complex numberswill bevisualisedby representingherealandimaginary
componentdy differentorthogonalkolours(RGB or CMY). This maybe
combinedwith intensityindicatingthe magnitude.

It will bepossibleto display3-elementvectorsby projectingthemontheimage
plane.The projectionamnaybedirectionalor undirectional.This maybe combined
with colouror intensityindicatingthe magnitude The vectorsmaybe subjectedo a
globalre-scaling.

It will bepossibleto display6-elementensorsy projectingthe corresponding
ellipsoidalrepresentationsee6-elementensoran geometricamodels)onthe
imageplane.This may be combinedwith colouror intensityindicatingthe volume.
Thetensoramaybe subjectedo aglobalre-scaling.

It will be possibleto displaythe anisotroy of tensordoy representinghethree
maincasegisotropic,planarandlinear) by differentorthogonalkolours(RGB or
CMY). This maybe combinedwith intensityindicatingthe volume.

Imagescalardata(explicit or derved,e.g.magnitude)maybeusedto definea
displaymask,excludingvoxelsabove or belon agivenlimit from visualisation.
Alternatively, voxelsfalling out of rangemay be displayedwith afor this purpose
specifiedcolour.

Imagesof scalar(explicit or derived)data,RGB data,andcolourrepresentationsf
complex andtensordata,constitutepixel images.

A pixelimagemay be overlayedon anothempixel image,providedthatthe number
of rows andcolumnsof oneof theimagesareinteger multiplesof the numbersof
rows andcolumnsof theotherimage,to yield a pixel image.An exampleis shovn
in figureFigure2-1.

10
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Figure 2-1. Greyscaleamagewith masked overlay image

Pixel imageoverlaysmay be eitheropaqueor transparent.

Imagesrepresentin@D projectionsof vectorsor tensoranay be overlayedon pixel
imagesyielding compoundmages An exampleis shovn in figure Figure2-2.

Figure 2-2. Greyscalemage (cropped)with masked overlay vector field

11
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Thedefault visualisationfor wholeimagesof scalarvaluesis a scaledgreyscale
map;for overlayimagesa scalednon-greg/scalecolourmapis the default.

Thedefault visualisationfor imagesof 3-elementwectorvaluesis the corresponding
2D directionalprojectionin theimageplane,aftera global scaling,with colour
codingindicatingthe magnitude.

Thedefault visualisationfor imagesof 6-elementvectorvaluesis the 2D projection
of the correspondingllipsoidalrepresentatiom theimageplane,aftera global
scaling,with colourcodingindicatingthe volume.

2.1.2.2. Geometrical Models

TheVM will beableto render3D geometricobjects—meshesurfacesand
volumes—withvariablerotationandscale.

ScalarandRGB valuesassociatedavith volumeelementswill bedisplayedhrough
the colourof theenclosingsurfacesjn the scalarcaseusingcolourmapsselectable
for eachview.

ScalarandRGB valuesassociateavith surfaceelementgpolygons)will be
displayedthroughthe colourof the surfacesjn the scalarcaseusingcolourmaps
selectabldor eachview. Colourvaluesassociateavith a surfaceoverridecolour
valuesassociatedavith enclosed/olumes.

ScalarandRGB valuesassociatedvith verticeswill bedisplayedthroughthe
colourof verticesand,whereapplicable edgeandsurfaceelementsThe colour of
thelatterwill beinterpolatedbetweerthe coloursof theverticesdefiningthe
surfaceelementjn the scalarcaseusingcolourmapsselectabldor eachview.
Colourvaluesassociateavith a vertex overridecolourvaluesassociateavith
enclosedsurfacesor volumes. An exampleis showvn in figure Figure2-3.
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Figure 2-3. A scalarfield shown on a brain surface

TheVM will becapableof scalingscalardatato employ thefull rangeof the
chosercolourmap.

Scalarvaluesassociateavith verticesmay alternatvely be displayedasiso-lines
overthesurfacedefinedby thevertices.

Scalarrepresentationf multivariatedata,suchasmagnitudeof complex number
and3-elemenwvectorsandvolumeof 6-elementensorswill bedisplayedustlike
scalarvalues.

Comple numbersassociateavith volumeelementssurfaceelementsandvertices
will bevisualisedby representingherealandimaginarycomponent$y different
orthogonalkolours(RGB or CMY), specifyingthe colourof themodelsurface
accordingto the schemegoverningscalarvalues.This maybe combinedwith
intensityindicatingthemagnitude.

3-elementwectorswill bedisplayeddirectly atthe correspondingposition(vertex
positionor surfaceor volumecentre)in the 3D spaceThey maybedirectionalor
undirectional This maybe combinedwith colouror intensityindicatingthe
magnitudeThevectorsmaybe subjectedo aglobalre-scaling.

6-elementensorswill bedisplayeddirectly atthe correspondingposition(seeprev.

13
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para.)in the 3D spaceusinga 3D ellipsoidalrepresentationso calledsmarties.
This maybe combinedwith colouror intensityindicatingthe volume.Thetensors
may be subjectedo a globalre-scaling An exampleis showvn in figure Figure2-4.

Figure 2-4.Visualisation of tensorsusing ‘smarties’

0cca

Anisotropy of tensorsassociatedavith volumeelementssurfaceelementsand
verticeswill bevisualisedoy representinghethreemaincasegisotropic,planar
andlinear) by differentorthogonalkolours(RGB or CMY), specifyingthe colourof
themodelsurfaceaccordingo the schemegoverningscalarvalues.This maybe
combinedwith intensityindicatingthe volume.

Scalardata(explicit or derived,e.g.magnitude)nay be usedto defineanelement
mask,suchthatelementgalling out of rangemaybe displayedwith afor this
purposespecifiedcolour An exampleis shavn in figure Figure2-3.

TheVM will offer theuseof clipping planesfor excluding partsof ageometrical
datasefrom beingvisualised.

Severalgeometricaimodelsmaybedisplayedn asingleview.

Special Data Objects

Following dataobjectswill besubjectto specialtreatmentby the VM:

. electrode,

- dipoleand
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. streamline.

electrodeswhich may have anemptyvaluefield, will beplottedin 3D usingan
electrodegylyph; alternatvely, they may have a scalarvaluefield, which will be

representedy the colourcodingof theglyph. Themayalsohave a 3-element

normalvectorgiving the orientationof the glyph.

dipoleswill beplottedas3D vectorscentredatthe correspondingertex position,
with a positve andnegative pole (half) colouredredandblue, respectiely.

streamlinesareassumedo consistf aconnectedetof vertices possiblywith an
associatedcalarattribute representinghe strengthof the streamlineThewill be
visualisedasa setof connectedtubes’ alongthe edgesconnectinghe vertices,
wherethe strengthss indicatedby the thicknesof thetubes.

Generation of Animations

TheVM will offer the possibilityto generatenimationghatmaybetransformed
into commonanimationformats(seeSection2.1.5.2).

Animationsmay be generatedrom dataobjectswith atemporaldimensionwhere
eachtime stepin thedatawill beshavnin oneor moreframesin theanimation,as
selectedy theuser

Animationsmaybegeneratedrom a sequencef changesn theviewing
parameters;ontrollingtheview of ageometricobject. An examplewould bean
animationwith arotatingbrain.

Other Functional Requirements

In additionto the key functionality definedin the previous sectionsthe VM will
deliverfunctionality allowing the userto corvenientlyspecifyinput datafor other
SimBioroutines.It will alsooffer the possibilityto exportvisualisedresultsin at
leastonecommongraphicformat.

2.1.5.1. User Interaction

Theuserwill beableto interactiely probethevalue(scalaror vectorvalued)

15
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associateavith ary grid positionin a SimBio dataset.

TheVM will offer theuserthe possibilityto associaterectorsrepresenting
mechanicaforcesor electricdipoles,with verticesin agivendatasetandsave these
togethemwith thedataset.An exampleis showvn in figure Figure2-5.

TheVM will offer theuserthe possibilityto 'tag’ verticesin a givendatasetand
save tagsthesetogethemwith the dataset. This mayfor examplebe usedto mark
fixedboundaryverticesfor simulations.

Figure 2-5. Representationof a force entered by the user

2.1.5.2. Expor t Formats

TheVM will supportexportof visualisationresultsin commongraphicsand
animationformats.

TheVM will beto exportimagesn formatsemploying

+ losslessr no compressiorfe.g.PNG, TIFF andPNM), aswell as
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+ ‘lossy’ compressiorfe.qg.JPEG).

Severaltoolsexist, freely availableon the Internet,for corvertingbetweerthese
formats,aswell asinto otherformats.Thesetools may be distributedtogethemwith
the SimBio VM.

TheVM will notsupportdirectgeneratiorof animationsHowever, it will support
batchexport of setsof imagescorrespondingo a temporallychangingdataobject,
into a setof graphicfilesin oneof previously listedgraphicexportformats.Again,
severalfreely availabletoolsexist for compiling suchsetsof graphicfilesinto a
singleanimation.

The SimBio VM will offer anintegratedinterfaceto the tool ImageMagick™ f
available,for export of visualisationresults.

2.2. Non-functional Requirements

2.2.1. User Interface

TheVM will offer agraphicalwindow baseduserinterface,controlledby theuser
throughkeyboardandmouse Commoncommandssuchasselectionof datasets
for visualisationwill be availablethroughmenusandtoolbarbuttons;other
commandswwill beavailablethroughmenus An illustration of whatthis couldlook
likeis shavnin figure Figure2-6. In addition,a simplescriptlanguagenterface
will beincludedfor controlof complex off-line operation(e.g.generatiorof
animationsjandlaunchingof the VM from othermodules.

Commandshatinvolve directinteractionwith the data,suchaszoominga region of
animageor rotatinga geometricablataset(e.g.ageometricamodelof the brain
surface)onthescreenwill beaccessibléhroughmouseactions.For example,
clicking with a mousebuttonon a particularlocationon animagewill zoomthe
imagearoundthe selectedocation.Similarly, grabbing(pressinga mousebutton
over) aparticularlocationon a displayareaof a geometricablatasetanddraggingit
(moving the mousewhile keepingthe mousebutton pressedyvill resultin a
correspondingotationof the geometricamodel(or a simplifiedgeometrical

17
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representatiothereof).

Figure 2-6. The graphical userinterface

— R R
Eile Edit ¥iew aAnimation Export [nput Window Help |

Y X

Ready. v

2.2.2. Performance

Someof the VM’ staskscanbe computationallydemandinge.g.renderingof a
geometricaimodelwith hundredof thousand®f polygons.The computational
requirementsiretypically dependingon the quality of thevisualisationIn addition,

18
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hardwareresourceswhich vary from platformto platform, mayimpactwhatkind
of stratgiesthatcanbeadoptedo achieve efficient visualisation.Thereforethe
VM shouldoffer the userthe possibility to controlthe trade-of betweerguality and
speeddf visualisation.

Notes

1. Thenotionof an“attribute”, asusedhere,is not necessarilydenticalwith the
attributesof dataobjectsstoredin the Vistafile format[Kruggel00],althoughin
mary casesherewill beaone-to-onecorrespondence.

19



Chapter 3. Realizing the
Requirements

TheVM will bebuilt usingthe Qt™ [Qt], OpenGL®[OpenGL]andVista[Vista]
librariesunderX-windows™ andLinux®. Qtis alibrary for building graphicaluser
interfacegGUIs) thatprovideselementsuchaswindows, menusdialogboxes,
etc.OpenGLis agraphicdibrary designedor efficientrenderingof 3D geometrical
objectswhichis alsocapableof displayingpixel images.

Theuseof Qt andOpenGLshouldmake portingto Microsoft® Windows®
95/98/NT straightforward. However, sucha port, which atthe momentwould
requireacommercialicencefor the Qt library, will notbeconsideredurtherwithin
the SimBio project.

The OpenGLlibrary is believedto offer all the low-level graphicsfunctionality that
will berequiredto createthe advancedvisualisationroutinesrequiredin the SimBio
project.A specificextensionfor the Qt library makesthe integrationof the
functionality provided by OpenGLinto a GUI built usingQt straightforvard.

Thesignal-slotmechanisnprovidedby the Qt library is awell suitedinfrastructure
for linking propertiessuchas3D positionandzoom,betweerdifferentviews.

The Vistalibrary offersefficient datastructuresandassociate@lgorithmsfor
creatingandworking with the dataobjectsdiscussedn sectionSection2.1.1.

Althoughthe VM will beimplementedunderLinux, it will alsoportedto andtested
underotherUNIX® dialects,suchaslrix®.

20
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