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Abstract

Many statisticalshapeanalysismethodsproducevarioustypesof dataabouttheanalyzedsurfaces,such
asp-valuemaps,distancemaps,3D differencevectorsandlocal covariancematrices.This datais often
too largeandthusdiffi cult to be properlyevaluatedon a qualitative basis.A visual representationof
this datastronglysimplifi esqualitative evaluationby humansandthusgreatlyenhancesthe valueof
the statisticalresults. In this paperwe presenta new tool for visualizingvariousdatasetson surfaces
representedastrianglemeshes.

Our tool, KWMeshVisu, is implementedusingthe Insight Toolkit ITK, www.itk.org , the Visual-
ization Toolkit VTK, www.vtk.org , andthe KWWidgetsuserinterfacetoolkit, www.kwwidgets.org .
The sourcecodefor KWMeshVisu, aswell asinput datausedto generatethe imagesin this paper, is
providedwith this document.

Contents

1 Intr oduction 2

2 Methods 2
2.1 VisualizingStatisticalDataonMesheswith KWMeshVisu . . . . . . . . . . . . . . . . . . 2

VisualizingScalarMaps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
VisualizingVectorMaps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
VisualizingEllipsoidFields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
VisualizingSpaceCurves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.2 OtherFeatures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.3 KWMeshVisuasaScriptingTool . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.4 SoftwareRequirements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

3 Results 7

4 Conclusion 10

5 Acknowledgements 10

www.itk.org
www.vtk.org
www.kwwidgets.org


2

A Implementation Notes 10

1 Introduction

KWMeshVisu is designedto visualizevariousdatasetson surfacesrepresentedby meshes.The currently
supporteddatatypesarescalarmaps,vectormaps,ellipsoid fi eldsand3D spacecurves. KWMeshVisu
enablescustomvisualizationsof all thesedatatypes,with many parametersthatcanbefi ne-tunedto meet
therequirementsof thespecifi c application.However, all theparametershave sensibledefault valuesthat
aredeterminedbasedon thedataset;therefore,it is intuitive enoughfor themostinexperienceduser.

In the following sections,we fi rst describehow to usethe graphicaluserinterfaceto visualizevarious
datatypesaswell astherelevantparametersfor eachof thesevisualizations.Next, we describehow to use
KWMeshVisuasascriptingtool thatcanprocessa largepopulationof objectsanddatasetsto produceaset
of images;thiscanbeavaluablemethodfor ensuringqualitycontrolof theresultsof alargestatisticalstudy.
Then,wedescribethesoftwarerequirementsfor successfullyinstallingKWMeshVisu. Fi nally, imagesand
descriptionsof variousvisualizationsareprovidedin Section3 to illustratethecapabilitiesof KWMeshVisu
andits typicalusagescenarios.Technicalimplementationdetailsareprovidedin AppendixA.

2 Methods

2.1 Visualizing Statistical Data on Meshes with KWMeshVisu

Whenfi rst launched,KWMeshVisudisplaysanemptyscene,andtheuseris expectedto loadanobjectinto
thescene,usingthe“Load Mesh”button.Any fi le in ITK' sMetaMeshformatcanbeloadedinto thescene
thisway.

Oncea meshis loadedinto the scene,the useris ableto startvisualizingdataon the meshsurface. The
currentlysupporteddatatypesarescalarmaps,vectormaps,ellipsoidmaps,aswell as3D sampledcurves.

Visualizing Scalar Maps

A scalarmapon a surfacerepresentedby a meshis basicallya list of scalarvaluessuchthateachvertex of
themeshis assigneda value.An intuitive visualizationof sucha scalarmapis to representthescalarswith
differentcolors. In this way, a qualitative understandingof thedatamaybequickly obtained,andregions
with localminimaor maxima,andregionsof highandlow valuesmaybeeasilydetected.

With KWMeshVisu, it is very easyto visualizea scalarmapin theway describedabove. After a meshis
loaded,all thatneedsto bedoneis to loadthescalarmapusingthebutton“Load 1D Attribute”. Thefi les
thatcanbeloadedthis way aresimpletext fi les. At thebeginningof thesefi les,thereis a headersection,
whichshouldlook like thefollowing:

NUMBER_OF_POINTS= 4002
DIMENSION = 1
TYPE = Scalar
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Figure1: Visualization Modes. The two prede�ned visualization modes are the distance map, which can be used to

visualize the whole range of the data, and the P-value map, which can be used to threshold values.

In this header, theNUMBER_OF_POINTSentryrepresentshow many scalarvaluestherearein thefi le. Note
thatthisnumbermustmatchthenumberof verticesin themesh.Following theheader, thereis asimplelist
of scalars,with a new line usedasseparatorsaftereachvalue. The total numberof linesafter the header
shouldthereforebeequalto thenumberof verticesin themesh.

Oncethemapis loaded,theuserhastheoptionof fi ne-tuningthevisualizationusingtheleft panelof the
tool. The visualizationmodecanbe setto be eithera distancemap,or a P-valuemap. The distancemap
assignstwo differentcolors to two values,andany valuethat is in this rangeis assignedan interpolated
color. As thenameimplies, it is mostconvenientto usethis modefor distancemaps.A P-valuemap,on
theotherhand,hasthreeendpoints,themiddleonebeingusedasthethresholdof “signifi cance”.A good
usageexamplewould bea signifi cancemapwherevaluesbetween0 to 0.05aredecreasinglysignifi cant,
andany valueabove 0.05 is insignifi cant. Figure2 shows thevisualizationof sucha signifi cancemap,
andcomparestheresultingimagewith thedistancemapmode.

In both of thesevisualizationmodes,the scalarvaluesof the endpointsaswell asthe colorsassignedto
thesevaluescanbespecifi ed throughKWMeshVisu's userinterface. In thecolor transferfunctioneditor
in theleft panel,doubleclicking ontheendpointswill let theuserassigncolors;draggingthepointsaround
or enteringa valuewill changetheavailablerange.Notethatin thepredefi nedP-valuemapcolor transfer
function,thetwo endpointsareconstantandsetat 0 and1; therefore,theonly variablerangeparameteris
thethresholdvalue.For distancemaps,bothendpointscanbemodifi ed.

As aninitial value,thedistancemapautomaticallychoosesavaluewhich includesall of theavailablescalar
range.Theusercanlaterchangethesevaluesif he/shewantsto zoomin onaparticularpartof therange.

Visualizing Vector Maps

Anothercommondatatypeis vectormaps,whichconsistof a3D vectordefi nedateachvertex of themesh.
Examplesof suchdatasetsaredifferencevectors,growth vectors,principaldirections,etc. It is very intuitive
to visualizethesevectorsasorientedlinesor arrows,originatingfrom thesurfacepoint.

To load sucha vectormapwith KWMeshVisu, the usershouldsimply click on the “Load 3D Attribute”
button.Thesupportedfi le formatis verysimilar to 1D case,with aslight changein theheader:

NUMBER_OF_POINTS= 4002
DIMENSION = 3
TYPE = Vector

Following theheadersection,eachline consistsof 3 valuesrepresentingthex, y, z dimensionsof thevector
correspondingto thecurrentvertex. Thevaluesareseparatedby aspacecharacter.
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In thevisualization,boththearrow lengthsandcoloringaredonein proportionto theirvectorscalarlengths.
This way, it is possibleto quickly observe wherethevectorsarelarge(big arrows of a particularcolor) and
wherethey aresmall (small arrows of a differentcolor). The coloring parameterscanbe changedin the
samewayasthescalarmapcase.

Note that if a scalarmapanda vectormapareloadedon thesamemesh,thescalarmapvisualizationwill
becomestaticandit will notbepossibleto changeit any further. This is doneto ensurethatthescalarmap
andthevectormapcanhave differentvisualizationparameters.Theusershouldfi rst loadthescalarmap,
adjustparametersuntil satisfi edwith theresult,andthenloadthevectormapandadjusttheparametersfor
thevectorvisualization.An exampleof thesimultaneousvisualizationof ascalarmapandavectorfi eld is
shown in Figure6.

Whenworkingwith vectormaps,two otherfeaturesof KWMeshVisubecomerelevant.Thefi rstoneis the
“Mesh Opacity”,which determinestheappearanceof themeshsurface.If someof thevectorsaredirected
towardstheinsideof themesh,thenmakingthemeshtransparentgreatlyimprovesthevisualization.Figure
3 comparesthevisualizationon anopaquemeshwith thevisualizationon a transparentmesh.Thesecond
importantoption for visualizingvectormapsis the“FeatureScale”,which lets theuserchoosea factorto
scaleall thevectors.Therefore,it is possibleto zoomingin andoutof thearrowswithouthaving to alterthe
surfacevisualizationor theattributefi le.

Visualizing Ellipsoid Fields

Thenext commontypeof dataisellipsoidfi elds.Themostcommonusageof ellipsoidfi eldsis to represent
local covarianceson a surface. In KWMeshVisu, the button “Load Ellipsoid Field” enablesthe userto
visualizesuchamap.

Thesupportedfi le formatis verysimilar to thescalarandvectormapcases.Theheadernow lookslike the
following:

NUMBER_OF_POINTS= 4002
DIMENSION = 9
TYPE = Ellipsoid

The visualizationis very similar to the vectormapcase,with the ellipsoidsdrawn to scale. The coloring
is donebasedon the largesteigenvalueof the ellipsoid. All visualizationparameters(scale,opacity, col-
oring rangeandendpoints)canbe changedin the sameway asbefore. Figure 4 illustratesthis type of
visualization.

Visualizing Space Curves

The last supporteddatatype is 3D spacecurves. A typical usagecanbe to visualizethe integral curve of
somevectorfi eld on themesh,like theprincipalcurvesof thesurface.

The fi le format is similar, althoughthe headeris slightly different. In this case,the NUMBER_OF_POINTS
entryshows how many sampleson thecurve areprovided. Therefore,this numberdoesnot have to match
thenumberof verticeson themesh,andcanbeany integervalue. The linesafter theheadereachinclude
thethreedimensionalcoordinatesof thesampleson thecurve.

NUMBER_OF_POINTS= 1442
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DIMENSION = 3
TYPE = Curve

For the time being,this featureoffers lessvisualizationoptionsascomparedto the otherdatatypes. The
coloringparameterscannotbealtered,eventhoughit is possibleto changethesurfaceopacity.

Figure5 illustratesaspacecurve visualization.

2.2 Other Features

Therearea few otherfeaturesin KWMeshVisu thataremeantfor advancedusers.Theseincludecamera
specifi cationandsaving/loadingthevisualizationasasingledatafi le.

In theuserinterface,it is easyandintuitive to usethemousefor obtainingthedesiredviewpointandcamera
angleto achieve thedesiredvisualization.However, if KWMeshVisuis usedasascriptingtool,asdescribed
in Section2.3, thecameraspecifi cationcanbetricky. It is suggestedthatonedoesat leastonevisualization
for eachdatasetthroughtheGUI, andthenusethe“Get Camera”buttonto grabthecurrentcameraparam-
eters.Thesecanthenbesuppliedto thecommandline tool asparametersto reproducethesameviewpoint
for thesubsequentvisualizations.

KWMeshVisu is alsocapableof saving/loadingthecurrentlyvisualizedmeshanddatasetasa singlefi le
ratherthantwo separatefi les(.metaand.txt fi les).Thiscanbeusefulfor easilyreproducingthevisualiza-
tion in thefuture.Simply usethe“Save AttributedMesh” to save; then,the“Load AttributedMesh”button
canbeusedatany timefor loadingthecurrentmeshanddatasetatonce.Notethatcurrentlyonly scalardata
canbesavedtogetherwith themesh.

2.3 KWMeshVisu as a Scripting Tool

In statisticalshapeanalysisstudies,it oftenhappensthat theanalysisproducesa few differentdatasetsfor
every objectin a population.In sucha scenario,it is very inconvenientto go througheachobjectandeach
dataset,just in orderto inspecttheoverallqualityof theanalysis.Moreover, whendoingthesevisualizations
oneby onemanually, it is muchmorelikely thata smalldifferencein the fi ne-tuningof thevisualization
parameterswill resultin amistakenconclusion.Therefore,it wouldbedesirableto automizethisprocessas
muchaspossibleto make thetaskeasierandlesserror-prone.

The solution is to useKWMeshVisu as a commandline tool that canbe usedin a script that automati-
cally generatesvisualizationsof the dataset.All of the functionality describedin the previous sectionis
alsoavailableascommandline options. The following is a list of thesecommandline optionsandtheir
descriptions.

� --help : Displaysabrief list of theavailablecommandline options.

� --mesh [filename] : Loadsthemeshfrom thespecifi ed fi le. Note that this is a requiredoption,
sincethevisualizationrequiresat leastthepresenceof theobject.

� --scalar [filename] : Loadsthescalarmapfrom thespecifi edfi le.

� --vector [filename] : Loadsthe3D vectorfi eld from thespecifi ed�le.

� --ellipsoid [filename] : Loadstheellipsoidfi eld from thespecifi ed�le.
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� --image [filename] : Generatesa bitmap(.bmp)imageof thespecifi edvisualization.

� --pvalue [threshold] : Selectsthe visualizationmodeto be P-value map, with the specifi ed
thresholdvalue.

� --distMapMin [min] : Selectsthevisualizationmodeto be distancemap,andspecifi esthe lower
endpoint. Notethatthisoptionshouldbeusedwith the–distMapMaxoptionto producetheexpected
results.

� --distMapMax [max] : Specifi esthehigherendpoint for thedistancemapvisualizationmode.

� --opacity [o] : Specifi es the opacityof the meshsurface. 1 correspondsto completelyopaque,
and0 correspondsto completelytransparent.

� --scale [s] : Specifi esthefactorby whichthearrows/ellipsoidswill bescaledin thevisualization.
Default is 1.

� --br [red] --bg [green] --bb [blue] : Specifi es the backgroundcolor. Default background
color is black.

� --posx [x] --posy [y] --posz [z] : Specifi esthepositionof thecamera.

� --focx [x] --focy [y] --focz [z] : Specifi esthefocuspointof thecamera.

� --upx [x] --upy [y] --upz [z] : Specifi estheup vectorfor thecamera.

� --zoom [x] : Specifi esthezoomamountfor thecamera.

As mentionedpreviously, in order to fi nd sensiblevaluesfor the cameraparameters,it is suggestedto
manuallymake onevisualization,andwhenthedesiredview is obtained,usethe“Get Camera”buttonon
the GUI for grabbingthe currentcameraparameters.If omitted,default valuesfor the cameraareused,
whichusuallycentertheobject.

2.4 Software Requirements

In orderto succesfullycompileanduseKWMeshVisu,youneedto have thefollowing softwareinstalled:

� InsightToolkit - ITK

� VisualizationToolkit - VTK

� KWWidgets

� Tcl/Tk

� CMake 2.2

NotethatKWWidgetsis notpartof thecurrentenvironmentfor InsightJournal.However, it canbeobtained
from http://www.kwwidg ets .or g/ Wik i/K WWidgets .

http://www.kwwidgets.org/Wiki/KWWidgets
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Figure2: Visualizing a scalar map on a mesh. The scalar map visualization clearly enables the user to quickly detect

the patterns in the map, and which regions on the surface these patterns correpond to.

Figure 3: Visualizing a vector �eld on a mesh. The mesh opacity can be adjusted depending on the particular

application. Here, the same vector �eld is shown on a completely opaque and a completely transparent mesh, to

contrast the two ends of the available range.

3 Results

In this sectionwe presentseveral imagesgeneratedusingKWMeshVisu to illustratethedifferenttypesof
visualizationsthatcanbeachievedwith our tool.

Figure2 illustratesthescalarmapvisualization.Theimageto theleft is showing acaudatemeshbeforethe
scalarmapis loaded;to thecenter, astatisticalP-valuemapis visualizedonthesamesurface.Thethreshold
on this visualizationis 0.05,which is a standardvaluefor P-valueanalysis.Given this visualization,it is
easyto locatewhereon thecaudatesurfacetheP-valueis signifi cantly low (redregions)for this analysis,
andwhereit is too high to besignifi cant(blue regions). To theright of Figure 2, thesamescalarmapis
visualizedin DistanceMap mode,with therange0-1. Here,theoverall trendsin thedataaremorevisible
thanspecifi c regionsof signifi cance.Clearly, the two imagesarecompatiblewith eachother, although
they canleadto differentconclusions.

Figure3 illustratesthe vectorfi eld visualization. The samedatasetis shown on an opaquemeshto the
left, andona transparentmeshto theright. Clearly, thisvisualizationmakesit intuitive to inspectthevector
fi eld. It shouldbe obvious that dependingon the natureof the datasetandon the purposeof the visual-
ization, the meshopacityshouldbe adjusted.Usually, fully transparentmeshesmake it very diffi cult to
graspthewholedatastructure,whereasfully opaquemeshesmake it impossibleto inspectinward-pointing
arrows. A valuearound0.5usuallygivesthebestresults,andthis is thedefault valuewhena vectorfi eld
is loadedinto KWMeshVisu.

Figure 4 shows an ellipsoid fi eld visualizedon a mesh. The coloring is doneaccordingto the largest
eigenvalueof eachellipsoid.

Figure5 illustrateshow a curve is visualizeAdon a mesh. The curve usedon this imageis a principal
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Figure4: Visualizing an ellipsoid �eld on a mesh. Ellipsoid �elds typically represent local covariances for a population.

The coloring is based on the largest eigenvalue of each ellipsoid.

Figure5: Visualizing a space curve. A curve is shown on top of a scalar map. The dataset simply consists of samples

along a smooth curve.

integral curve of theshown caudate,whereasthescalarmapis showing localcurvature.

It is alsopossibleto simultaneouslyvisualizedifferenttypesof datato enhancetheanalysisandto compare
how thedifferentdatasetscompareto eachother. However, it shouldbe notedthatputting too muchdata
in oneimagecancomplicatetheimagesratherthanimproving theunderstanding.Undersamplingthemesh
andthedatausuallyis a goodsolutionto this kind of problem. Also, choosingdifferentcoloringsfor the
different datasetscan be useful. Figure 6 shows a rathercrowded visualizationwith both a scalarmap
anda vectormap,usingthesamecolor schemes.The two datasetsarecloselymatchingeachother, since
the scalarmapsimply consistsof the vector lengthof the arrows; however, it is hardto assessany more
informationfrom this image.Figure7, ontheotherhand,is showing anundersampleddatasetwith different
color schemesfor theellipsoidandthescalarmaps.Thedatais mucheasierto inspectin thismanner.

Otherimagesof variousvisualizationsof theresultsof shapeanalysisstudies,aswell asstudieswhereour
tool couldhave beensuccessfullyused,canbefoundin [1, 2, 3, 4, 5, 6, 7, 8]. Clearly, KWMeshVisu is a
valuabletool for evaluatingandcommunicatingtheresultsof shapeanalysisstudies.
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Figure6: Visualizing two datasets on a mesh. In this particular example, the two datasets closely match each other,

since the scalar map is de�ned by the length of the vector associated with the same location.

Figure7: Visualizing two datasets on a mesh. Notice how undersampling the data can help the visualization quality,

as compared to a very crowded visualization.
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4 Conclusion

We presentedan open sourcevisualization tool for inspectingvarious data sets on surface meshes.
KWMeshVisu supportsthe mostcommonlyencountereddatatypes,suchas scalarmaps,vector fi elds,
ellipsoidfi eldsandspacecurves.Wehave shown how this tool is beingusedin shapeanalysisstudies.As
demonstratedin this paper, KWMeshVisu is a powerful tool sinceit addressesthevisualizationneedsfor
variouscommondatatypesin a singleenvironmentthroughanintuitive userinterface.It alsohasscripting
abilitiesthatareconvenientfor automationpurposes.

Futurework includesintegratingKWMeshVisu to Slicer3.0environment,to furtherfacilitateits usageasa
stepin ashapeanalysispipeline.
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A Implementation Notes

KWMeshVisu is a typical exampleof how variousopensourcelibrariescanbe usedtogetherto createa
tool. In this work, variouscomponentsfrom ITK, VTK andKWWidgetsareusedtogetherto form a pow-
erful visualizationtool. Themeshis readthroughITK metameshI/O interface,andis internallyconverted
to VTK PolyDataformat usingthe itkMeshTovtkPolyD ata classfrom InsightApplicationstoolkit. The
datasetsarestoredasPointDatain thePolyDatastructure.For thevectorfi eld andellipsoidfi eld visual-
izations,VTK' s Glyph structureis usedto effi ciently renderthenumerousobjectsthat areintroducedto
thescene.KWWidgetsgreatlysimplifi estheuserinterfaceissuessinceit hasbuilt-in supportfor many of
theVTK componentsthatareused,like theColorTransferFuncti on usedfor thecoloringparametersof
thevisualization.
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