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Chapter 1. Intr oduction
Thisdocumentis therequirementsspecificationfor thevisualisationmodule(VM)
of theSimBioproject[SimBio00].Thepurposeof this moduleis, asits name
suggests,to visualisetheresultsfrom otherSimBiomodules,e.g.stressfieldsfrom
bio-mechanicalsimulationsor sourcelocalisationandinfluencefrom bio-electrical
simulations.

Thepurposeof this documentis to specifytheintendedfunctionalityof theVM and
how this functionalitywill beavailableto auserthrougha graphicaluserinterface.

1.1. The SimBio Project
Thecentralobjectiveof theSimBioprojectis theimprovementof clinical and
medicalpracticesby theuseof numericalsimulationfor bio-medicalproblems.The
projectbuildson significantexpertiseandprior developmentsfor specific
applicationsto constructagenericenvironment,runningonparallelanddistributed
computingsystems,capableof handlinga rangeof importantproblemsrelevantto
thetargetcommunityof clinical andmedicalserviceproviders.This innovative
developmentis anenablingtechnologyfor advancedclinical practiceandhealth
careleadingto improvementsin: non-invasiveprognosisanddiagnosis,
pre-operativeplanning,designandimplantationof prosthesesandpostoperative
verificationandevaluationof treatmentsuccess.Theapplicationevaluationsin the
projectwill demonstratetheeffectivenessof theSimBio environmentandthus
acceleratethetake-upof this IT technologywithin themedicalarea.

1.2. The Visualisation Module
Thesimulationof bio-medicaldataoftenrequiresadvancedvisualisationtools,
capableof particularlyaccurateor high resolutionvisualisation.TheSimBioVM
will bedesignedto meetsuchrequirement.It shouldbeableto visualisesimulation
resultswith fastchangeof viewing parameters.It will allow thevisualisationof
conductivity anddiffusiontensorsaswell asvectorfieldsandiso-linesinterpolated
in forceandelectro-magneticpotentialfields.Changesof time-dependentvariables
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Chapter 1. Introduction

arevisualisedwith highupdaterates.Therenderenginewill takeadvantageof the
underlyinghardwarearchitecture,especiallyof aparallelprocessingenvironment
and/orspecialpurposegraphicaldisplayboards.

Exportfilters to standardanimationandgraphicformatswill beimplemented,to
makedataavailableto thecosmopolitanmedical,clinical andengineering
communitiesfor presentation,publicationandfurtherinvestigationwith external
softwaretools.
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Chapter 2. Requirements
Thischapterdescribestherequirementsto bemetby theSimBioVM. The
following, mainsectionof thechapterdescribesthefunctionalrequirements.
Non-functionalrequirements—userinterfaceandperformanceissues—are
discussedin theshorterfinal section.

2.1. Functional Requirements
Thefollowing sectionsdescribethekindsof dataobjectsthatarerecognisedby the
VM andhow they canbevisualised,coveringthekey functionalityof theVM. The
chapterendswith ashortsectionon non-functionalrequirements,coveringuser
interfaceandperformance.

2.1.1. Data Objects
All thedatasetsoccurringin theSimBio environmentaredefinedoversomefinite
grid in a3D Euclideanspace.Therearetwo basicrepresentationsfor thedatasets:
images(voxel volumes)andgeometricalmodels(graphs).For imagedatasets,the
grid is regularandrectangular, andthelocationof thenodesis only implicitly
defined.For geometricaldatasets,thegrid is normallynot regularandhencenode
positionsmustbeexplicitly defined.

For imagedatasets,thenodesalwaysrepresentvolumeelements.Thus,thereis an
implicit secondgrid, in which thenodesarethepoints(vertices)thatdefinesthe
cornersof thevolumeelements.For geometricaldatasets,bothgridsmustbemade
explicit: in thevertex grid thenodesrepresentpoints,whicharetypically cornersof
volumeor surfaceelements,which form thenodesof thesecondgrid.

With thedifferentkindsof nodes—points,surfacesandvolumes—datamaybe
associated.Thedatacantake theform of scalars,2-elementcomplex numbers,
3-elementsvectorsor 6-elementtensors.For eachof thesefour forms,anumberof
visualisationmodesareavailable,dependingon thecontext in which thedata
appear(imageor geometricalmodel;volume,surfaceor vertex). Thedatawill have
associatedlabels(e.g.intensity, rgb,potential,. . . ), from which it maybepossible
for theVM to deduceapreferredvisualisationmodein thegivencontext. A
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Chapter 2. Requirements

label-datatuplewill bereferredto asanattribute 1. Nodesin ageometricalmodel
maycarryseveralattributes,someof whichmayvisualisedsimultaneously.

2.1.1.1. Recognised Attrib utes

TheVM will recognisethefollowing attributes.

Table 2-1.Recognisedattrib utes

Label Value

gradient vector(3)

intensity scalar

rgb vector(3)

complex vector(2)

scalar scalar

vector3 vector(3)

tensor6 vector(6)

potential scalar

electrode scalar, vector(3)(optional)

dipole vector(3)

force vector(3)

curvature vector(3)

streamline scalar

Theattributesdipole,electrodeandstreamlineareonly recognisedin geometric
models.

New attributesmaybedefined;thevisualisationof suchnew attributeswouldbe
selectablefrom thesetof recognisedwith thesamekind of value.

2.1.1.2. Data Object with Temporal Dynamics

Dataobjectsmaychangeover time, in termsof changingattributevaluesand,in the
caseof geometricalobjects,changingvertex positions.Temporaldynamicswill be
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Chapter 2. Requirements

representedby repeatedinstancesof attributevaluesand/orposition,eachinstance
holdingthecorrespondingvalueat asingletimestep.2D imageobjectswith
temporallychangingattributevalueswill simplyberepresentedby aconcatenation
of frames,eachframecorrespondingto onetimestep,containingthecorresponding
scalaror vectorvalue.Temporallychanging3D imageobjectsarenotsupported.
Geometricalobjectswhosegeometry, andmaybealsoattributevalues,changeover
timewill berepresentedby asequenceof distinctinstancesof theobject.
Temporallychangingattributevaluesassociatedwith a temporallyconstant
geometricalmodelwill berepresentedby repeatedinstancesof thecorresponding
nodeattributevalues,in a fashionsimilar to imageswith multiple frames.

2.1.2. Visualisation
Dataobjectscanbevisualisedin severalways,dependingon thekind of dataand
theoveralldatasetrepresentation.Onevisualisationinstance(i.e. thedisplayof a
2D slicefrom a3D voxel volumeor therenderingof a geometricobject)is calleda
view.

Eachview will haveanassociated3D cursorposition.

TheVM will offer linking of differentviews,suchthatthe3D cursorpositionin one
view canbemutuallycoupledto the3D positionsof otherviews.

2.1.2.1. Voxel Volumes

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

Scalardatawill bedisplayedaspixel imagesusingcolourmapsselectablefor each
view.

TheVM will becapableof scalingscalardatato employ thefull rangeof the
availablecolourmap.

RGB datawill bedisplayedaspixel imageswith thecorrespondingcolours.

TheVM will offer thepossibilityto zoom2D images.
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Chapter 2. Requirements

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

TheVM will offer thepossibilityto adjustcontrastandbrightnessof 2D slicesof
scalardataindividually for eachview.

Scalarrepresentationof multivariatedata,suchasmagnitudeof complex numbers
and3-elementvectorsandvolumeof 6-elementtensors,will bedisplayedjust like
scalarvalues.

Complex numberswill bevisualisedby representingtherealandimaginary
componentsby differentorthogonalcolours(RGB or CMY). Thismaybe
combinedwith intensityindicatingthemagnitude.

It will bepossibleto display3-elementvectorsby projectingthemon theimage
plane.Theprojectionsmaybedirectionalor undirectional.Thismaybecombined
with colouror intensityindicatingthemagnitude.Thevectorsmaybesubjectedto a
globalre-scaling.

It will bepossibleto display6-elementtensorsby projectingthecorresponding
ellipsoidalrepresentations(see6-elementtensorsin geometricalmodels)on the
imageplane.Thismaybecombinedwith colouror intensityindicatingthevolume.
Thetensorsmaybesubjectedto aglobalre-scaling.

It will bepossibleto displaytheanisotropy of tensorsby representingthethree
maincases(isotropic,planarandlinear)by differentorthogonalcolours(RGBor
CMY). Thismaybecombinedwith intensityindicatingthevolume.

Imagescalardata(explicit or derived,e.g.magnitude)maybeusedto definea
displaymask,excludingvoxelsaboveor below agivenlimit from visualisation.
Alternatively, voxelsfalling outof rangemaybedisplayedwith a for this purpose
specifiedcolour.

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

A pixel imagemaybeoverlayedon anotherpixel image,providedthatthenumber
of rowsandcolumnsof oneof theimagesareintegermultiplesof thenumbersof
rowsandcolumnsof theotherimage,to yield apixel image.An exampleis shown
in figureFigure2-1.
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Chapter 2. Requirements

Figure 2-1.Greyscaleimagewith masked overlay image

Pixel imageoverlaysmaybeeitheropaqueor transparent.

Imagesrepresenting2D projectionsof vectorsor tensorsmaybeoverlayedonpixel
images,yielding compoundimages.An exampleis shown in figureFigure2-2.

Figure 2-2.Greyscaleimage(cropped)with maskedoverlay vector field
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Chapter 2. Requirements

Thedefault visualisationfor wholeimagesof scalarvaluesis ascaledgreyscale
map;for overlayimagesascalednon-greyscalecolourmapis thedefault.

Thedefault visualisationfor imagesof 3-elementvectorvaluesis thecorresponding
2D directionalprojectionin theimageplane,afteraglobalscaling,with colour
codingindicatingthemagnitude.

Thedefault visualisationfor imagesof 6-elementvectorvaluesis the2D projection
of thecorrespondingellipsoidalrepresentationin theimageplane,aftera global
scaling,with colourcodingindicatingthevolume.

2.1.2.2. Geometrical Models

TheVM will beableto render3D geometricobjects—meshes,surfacesand
volumes—withvariablerotationandscale.

ScalarandRGB valuesassociatedwith volumeelementswill bedisplayedthrough
thecolourof theenclosingsurfaces,in thescalarcaseusingcolourmapsselectable
for eachview.

ScalarandRGB valuesassociatedwith surfaceelements(polygons)will be
displayedthroughthecolourof thesurfaces,in thescalarcaseusingcolourmaps
selectablefor eachview. Colourvaluesassociatedwith asurfaceoverridecolour
valuesassociatedwith enclosedvolumes.

ScalarandRGB valuesassociatedwith verticeswill bedisplayedthroughthe
colourof verticesand,whereapplicable,edgeandsurfaceelements.Thecolourof
thelatterwill beinterpolatedbetweenthecoloursof theverticesdefiningthe
surfaceelement,in thescalarcaseusingcolourmapsselectablefor eachview.
Colourvaluesassociatedwith avertex overridecolourvaluesassociatedwith
enclosedsurfacesor volumes.An exampleis shown in figureFigure2-3.
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Chapter 2. Requirements

Figure 2-3.A scalar field shown on a brain surface

TheVM will becapableof scalingscalardatato employ thefull rangeof the
chosencolourmap.

Scalarvaluesassociatedwith verticesmayalternatively bedisplayedasiso-lines
over thesurfacedefinedby thevertices.

Scalarrepresentationof multivariatedata,suchasmagnitudeof complex number
and3-elementvectorsandvolumeof 6-elementtensors,will bedisplayedjust like
scalarvalues.

Complex numbersassociatedwith volumeelements,surfaceelementsandvertices
will bevisualisedby representingtherealandimaginarycomponentsby different
orthogonalcolours(RGB or CMY), specifyingthecolourof themodelsurface
accordingto theschemegoverningscalarvalues.Thismaybecombinedwith
intensityindicatingthemagnitude.

3-elementvectorswill bedisplayeddirectly at thecorrespondingposition(vertex
positionor surfaceor volumecentre)in the3D space.They maybedirectionalor
undirectional.Thismaybecombinedwith colouror intensityindicatingthe
magnitude.Thevectorsmaybesubjectedto aglobalre-scaling.

6-elementtensorswill bedisplayeddirectly at thecorrespondingposition(seeprev.
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para.)in the3D space,usinga3D ellipsoidalrepresentations,socalledsmarties.
Thismaybecombinedwith colouror intensityindicatingthevolume.Thetensors
maybesubjectedto aglobalre-scaling.An exampleis shown in figureFigure2-4.

Figure 2-4.Visualisation of tensorsusing ‘smarties’

Anisotropy of tensorsassociatedwith volumeelements,surfaceelementsand
verticeswill bevisualisedby representingthethreemaincases(isotropic,planar
andlinear)by differentorthogonalcolours(RGB or CMY), specifyingthecolourof
themodelsurfaceaccordingto theschemegoverningscalarvalues.Thismaybe
combinedwith intensityindicatingthevolume.

Scalardata(explicit or derived,e.g.magnitude)maybeusedto defineanelement
mask,suchthatelementsfalling out of rangemaybedisplayedwith a for this
purposespecifiedcolour. An exampleis shown in figureFigure2-3.

TheVM will offer theuseof clippingplanesfor excludingpartsof a geometrical
datasetfrom beingvisualised.

Severalgeometricalmodelsmaybedisplayedin asingleview.

2.1.3. Special Data Objects
Following dataobjectswill besubjectto specialtreatmentby theVM:

• electrode,

• dipoleand
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• streamline.

electrodes,whichmayhaveanemptyvaluefield, will beplottedin 3D usingan
electrodeglyph; alternatively, they mayhaveascalarvaluefield, whichwill be
representedby thecolourcodingof theglyph.Themayalsohavea3-element
normalvectorgiving theorientationof theglyph.

dipoleswill beplottedas3D vectors,centredat thecorrespondingvertex position,
with apositiveandnegativepole(half) colouredredandblue,respectively.

streamlinesareassumedto consistsof aconnectedsetof vertices,possiblywith an
associatedscalarattributerepresentingthestrengthof thestreamline.Thewill be
visualisedasasetof connected‘tubes’ alongtheedgesconnectingthevertices,
wherethestrengthsis indicatedby thethicknessof thetubes.

2.1.4. Generation of Animations
TheVM will offer thepossibilityto generateanimationsthatmaybetransformed
into commonanimationformats(seeSection2.1.5.2).

Animationsmaybegeneratedfrom dataobjectswith a temporaldimension,where
eachtimestepin thedatawill beshown in oneor moreframesin theanimation,as
selectedby theuser.

Animationsmaybegeneratedfrom asequenceof changesin theviewing
parameters,controllingtheview of ageometricobject.An examplewouldbean
animationwith a rotatingbrain.

2.1.5. Other Functional Requirements
In additionto thekey functionalitydefinedin theprevioussections,theVM will
deliver functionalityallowing theuserto convenientlyspecifyinputdatafor other
SimBio routines.It will alsooffer thepossibilityto export visualisedresultsin at
leastonecommongraphicformat.

2.1.5.1. User Interaction

Theuserwill beableto interactively probethevalue(scalaror vectorvalued)
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associatedwith any grid positionin aSimBiodataset.

TheVM will offer theuserthepossibilityto associatevectorsrepresenting
mechanicalforcesor electricdipoles,with verticesin agivendatasetandsave these
togetherwith thedataset.An exampleis shown in figureFigure2-5.

TheVM will offer theuserthepossibilityto ’tag’ verticesin agivendatasetand
save tagsthesetogetherwith thedataset.Thismayfor examplebeusedto mark
fixedboundaryverticesfor simulations.

Figure 2-5.Representationof a forceentered by the user

2.1.5.2. Expor t Formats

TheVM will supportexportof visualisationresultsin commongraphicsand
animationformats.

TheVM will beto export imagesin formatsemploying

• losslessor no compression(e.g.PNG,TIFF andPNM), aswell as

16



Chapter 2. Requirements

• ‘lossy’ compression(e.g.JPEG).

Severaltoolsexist, freelyavailableon theInternet,for convertingbetweenthese
formats,aswell asinto otherformats.Thesetoolsmaybedistributedtogetherwith
theSimBioVM.

TheVM will not supportdirectgenerationof animations.However, it will support
batchexportof setsof imagescorrespondingto a temporallychangingdataobject,
into asetof graphicfiles in oneof previously listedgraphicexport formats.Again,
severalfreely availabletoolsexist for compilingsuchsetsof graphicfiles into a
singleanimation.

TheSimBio VM will offer anintegratedinterfaceto thetool ImageMagick™,if
available,for exportof visualisationresults.

2.2. Non-functional Requirements

2.2.1. User Interface
TheVM will offer a graphical,window baseduserinterface,controlledby theuser
throughkeyboardandmouse.Commoncommands,suchasselectionof datasets
for visualisation,will beavailablethroughmenusandtoolbarbuttons;other
commandswill beavailablethroughmenus.An illustrationof whatthis couldlook
like is shown in figureFigure2-6. In addition,asimplescriptlanguageinterface
will beincludedfor controlof complex off-line operation(e.g.generationof
animations)andlaunchingof theVM from othermodules.

Commandsthatinvolvedirectinteractionwith thedata,suchaszoominga regionof
animageor rotatingageometricaldataset(e.g.ageometricalmodelof thebrain
surface)on thescreen,will beaccessiblethroughmouseactions.For example,
clicking with amousebuttonona particularlocationon animagewill zoomthe
imagearoundtheselectedlocation.Similarly, grabbing(pressingamousebutton
over)aparticularlocationonadisplayareaof ageometricaldatasetanddraggingit
(moving themousewhile keepingthemousebuttonpressed)will resultin a
correspondingrotationof thegeometricalmodel(or asimplifiedgeometrical
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representationthereof).

Figure 2-6.The graphical user interface

2.2.2. Performance
Someof theVM’ s taskscanbecomputationallydemanding,e.g.renderingof a
geometricalmodelwith hundredsof thousandsof polygons.Thecomputational
requirementsaretypically dependingon thequalityof thevisualisation.In addition,
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Chapter 2. Requirements

hardwareresources,whichvary from platformto platform,mayimpactwhatkind
of strategiesthatcanbeadoptedto achieveefficient visualisation.Therefore,the
VM shouldoffer theuserthepossibilityto controlthetrade-off betweenqualityand
speedof visualisation.

Notes
1. Thenotionof an“attribute”, asusedhere,is notnecessarilyidenticalwith the

attributesof dataobjectsstoredin theVistafile format[Kruggel00],althoughin
many casestherewill bea one-to-onecorrespondence.
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Chapter 3. Realizing the
Requirements

TheVM will bebuilt usingtheQt™ [Qt], OpenGL®[OpenGL]andVista[Vista]
librariesunderX-windows™andLinux®. Qt is a library for building graphicaluser
interfaces(GUIs) thatprovideselementssuchaswindows,menus,dialogboxes,
etc.OpenGLis agraphicslibrary designedfor efficient renderingof 3D geometrical
objects,which is alsocapableof displayingpixel images.

Theuseof Qt andOpenGLshouldmakeportingto Microsoft® Windows®
95/98/NTstraightforward.However, suchaport,whichat themomentwould
requireacommerciallicencefor theQt library, will notbeconsideredfurtherwithin
theSimBioproject.

TheOpenGLlibrary is believedto offer all thelow-level graphicsfunctionalitythat
will berequiredto createtheadvancedvisualisationroutinesrequiredin theSimBio
project.A specificextensionfor theQt library makestheintegrationof the
functionalityprovidedby OpenGLinto aGUI built usingQt straightforward.

Thesignal-slotmechanismprovidedby theQt library is awell suitedinfrastructure
for linking properties,suchas3D positionandzoom,betweendifferentviews.

TheVistalibrary offersefficientdatastructuresandassociatedalgorithmsfor
creatingandworkingwith thedataobjectsdiscussedin sectionSection2.1.1.

AlthoughtheVM will beimplementedunderLinux, it will alsoportedto andtested
underotherUNIX® dialects,suchasIrix®.
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