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Abstract

Many statisticalshapeanalysismethodgproducevarioustypesof dataaboutthe analyzedsurfacessuch
asp-valuemaps distancemaps,3D differencevectorsandlocal covariancematrices.This datais often
too large andthusdiffi cult to be properlyevaluatedon a qualitative basis. A visual representatiof
this datastrongly simplifi esqualitative evaluationby humansandthusgreatly enhanceshe value of
the statisticalresults. In this paperwe presenta new tool for visualizing variousdataseton surfaces
representedstrianglemeshes.

Our tool, KWMesh\su, is implementedusingthe Insight Toolkit ITK, www.itk.org , the Visual-
ization Toolkit VTK, www.vtk.org , andthe KWWidgetsuserinterfacetoolkit, www.kwwidgets.org
The sourcecodefor KWMeshMsu, aswell asinput datausedto generatehe imagesin this paper is
providedwith this document.
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1 Introduction

KWMeshMsu is designedo visualizevariousdataset®n surfacesrepresentethy meshes.The currently
supporteddatatypesare scalarmaps,vectormaps,ellipsoid fi eldsand3D spacecurves. KWMeshMsu
enablegustomvisualizationsof all thesedatatypes,with mary parametershatcanbefi ne-tunedo meet
therequirement®f thespecii ¢ application.However, all the parametersiave sensibledefault valuesthat
aredetermineasedn the datasetthereforeijt is intuitive enoughfor the mostinexperiencediser

In the following sections,we fi rst describehow to usethe graphicaluserinterfaceto visualizevarious
datatypesaswell astherelevantparameter$or eachof thesevisualizations Next, we describehow to use
KWMeshMsu asa scriptingtool thatcanprocessalarge populationof objectsanddatasetso producea set
of imagesthis canbeavaluablemethodfor ensuringguality controlof theresultsof alarge statisticalstudy
Then,we describehe softwarerequirementsor successfullynstallingKWMeshMsu. Fi nally, imagesand
description®f variousvisualizationsareprovidedin Section3 to illustratethecapabilitiesof KWMesh\Msu
andits typicalusagescenariosTechnicalimplementatiordetailsareprovidedin AppendixA.

2 Methods

2.1 Visualizing Statistical Data on Meshes with KWMeshVisu

Whenfi rstlaunchedKWMeshMsu displaysanemptysceneandtheuseris expectedo loadanobjectinto
thesceneusingthe“Load Mesh”button. Any fi le in ITK' s MetaMeshformatcanbeloadedinto thescene
thisway.

Oncea meshis loadedinto the scene the useris ableto startvisualizingdataon the meshsurface. The
currentlysupportediatatypesarescalarmaps,vectormaps.ellipsoid maps,aswell as3D sampledcunes.

Visualizing Scalar Maps

A scalarmapon a surfacerepresentetdy a meshis basicallya list of scalarvaluessuchthateachvertex of
the meshis assigned value. An intuitive visualizationof sucha scalarmapis to representhe scalarawith
differentcolors. In this way, a qualitatve understandin@f the datamay be quickly obtained,andregions
with local minimaor maxima,andregionsof high andlow valuesmaybe easilydetected.

With KWMeshMsu, it is very easyto visualizea scalarmapin the way describedabore. After a meshis
loaded,all thatneedgo bedoneis to loadthe scalatTmapusingthe button“Load 1D Attribute”. Thefi les
thatcanbeloadedthis way aresimpletext fi les. At thebeginningof thesefi les,thereis a headersection,
which shouldlook like thefollowing:

NUMBER_OF POINTS 4002
DIMENSION = 1
TYPE = Scalar
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Figurel: 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 headerthe NUMBER_OF_POINT8ntryrepresentfio mary scalarvaluestherearein thefi le. Note
thatthis numbemustmatchthe numberof verticesin themesh.Following the headerthereis a simplelist
of scalarswith a new line usedasseparatorsfter eachvalue. The total numberof lines afterthe header
shouldthereforebe equalto the numberof verticesin the mesh.

Oncethe mapis loaded,the userhasthe optionof fi ne-tuningthe visualizationusingtheleft panelof the
tool. The visualizationmodecanbe setto be eithera distancemap, or a P-value map. The distancemap
assigngwo differentcolorsto two values,andary valuethatis in this rangeis assignedan interpolated
color. As the nameimplies, it is mostcorvenientto usethis modefor distancemaps. A P-valuemap,on
the otherhand,hasthreeendpoints,the middle onebeingusedasthethresholdof “signifi cance”. A good
usageexamplewould beasignfi cancemapwherevaluesbetweerD to 0.05aredecreasinglgignii cant,
andary valueabove 0.05is insignfi cant. Figure 2 shavs the visualizationof sucha signii cancemap,
andcomparegheresultingimagewith thedistancemapmode.

In both of thesevisualizationmodes the scalarvaluesof the end pointsaswell asthe colorsassignedo
thesevaluescanbe specii ed throughKWMeshMsu's userinterface. In the color transferfunction editor
in theleft panel,doubleclicking onthe endpointswill lettheuserassigrncolors;draggingthe pointsaround
or enteringavaluewill changethe availablerange.Notethatin thepreddi nedP-valuemapcolortransfer
function,thetwo endpointsareconstantandsetat 0 and1; therefore the only variablerangeparameters
thethresholdvalue.For distancemaps bothendpointscanbe modii ed.

As aninitial value,thedistancemapautomaticallychooses valuewhichincludesall of theavailablescalar
range.Theusercanlaterchangahesevaluesif he/shewvantsto zoomin ona particularpartof therange.

Visualizing Vector Maps

Anothercommondatatypeis vectormapswhich consistof a 3D vectorddi nedateachvertex of themesh.
Examplesof suchdatasetsredifferencevectors growth vectors principaldirections etc. It is very intuitive
to visualizethesevectorsasorientedlinesor arrows, originatingfrom the surfacepoint.

To load sucha vector map with KWMeshMsu, the usershouldsimply click on the “Load 3D Attribute”
button. Thesupportedi le formatis very similarto 1D casewith aslightchangen theheader:

NUMBER_OF_POINTS 4002
DIMENSION = 3
TYPE = Vector

Following the headersection eachline consistof 3 valuesrepresentinghex, y, z dimension®f thevector
correspondingo thecurrentvertex. Thevaluesareseparatetby a spacecharacter
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In thevisualizationpboththearrow lengthsandcoloringaredonein proportionto theirvectorscaladengths.
Thisway, it is possibleto quickly obsere wherethe vectorsarelarge (big arravs of a particularcolor) and
wherethey aresmall (small arrows of a differentcolor). The coloring parameterganbe changedn the
sameway asthe scalamapcase.

Notethatif a scalarmapanda vectormapareloadedon the samemesh,the scalarmapvisualizationwill
becomestaticandit will notbe possibleto changet ary further Thisis doneto ensurghatthe scalarmap
andthe vectormapcanhave differentvisualizationparametersThe usershouldfi rstloadthe scalarmap,
adjustparametersintil satisi edwith theresult,andthenloadthevectormapandadjustthe parametersor
thevectorvisualization.An exampleof the simultaneousisualizationof ascalamapandavectorfi eldis
shawvn in Figure®6.

Whenworking with vectormaps two otherfeaturesof KWMesh\Msu becomerelevant. Thefi rstoneisthe

“Mesh Opacity”, which determineghe appearancef the meshsurface.If someof thevectorsaredirected
towardstheinsideof themeshthenmakingthe meshtransparengreatlyimprovesthevisualization.Figure
3 compareghe visualizationon an opaquemeshwith the visualizationon a transparentmesh.The second
importantoptionfor visualizingvectormapsis the “FeatureScale”,which lets the userchoosea factorto

scaleall thevectors.Thereforeijt is possibleto zoomingin andout of thearronvs without having to alterthe

surfacevisualizationor theattributefi le.

Visualizing Ellipsoid Fields

Thenext commontypeof datais ellipsoidfi elds. Themostcommonrusageof ellipsoidfi eldsistorepresent
local covarianceson a surface. In KWMeshMsu, the button “Load Ellipsoid Field” enablesthe userto
visualizesuchamap.

Thesupportedi le formatis very similarto thescalarandvectormapcasesTheheademnow lookslike the
following:

NUMBER_OF_POINTS 4002
DIMENSION = 9
TYPE = Ellipsoid

The visualizationis very similar to the vectormap case with the ellipsoidsdravn to scale. The coloring
is donebasedon the largesteigervalue of the ellipsoid. All visualizationparametergscale,opacity col-
oring rangeand end points) canbe changedn the sameway as before. Figure 4 illustratesthis type of
visualization.

Visualizing Space Curves

Thelastsupporteddatatypeis 3D spacecures. A typical usagecanbeto visualizethe integral curve of
somevectorfi eld onthemesh Jike the principalcurvesof thesurface.

Thefi le formatis similar, althoughthe headeris slightly different. In this case the NUMBER_OF_POINTS
entry shavs how mary sampleson the curve areprovided. Therefore this numberdoesnot have to match
the numberof verticeson the mesh,andcanbe ary integervalue. Thelines afterthe headereachinclude
thethreedimensionatoordinate®f the sampleonthecunrve.

NUMBER_OF_POINTS 1442
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DIMENSION = 3
TYPE = Curve

For the time being, this featureoffers lessvisualizationoptionsas comparedo the otherdatatypes. The
coloringparametersannot be alteredeventhoughit is possibleto changehe surfaceopacity

Figure5 illustratesa spacecurwe visualization.

2.2 Other Features

Therearea few otherfeaturesn KWMeshMsu thatare meantfor advancedusers. Theseinclude camera
specii cationandsaving/loadingthevisualizationasa singledatafi le.

In theuserinterface,it is easyandintuitive to usethe mousefor obtainingthe desiredviewpointandcamera
angleto achieve thedesiredvisualization.However, if KWMeshMsuis usedasa scriptingtool, asdescribed
in Section2.3 thecameraspecii cationcanbetricky. It is suggestethatonedoesatleastonevisualization
for eachdatasethroughthe GUI, andthenusethe “Get Camerabuttonto grabthe currentcamergparam-
eters.Thesecanthenbe suppliedto the commandine tool asparameterso reproducehe sameviewpoint

for thesubsequentisualizations.

KWMeshMsu is alsocapableof saving/loadingthe currentlyvisualizedmeshanddatasetsa singlefi le
ratherthantwo separatd les(.metaand.txtfi les). Thiscanbeusefulfor easilyreproducinghevisualiza-
tion in thefuture. Simply usethe“Save AttributedMesh” to save; then,the“Load AttributedMesh” button
canbeusedatary time for loadingthe currentmeshanddatasettonce.Notethatcurrentlyonly scalardata
canbesaredtogethemwith themesh.

2.3 KWMeshVisu as a Scripting Tool

In statisticalshapeanalysisstudies,t often happenghatthe analysisproducesa few differentdatasetgor
every objectin a population.In sucha scenariojt is very inconsenientto go througheachobjectandeach
datasetjustin orderto inspectheoverall quality of theanalysis Moreover, whendoingthesevisualizations
oneby onemanually it is muchmorelikely thata smalldifferencein thefi ne-tuningof the visualization
parametersvill resultin amistalenconclusion.Thereforejt would bedesirableo automizethis processas
muchaspossibleto malke thetaskeasierandlesserrorprone.

The solutionis to use KWMesh\Msu as a commandline tool that can be usedin a script that automati-
cally generatewisualizationsof the dataset.All of the functionality describedn the previous sectionis
alsoavailable ascommandine options. The following is a list of thesecommandiine optionsandtheir
descriptions.

--help : Displaysa brief list of theavailablecommandine options.

--mesh [filename] : Loadsthe meshfrom thespecii edfi le. Notethatthisis a requiredoption,
sincethevisualizationrequiresatleastthe presencef the object.

--scalar  [filename] : Loadsthescalamapfrom thespecii edfi le.
--vector  [filename] : Loadsthe3D vectorfi eldfromthespecii ed le.

--ellipsoid [filename] : Loadstheellipsoidfi eld fromthespecii ed le.
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--image [flename] : Generateabitmap(.bmp)imageof thespecii edvisualization.

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

--distMapMin  [min] : Selectghe visualizationmodeto be distancemap,andspecii esthelower
endpoint. Notethatthis optionshouldbe usedwith the—distMapMaxoptionto producethe expected
results.

--distMapMax  [max] : Specii esthehigherendpointfor thedistancemapvisualizationmode.

--opacity [0] : Specii estheopacityof the meshsurface. 1 corresponds$o completelyopaque,
andO correspond$o completelytransparent.

--scale  [s] : Specii esthefactorby whichthearrowns/ellipsoidswill bescaledn thevisualization.
Defaultis 1.

-br [red] -bg [green] --bb [blue] : Specii esthebackgrounccolor Default background
coloris black.

-posx [x] -posy [y] -posz [z] : Specii esthepositionofthecamera.

-focx [x] -focy [y] -focz [z] : Specii esthefocuspointofthecamera.

-upx [x] -upy [y] -upz |[z] : Specii estheupvectorfor thecamera.

--zoom [x] : Specii esthezoomamountfor thecamera.
As mentionedpreviously, in orderto fi nd sensiblevaluesfor the cameraparametersit is suggestedo
manuallymake onevisualization,andwhenthe desiredview is obtained usethe “Get Camera’buttonon

the GUI for grabbingthe currentcameraparameters.If omitted, default valuesfor the cameraare used,
which usuallycenterthe object.

2.4 Software Requirements

In orderto succesfullycompileanduseKWMesh\Msu, you needto have the following softwareinstalled:

InsightToolkit - ITK
VisualizationToolkit - VTK
KWWidgets

Tcl/Tk

CMake 2.2

NotethatKWWidgetsis not partof thecurrentervironmentfor InsightJournal. However, it canbeobtained
from http://www.kwwidg  ets .or g/ Wiki/lK WWidgets .


http://www.kwwidgets.org/Wiki/KWWidgets

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 preseniseveral imagesgeneratedisingKWMeshMsu to illustratethe differenttypesof
visualizationghatcanbe achieved with ourtool.

Figure2 illustratesthe scalammapvisualization. Theimageto theleft is shaving a caudataneshbeforethe
scalamapis loaded;to the centey a statisticalP-valuemapis visualizedon the samesurface. Thethreshold
on this visualizationis 0.05,which is a standardvaluefor P-value analysis. Giventhis visualization,it is
easyto locatewhereon the caudatesurfacethe P-valueis signii cantlylow (redregions)for this analysis,
andwhereit is too high to be signfi cant(blue regions). To theright of Figure 2, the samescalarmapis
visualizedin DistanceMap mode,with therange0-1. Here,the overall trendsin the dataaremorevisible
thanspecii ¢ regionsof signii cance. Clearly the two imagesare compatiblewith eachother although
they canleadto differentconclusions.

Figure 3 illustratesthe vectorfi eld visualization. The samedatasetis shavn on an opaguemeshto the
left, andon atransparenmeshto theright. Clearly, this visualizationmalkesit intuitive to inspectthevector
fi eld. It shouldbe obviousthatdependingon the natureof the datasetand on the purposeof the visual-
ization, the meshopacity shouldbe adjusted.Usually fully transparenmeshesnale it very diffi cult to
graspthewhole datastructurewhereadully opaqueameshesnale it impossibleto inspectinward-pointing
arrovs. A valuearound0.5 usuallygivesthe bestresults,andthis is the default valuewhena vectorfi eld
is loadedinto KWMesh\su.

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

Figure5 illustrateshow a curwe is visualizeAdon a mesh. The curve usedon this imageis a principal



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.

Figureb: 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 cune of theshawn caudatewhereaghe scalarmapis shaving local curvature.

It is alsopossibleto simultaneouslyisualizedifferenttypesof datato enhancehe analysisandto compare
how the differentdataset€ompareto eachother However, it shouldbe notedthat puttingtoo muchdata
in oneimagecancomplicatetheimagesatherthanimproving the understandingundersamplinghe mesh
andthe datausuallyis a goodsolutionto this kind of problem. Also, choosingdifferentcoloringsfor the
different datasetsan be useful. Figure 6 shavs a rathercronvded visualizationwith both a scalarmap
anda vectormap, usingthe samecolor schemesThetwo datasetsre closelymatchingeachother since
the scalarmap simply consistsof the vectorlength of the arravs; however, it is hardto assess&ry more
informationfrom thisimage.Figure7, onthe otherhand,is shawving anundersampledatasetvith different
color schemesor theellipsoidandthe scalamaps. The datais mucheasierto inspectin this manner

Otherimagesof variousvisualizationsof the resultsof shapeanalysisstudiesaswell asstudieswhereour
tool could have beensuccessfullyused,canbefoundin [1, 2, 3, 4, 5, 6, 7, 8]. Clearly KWMeshMsuis a
valuabletool for evaluatingandcommunicatingheresultsof shapeanalysisstudies.



Figure®6: 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 source visualizationtool for inspectingvarious data sets on surface meshes.
KWMeshMsu supportsthe mostcommonly encounterediatatypes, suchas scalarmaps,vectorfi elds,
ellipsoidfi eldsandspacecurves. We have shavn how thistool is beingusedin shapeanalysisstudies.As
demonstrateéh this paper KWMeshMsu is a powerful tool sinceit addressethe visualizationneedsfor
variouscommondatatypesn a singleervironmentthroughanintuitive userinterface. It alsohasscripting
abilitiesthatarecorvenientfor automatiorpurposes.

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

KWMeshMsu is atypical exampleof how variousopensourcelibraries canbe usedtogetherto createa
tool. In thiswork, variouscomponentsrom ITK, VTK andKWWidgetsareusedtogetherto form a pow-
erful visualizationtool. The meshis readthroughlTK metameshl/O interface,andis internally corverted
to VTK PolyDataformat usingthe itkMeshTovtkPolyD  ata classfrom InsightApplicationstoolkit. The
datasetarestoredasPointDatain the PolyDatastructure.For the vectorfi eld andellipsoidfi eld visual-
izations,VTK' s Glyph structureis usedto effi ciently renderthe numerousobjectsthatareintroducedto
the scene KWWidgetsgreatlysimplifi estheuserinterfaceissuessinceit hasbuilt-in supportfor mary of
the VTK componentshatareused,like the ColorTransferFuncti on usedfor the coloring parametersf
thevisualization.
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