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Chapter 1

Intr oduction

amira is a 3D visualizationandmodellingsystem.It allows you to visualizescienti ¢ datasetsfrom

variousapplicationareasg.g. medicine biology, chemistry physics,or engineering.3D objectscan
berepresentedsgridssuitablefor numericakimulationsnotablyastriangularsurfaceandvolumetric
tetrahedrafrids. amira providesmethodgo generatesuchgrids from voxel datarepresentingnim-

agevolume,andit includesa generalpurposeanteractive 3D viewer. Sectionl.1 (Overview) provides
a shortoverview of thefundamental®f amira, i.e. its object-orientedlesignandthe conceptof data
objectsandmodules.

Sectionl.2 (Featuresyummarizegey featureof amira, for exampledirectvolumerenderingjmage
processingandsurfacesimpli cation.

Sectionl.3 (Application Areas)illustratessometypical applicationareasof amira and shovs what
kinds of problemscanbe solvedusingthe system.

Sectionl.4 (Packs)shortlydescribe®ptionalpacksavailablefor amira andwhatthey canbeusedfor.

1.1 Overview

amira is amodularandobject-orientedoftwaresystem.ts basicsystencomponentaremodulesand

dataobjects.Modulesareusedto visualizedataobjectsor to performsomecomputationabperations
on them. The componentsarerepresentedy little iconsin the Pool. Iconsare connectedy lines

indicating processinglependenciebetweenthe componentsi.e., which modulesareto be applied

to which dataobjects. Data objectsof speci c typesare createdautomaticallyfrom le input data
whenreadingsuchor asouputof modulecomputationsgnodulesmatchinganexisting dataobjectare

createdasinstance®f particularmoduletypesvia a context-sensitve popupmenu. Networks canbe

createdwith a minimal amountof userinteraction. Parameterof dataobjectsand modulescanbe

modi ed in amira's interactionarea.
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Figure 1.1 Dataobjectsandmodulesarerepresentedslittle iconsin the Pool (top right). In the 3D graphicwindow a surface
coloredaccordingio its cunatureis shavn. Cunatureinformationhasbeencomputedoy acomputationamoduleandis stored
asaseparatelataobject. In themid right window the parametersf selectednodulesareshavn. Thelower left paneprovides
aTcl-commandshellaswell asaccesdo the helpbrowvser

For somedataobjectssuchassurfacesor colormapgshereexist special-purposmteractive editorsthat
allow the userto modify the objects. All amira componentsan be controlledvia a Tcl command
interface.Commandsanbereadfrom ascript le orissuedmanuallyin aseparateonsolewindow.

The biggestpart of the screenis occupiedby a 3D graphicswindow. Additional 3D views canbe
createdif necessary amira is basedon the latestreleaseof the Openinventorfrom Mercury. In
addition, several modulesapply direct OpenGLrenderingto achieve specialrenderingeffectsor to
maximizeperformance.ln total, therearemorethan 120 dataobjectand moduletypes. They allow
the systemto be usedfor a broadrangeof applications.Userde ned extensionsarefacilitatedby the
amira developerversion.

1.2 Features

amira provides a large numberof moduletypesallowing you to visualize variouskinds of scien-
tic dataaswell asto createpolygonalmodelsfrom 3D images.All visualizationtechniquesanbe
arbitrarily combinedo produceasinglescene Moreover, multiple datasetscanbevisualizedsimulta-
neouslyeitherin severalviewerwindows or in acommonone.A built-in transformatioreditormakes
it easyto registerdatasetswith respecto eachotheror to dealwith differentcoordinatesystems.
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1.2.1 DirectVolume Rendering

Oneof themostintuitive andmostpowerful techniquedor visualizing3D imagedatais directvolume
rendering Light emissionandlight absorptiorparametersreassignedo eachpoint of the volume.
Simulatingthetransmissiomf light throughthevolumemakesit possibleo displayyourdatafrom ary

view directionwithout constructingntermediatgpolygonalmodels. By exploiting moderngraphics
hardware,amira is ableto performdirectvolumerenderingalmostin realtime,evenfor datavolumes
of 40 megabytesand more. Volumerenderedmagescanbe combinedwith arny type of polygonal
display This improvesthe usefulnesof this techniquesigni cantly. Moreover, multiple datasets
canbevolumerenderedsimultaneously- a uniquefeatureof amira. Transferfunctionswith different
characteristicsequiredfor direct volumerenderingcan either be generatecautomaticallyor edited
interactvely usinganintuitive colormapeditor.

1.2.2 Isosurfaces

Isosurficesaremostcommonlyusedfor analyzingarbitraryscalar elds sampledon a discretegrid.
Applied to 3D imagesthe methodprovidesa very quick, yet sometimesufcient methodfor recon-
structingpolygonalsurfacemodels.Besidestandardalgorithms,amira providesanimproved method
which generatesigni cantly fewertriangleswith verylittle computationabverheadln thiswaylarge
3D datasetscanbe displayedinteractizely even on smallerdesktopgraphicscomputers.Like other
polygonalmodels,isosuraicescanbe coloredin orderto visualizea secondndependentiataset. An-
otherhighlightcomprisegherealisticview-dependentvay of renderingsemi-transparersurfaces By
correlatingtransparengwith local orientationof the surfacerelative to theviewing direction,complex
spatialstructuresanbe understoodnuchmoreeasily

1.2.3 Segmentation

amira alsoprovidesa componenfor 3D imagesegmentationwith several special-purposéeatures.
This components calledimagesegmentatioreditor. It offersalarge setof segmentatiortools,rang-
ing from purely manualto fully automatic. Among others,the following tools are provided: brush
(painting),lasso(contouring) magicwand(regiongrowing), thresholdingintelligentscissorsgontour
tting (snales),contourinterpolationandextrapolationyarious lters includingsmoothingcleaning,
andconnectedcomponenganalysis.Althoughthedisplayis slice-orientedmary tools canbe applied
in both 2D and3D. Sincethe editor doesnot storecontourssurroundingregionsbut region labels,a
uniqueandwell-de ned classi cationis guaranteed.

1.2.4 SurfaceReconstruction

Oncethe interestingfeaturesin a 3D imagevolume have beenseggmented,amira is ableto create
a correspondingolygonalsurfacemodel. The surfacemay have non-manifoldtopologyif thereare

locationswherethreeor moreregionsjoin. Evenin this casethe polygonalsurfacemodelis guaranteed
to betopologicallycorrect,i.e. free of self-intersectionsFractionalweightswhich areautomatically
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generatedluring segmentationallow the systemto producesmoothboundaryinterfaces. This way
realistichigh-qualitymodelscanbeobtained evenif theunderlyingimagedataareof low resolutionor
containseverenoiseartifacts.Making useof innovative acceleratiotechniquessurfacereconstruction
canbeperformedvery quickly. Moreover, the algorithmis robustandfail-safe.

1.2.5 Surface Simpli cation

Surfacesimpli cation is anotherprominentfeatureof amira. It canbe usedto reducethe number
of trianglesin an arbitrary surfacemodelaccordingto a userde ned value. Thus, modelsof nite-
elementgrids, suitablefor beingprocessean low-endmachinescanbe generatedThe underlying
simpli cation algorithmis oneof the mostelaborateonesavailable. It is ableto presere topological
correctnessi.e., self-intersection€ommonly producedby other methodsare avoided. In addition,
the quality of the resultingmesh,accordingto measuregommonin nite elementanalysis,canbe
controlled.For example triangleswith longedger triangleswith badaspectatio canbesuppressed.

1.2.6 Generationof Tetrahedral Grids (Mesh Pack)

Mesh Pack allows you not only to generatesurfacemodelsfrom your databut alsoto createtrue
volumetrictetrahedragrids suitablefor advanced3D nite-elementsimulations.Thesegridsarecon-
structedusinga e xible advancing-frontalgorithm. Again, specialcareis takento obtainmesheof
high quality, i.e., tetrahedravith badaspectatio are avoided. Several different le formatsaresup-
ported,sothatthegrid canbe exportedto mary standardgimulationpackagesln thedeveloperversion
additional le formatscaneasilybeaddedby theuser

1.3 Application Areas

amira is successfulljpeingusedin a numberof differentapplicationareas Amongtheseare:

Medicine

Biology

Material Sciences
ComputationaFluid Dynamics
Physics

Geophysics

Astrophysics

Examplesrom thesedisciplinesareillustratedby several demoscriptscontainedn the onlineversion
of theusers guide.

6 Chapterl: Introduction



1.4

amira

Packs

packsareadditionalsetsof modulesproviding solutionsfor dedicatedapplicationareas Packs

canbeaddedo a standarcamira installationat ary time. For eachpacka separatéicenseis required.

Curre

Packs

ntly thefollowing packsareavailablefor amira 4.1:

amira Developer Pack allows you to developyour own custommodules, le readersand le
writersusingthe C++ programmindanguage.

amira VR Packis designedo enabletheuseof amira sadwanceddatavisualizationandanaly-
sisfeaturenimmersive VR systemsandtiled screercon gurations.It hasbuilt-in supportfor
ef cient multi-threadedenderingon multipipe systemsandfor distributedrenderingon cluster
systemausingapplication-leel distribution. This approacHeadsto optimal performancewith
minimal bandwidthrequirementsTrackingcapabilitiesallow for a trueimmersive experience
aswell asinteractionwith thevisualization.

amira Molecular Pack addsadwancedtools for the visualizationof molecules. It combines
amira's strongcapabilitiesfor 3D datavisualizationsuchashardware-acceleratedolumeren-
dering,with speci c toolsfor molecularvisualizationanddataanalysis suchasmolecularsur

facessequencalignmentcon gurationdensitycomputationandmoleculetrajectoriesamira

MolecularPackincludesa very powerful moleculeeditor.

amira Mesh Pack supportsmeshgeneratiorfor o w, stressandthermalanalysis;for export
of surfaceor 3D meshedo solvers; andfor post-processingf datacoming backfrom these
solvers,providing very powerful visualizationon scalar vector andtensor elds.

amira Large Data Pack allows amira to dealwith datasetsup to 8GB. This allows you go
beyond the limit of 32-bitsaddressingand averagesize datasets. For datasetssmallerthan
1GB, aLarge DataPacklicenseis not necessary

amira Very Large Data Pack managesndvisualizesvery large amountsof volumedata,up
to hundredof gigabytes Themulti-resolutiontechniqueausedin this packallows for interactve
visualizationandnavigationthroughvastamountsf data.

amira Quanti cation+ Pack includesnew imageprocessingapabilityaswell asimageanal-
ysisandquanti cationtools. Very powerful for materialsciencesthis packallows for ef cient
statisticalanalysisof datain this applicationarea.

amira DICOM Readerallows for import/exportof DICOM datain amira, makingamira the
perfectapplicationfor medicaldataanalysis.

amira SEG-Y Readerallows for importof SEG-Y datain amira, makingamira avery powver-
ful applicationfor building visualizationson oil andgasdatasets.Coupledwith theamira Very
LargeDataPack, it allows for explorationof hugereserwir datasets.



CATIA 4, CATIA 5, IGES, and STEP readersfor amira allow the visualizationdatacom-
ing from the CAD eld. Coupledwith amira VR Pack, thesereadersbring CAD modelsto
immersve visualizationandcollaboratve ervironments.

TNO Madymo For amira allows amira to build visualizationgrom datain the Madymo le
format. MADYMO is the world-wide standardor occupantsafetyanalysis. It is usedexten-
sively in industrialengineeringdesignof ces, researchaboratoriesandtechnicaluniversities.

MecalogRadiossFor amira allows amira to build visualizationdrom datain the Radiossle
format. Radiossfrom Mecalogis a CAE softwarepackageor realisticindustrialsimulationsof
appliedmechanicdasedn explicit nite elementechniques.

ResoleRT Pack supportamicroscoyy featuresaswell asdecorvolution.

Skeleton Pack supportgeconstructiorandanalysisof vascularanddendriticnetworks.

Thefollowing tableshaws the licensekeyword associateavith eachof theamira packs:

amira Pack Licensekeyword
DeveloperPack AmiraDev

VR Pack AmiraVR
MolecularPack AmiraMol
MeshPack AmiraMesh
LargeDataPack AmiralLD

Very Large DataPack AmiraVLD
Quanti cation+Pack AmiraQuant

DICOM reader AmiraDicomReader
SEG-Yreader AmiraSeyyReader
CATIAS reader AmiraCatia5Reader
CATIA4 reader AmiraCatia4Reader
IGESreader AmiralgesReader
STEPreader AmiraStepReader

TNO Madymoreader ~ AmiraMadymoReader
MecalogRadiosseader AmiraRadiossReader
ResoheRT Pack ResoheRT
SkeletonPack AmiraSlel

For additional information about amira and its packs, pleaserefer to the amira web site,
wwwmc.com/tgs
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Chapter 2

First stepsin amira

This chaptercontainsstep-by-stegutorials illustrating the use of amira. The tutorials are almost
independenbf eachother, so afterreadingthe basicsin the Getting Startedsectionit is possibleto
follow eachtutorial without knowing the others. If you go throughall tutorialsyou will geta good
suney of amira's basicfeaturesIn particular thesetopicswill be covered:

Gettingstarted the basicsof amira

Readingmages how to readimages

Visualizing3D images- slices,isosurficesyolumerendering
Imageseggmentationr sggmentatiorof 3D imagedata
Surfacereconstruction surfacereconstructiorfrom 3D images

Grid generation creatingatetrahedragrid from atriangularsurface
Warping- how to work with landmarksets

3D imageregistration- how to register3D imagedatasets

Alignmentof 2D PhysicalCross-Sectionshow to reconstruct 3D model
Vector®elds- streamlinesandothertechniques

The DemoMaler module- creatinganimationswith the DemoMalermodule
Creatingmovie ®les- how to usethe MovieMaker module
UsingMATLAB - how to usethe CalculusMatlabmodule

In all tutorialsthe stepsto be performedby the useraremarked by a dot. If you only wantto geta
quick ideahow to work with amira you may skip the explanationdbetweersuccessie stepsandjust
follow theinstructions But in orderto getadeepeunderstandingou shouldreferto thetext.

Note: If youwantto visualizeyour own data,pleaserst referto Section4.1 This sectioncontains
somegenerahintson how to import datasetsinto amira.



2.1 Getting Started

In this sectionyouwill learnhow to

1. starttheprogram

2. loadademodatasetinto the system

3. invoke editorsfor editingthedata

4. connectisualizationmodulegto thedata
5. interactwith the 3D viewer.

Thefollowing text hastheform of ashortstep-by-steputorial. Eachstepbuilds onthestepsdescribed
before. We recommendhat you readthe text online and carry out the instructionsdirectly on the
computer Instructionsare indicatedby a dot so you can executethem quickly without readingthe
explanationdetweertheinstructions.

OnaWindows systemselecttheamira iconfrom thestartmenu.OnaUnix systemstartamira
by enteringamira in ashellwindow.

If thereis no suchcommandthe softwarehasnot beenproperlyinstalled. In this casetry to execute
thescriptbin/start locatedin theamira rootdirectory

Whenamira is running,a window like the oneshowvn in Figure 2.1 appearson the screen.The user
interfaceis dividedinto four majorregions. The 3D viewerwindow displaysvisualizatiorresultse.g.,
slicesor isosurfices. The Poolwill containsmalliconsrepresentinglataobjectsand modules.The
PropertiesAreadisplaysinterfaceelementgports) associateavith amira objects. Finally, the lower
left paneis sharedby theconsoleandamira's integratedhypertet helpbrowser Click ontheConsole
or Help tab to selectwhich window you wantto view. The consoleprints systemmessageandlets
you enteramira commandsYou canusethe helpbrowserto readthe users guideonline.

You canalsoactivatethe helpbrowserby pressing-1, selectingUser's Guidefrom the Help menuof
amira's mainwindow, or by typing help in theconsolewindow.

2.1.1 Loading Data

Usually, the rst thing youwill do afterstartingamira is to load a dataset. Let's seehow this canbe
done:

ChooseOpenData ... from the File menu.
After selectingthis menuitem, the le dialogappeargseeFigure2.2). By defaultthe dialogdisplays

the contentsof the rst directoryde ned in the environmentvariable AMIRA DATADIR If no such
variableexiststhe contentsof amira's demodatadirectoryaredisplayed.You canquickly switchto
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Figure 2.1 Theamira userinterfaceconsistsof ve major parts:the 3D viewer (1), the Pool (2), the PropertiesArea (3), the
consolewindow (4), andthe helpbrowser(5).

otherdirectoriesg.g.,to thecurrentworking directory usingthedirectorylist locatedin theupperpart
of thedialogwindow.

At thetop of the Poolis an OpenDatabuttonwhich is a shortcutto the File/OpenDatadialog. You
may useit for openingdata les in thetutorialsthatfollow. However, thetutorialswill instructyouto
usetheFile/OpenDatacommand.

amira is ableto determinemary le formatsautomaticallyeitherby analyzingthe le headeror the
le namesufx. Theformatof a particular le will be printedin the le dialogright besidethe le
name.

Now, wewouldliketo loadascalareld from oneof thedemodatadirectoriescontainedn theamira
distribution.

Changeo thedirectorydata/tutorials , Selectthe le lobus.am andpressOK.

The datawill beloadedinto the system.Dependingon its sizethis maytake a few secondsThe le
is storedin amira's native AmiraMeshformat. The le lobus.am contains3D imagedataof a part
of afruit y' s brain, namelyan optical lobe, obtainedby confocalmicroscopy. This meansthe data
represents seriesof parallel2D imageslicesacrossa 3D volume. Onceit hasbeenloaded the data
setappearsasagreeniconin thePool. In thefollowing we call this dataset“lobusdataset”.

Click onthe greendataicon with theleft mousebuttonto selectit.
This causesomeinformationaboutthedatarecordto bedisplayedn the Propertiedrea(Figure2.3).

In our casewe canreadoff the dimensionof the dataset,the primitive datatype,the coordinatetype,
aswell asthe voxel size. To deselectheicon, click on anemptyareain the Poolwindow. You may
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Figure 2.2 Datasetscanbe loadedinto amira usingthe le browser In mostcasesthe le formatcanbe determined
automatically Thisis doneby eitheranalyzingthe le headeror the le namesufx.

Figure 2.3 Dataobjectsarerepresentetly greeniconsin the Pool. Onceanicon hasbeenselectednformationaboutthe data
setsuchasits sizeor its coordinatetypeis displayedn the PropertiesArea.
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alsopick theicon with theleft mousebuttonanddragit aroundin the Pool.

Clicking onanobijecttypically causesdditionalbuttonsto bedisplayedn thebuttonareaatthetop of
the Pool. Thesebuttonsarecorveniencebuttonsallowing easyone-clickaccesgo the modulesmost
frequentlyusedby the selectedbject. Thetutorials,however, will have youto accessnodulesvia the
menuinterfaceto helpfamiliarizeyou with the organizationof moduleswithin amira.

2.1.2 Invoking Editors

After selectinganobject,in additionto thetextual information,somebuttonsappeaiin the Properties
Area, to thefarright of the dataobject's name.Thesebuttonsrepreseneditors which canbe usedto
interactively manipulatehedataobjectin someway. For example all dataobjectsprovideaparameter
editor. This editorcanbe usedto edit arbitraryattributesassociatedvith the dataset,e.g. lename,
original size,or boundingbox. Anotherexampleis thetransformeditor which canbeusedto translate
or rotatethe datain world coordinatesHowever, atthis pointwe don't wantto gointo details.We just
wantto learnhow to createanddeleteaneditor:

Froperties
(Crr— FAEA IEES

Indo: 128 = 128 x B7 bytes [22,, 254, urafoem coods
Vozel Size: 1.56563 4 1. 563563 « 1. 58386

Invoke oneof the editorsby clicking on aneditoricon.
Closethe editorby clicking againon the editoricon.

Furtherinformationaboutparticulareditorsis providedin the users referencemanual.

2.1.3 Visualizing Data

Dataobjectslik e thelobus datacanbe visualizedby attachingdisplaymodulego them. Eachiconin
the Pool providesa popupmenufrom which matchingmodulesj.e., modulesthatcanoperateon this
speci ¢ kind of data,canbe selectedTo activatethe popupmenu

click with theright mousebuttonon thegreendataicon. Chooseheentry calledBoundingBox
After you releasehe mousebutton, a new BoundingBoxmoduleis createdandis automaticallycon-
nectedto the dataobject. The BoundingBox objectis representedby a yellow iconin the Pooland
the connections indicatedby a blueline connectingheicons. At the sametime, the graphicsoutput
generatedyy the BoundingBoxmodulebecomewisible in the 3D viewer. Sincethe outputis notvery
interestingin this casewe will connecta secondlisplaymoduleto the dataset:

ChooseaheentrycalledOrthoSlicefrom the popupmenuof thelobusdataset.

GettingStarted 13
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Figure 2.4 In orderto attacha moduleto a dataset, click on the greenicon usingthe right mousebutton. A popupmenu
appeargontainingall moduleswhich canbe usedto procesghis particulartype of data.

Now a 2D slicethroughtheopticallobeis shavn in theviewerwindow. Initially, a slice orientedper
pendicularto the z-directionandcenterednsidethe imagevolumeis displayed.Slicesarenumbered
0,1, 2,andsoon. Theslicenumberaswell astheorientationareparametersf the OrthoSlicemodule.
In orderto changetheseparametersyou mustselectthe module. Like for the greendataicon, this
is doneby clicking on the OrthoSliceicon with the left mousebutton. By the way, in contrastto the
BoundingBoxthe OrthoSliceiconis orangejndicatingthatthis modulecanbe usedfor clipping.

Selectthe OrthoSlicemodule.

Now you shouldseevariousbuttonsandslidersin the PropertiesArea, orderedin rows. Eachrow
represents port allowing you to adjustoneparticularcontrol parameterUsually, the nameof a port
is printedat the beginning of arow. For example,the portlabeledSliceNumberallows you to change
theslicenumbervia aslider.

Selectdifferentslicesusingthe SliceNumbemport.
By default, OrthoSlicedisplayssliceswith axial orientation,i.e., perpendiculato the z-direction.
However, themodulecanalsoextractslicesfrom theimagevolumeperpendiculato x- andy-direction.

Thesetwo alternateorientationsare sometimeseferredto assagittal andcoronal (thesearestandard
phrasesisedin radiology).

2.1.4 Interaction with the Viewer

The 3D viewerletsyoulook atthemodelfrom differentpositions.If youclick onthe Tradkball button
in theviewer toolbar moving the mouseinsidethe viewer window with theleft mousebutton pressed
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Figure 2.5 Visualizationresultsaredisplayedn the 3D viewer window. Parameter®r portsof a modulearedisplayedn the
PropertieAAreaafteryou selectthe module.

letsyou rotatethe object.If you click onthe Translateor the Zoombuttons,you cantranslateor zoom
the object. (For zoom,move themouseup anddown.)

Alternatively, with the middle mousebutton pressed/ou cantranslatethe object. For zoomingpress
boththeleft andthe middle mousebuttonsatthe sametime andmove the mouseup or down.

Noticethatthemousecursorhastheshapeof alittle handinsidetheviewerwindow. Thisindicateghat
the viewer is in viewing mode. By pressinghe ESCkey you canswitch the viewer into interaction
mode. In this mode, interactionwith the geometrydisplayedin the viewer is possibleby mouse
operations. For example,whenusingOrthoSliceyou canchangethe slice numberby clicking on the
sliceanddraggingit.

Selectdifferentbuttonsof the Orientationport of the OrthoSlicemodule.
Rotatethe objectin amoregeneralposition.

Disablethe adjustview togglein the Optionsport.

Changehe orientationusingthe Orientationport again.

Choosdlifferentslicesusingthe SliceNumberportor directly in theviewer with theinteraction
modedescribedabove.

Eachdisplaymodulehasa viewer toggle by which you canswitch off the displaywithout removing
the module. This buttonis just to the right of the coloredbar wherethe modulenameis shovn as
illustratedbelow.

Deactvateandactivatethe displayof the OrthoSliceor BoundingBoxmoduleusingthe viewer
toggle.
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Figure 2.6: TheOrthoSlicemoduleis ableto extractarbitraryorthogonaklicesfrom aregular3D scalareld orimagevolume.
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If youwantto remove amodulepermanentlyselectit andchooseRemae Objectfrom the Pool menu.
ChooseRemaeeAll from the samemenuto remove all modules.

Remae the BoundingBoxmoduleby selectingits icon and choosingRemae Objectfrom the
Pool menu.

Remae all remainingmodulesby choosingRemaeAll Objectsfrom the samemenu.

Now the Poolshouldbe emptyagain. You may continuewith the next tutorial, i.e., theoneon scalar
®eld visualization

2.2 How to load imagedata

Loadingimagedatais oneof the mostbasicoperationdn amira. Otherthanwith 2D imagesthere
arenot mary standardizede formatscontaining3D images. This tutorial guidesyou by meansof
exampleson how to loadthedifferentkinds of 3D imagesinto amira. In particularthis tutorial covers
thefollowing topics:

1. UsingtheFile/OpenData... browserandsettingthe le format.
2. Reading3D imagedatafrom multiple 2D slices.
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3. Settingthe boundingbox or voxel sizeof 3D images.
4. TheStakedSlicesle format.
5. Working with LargeDiskData.

2.2.1 Theamira le browser

Imagedatais loadedin amirawith the File/OpenData... dialog. All ®le formatssupportedy amira
arerecognizecautomaticallyeitherby a dataheaderor by the le namesufx. Whatfollowsis only
of concernin thesecases:

Theautomaticle formatdetectiorfails.
3D imagedatais storedin several2D les.
Thedatais largerthanthe availablemainmemory

Settingthe le format

In mostcasegshe formatof a le is determinedautomatically eitherby checkingthe le headeror
by comparingthe le namesufx with alist of known sufx es. In theload dialogthe le formatis
displayedn a separat&olumnin detailview.

Example:

FilescontainingthestringAmiraMesh in the rst line areconsideredAmiraMesh les.
Fileswith thesufx .stlareconsidereSTL les.

If automatic le format detectionfails, e.g. becausesomenon-standarcgufx hasbeenused,the
format may be set manuallyusing the Format entry in the pop-upmenuof the Load dialog (right
mousebutton).

2.2.2 Reading3D imagedata from multiple 2D slices

A commonway to store3D imagedatais to write a separat&D image le for eachslice. The 2D
imagesnaybewrittenin TIFF, BMP, JPEG or ary othersupportedmage®le format In orderto load
suchdatain amira, all 2D slicesmustbe selectedgsimultaneouslyn the le browser Thiscanbedone
by clicking the rst le andshift clicking thelastone.

OpentheFile/OpenData... dialog.

Browseto the/Amira-4.1/data/multichannell/chann el/ directory
Selectthe rst le pvccal.0001.jpeg

Shift -click thelast le (pvccal.0048.jpeg ).

Click Load

Howto loadimage data 17
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Figure 2.7: The Formatoptionof the le browser
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Figure 2.8 Loadingmultiple 2D images
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Figure 2.9 Thede nition of theboundingboxin amira. Differentgrayshadeslepicttheintensityvaluesde ned ontheregular
grid (white lines). Theblacksquaredepictsthe extentof onevoxel. The outerframedepictsthe extentof theboundingbox.

2.2.3 Settingthe bounding box

Whenloadinga seriesof bitmapimagesusuallythe physicaldimensionf theimagesarenotknown
to amira. Thereforeanlmage ReadParametes dialogappearshatpromptsyou for enteringthephys-
ical extent of the boundingbox Alternatively, the size of a single voxel canbe set. In amira the
boundingbox of an objectis the smallestrectangularaxis-alignedvolumein 3D spacethatencom-
passeshe object. Notethat in amira the boundingbox of a uniform data setextendsfrom the center
of the r stvoxelto the centerof thelastone For example if youhave256 voxelsand you knowthe
voxelsizeto be 1 mm,the boundingbox shouldbe setto 0 - 255 (or to someshiftedrange).

Enter0.85in the rst andsecondext elds and3.5in third text eld of theVoxelSizeport.
Click OK.

This methodwill always createa datasetwith uniform coordinatesj.e., uniform slice distance.In
caseof variableslice distancesthe StacledSlicedormatshouldbe used.

2.2.4 The Stacked Slices le format

Especiallywith histologicalserialsectionsgt often happenghatslicesarelost during preparation.To

handlesuchcasesamira providesa specialdatatype correspondingo a le format, called Stacled
Slices This le formatallows a stackof individual image les to be readwith optional z- values
for eachslice. The slice distances not requiredto be constant. Theimagesmustbe one-channebr

RGBA imagesin animageformatsupportecby amira(e.g. TIFF). Thereaderoperateon an ASCII

descriptionle, whichcanbewrittenwith ary editor. Hereis anexampleof adescriptionle:

# Amira Stacked Slices
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# Directory where image files reside
pathname C:/data/pictures

# Pixel size in x- and y-direction
pixelsize 0.1 0.1

# Image list  with z-positions

picturel.tif 10.0
picture?.tif 30.0
picture13.tif 60.0
colstars.jpg 330.0
end

Someremarkson the syntax:

# Amira Stacked Slices isanoptionalheadethatallowsamirato automaticallydeter
minethe le format.

pathname is optionalandcanbe includedif the picturesarenotin the samedirectoryasthe
descriptionle. A spaceseparatethetag’pathname™from theactualpathname.

pixelsize is optional,too. The statemenspeci esthepixel sizein x- andy-directions.The
boundingbox of theresulting3D imageis setfrom 0 to pixelsize*(numberf_pixels-1).

picturel.tif 10.0 isthenameof thesliceandits z-value,separatethy aspacecharacter
end indicategheendof thedescriptionle.
Commentareindicatedby a hash-marlcharacte(#).

2.2.5 Working with LargeDisk Data

Sometimesmagedataaresolargethatthey do not t into the main memoryof the computer Since
the amira visualizationmodulesrely on the factthatdataarein physicalmemory this would mean
thatsuchdatacannotbe displayedin amira. To overcomethis, a specialpurposemoduleis provided
thatleavesmostof thedataon disk andretrievesonly auserspeci ed subvolume. This subvolumecan
thenbevisualizedwith the standardrisualizationmodulesin amira.

UsetheFile/OpenData...dialogandgo to c:/Prograntiles/Amira-4.1/data/medical/
Right-click onthereg005.ctdata.arandselectthe Formatentryfrom the pop-updialog
SelectAmiraMeshas LargeDiskDataasformatandcon rm your choicewith OK.
Presgheloadbutton.

The datawill be displayedin the Pool asa regular greendataicon. The info line indicatesthat it
belonggo the dataclassHxRawAsExternalData

Rightmouseclick, attacha BoundingBoxmodule.
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Figure 2.10 Theusageof AmiraMeshasLargeDiskData For instantaneouspdate the auto-refreshcheckboxesof the Access
andlsosurfacemoduleshave beenchecled

Right mouseclick, attachan Accessnodule.
Selectthe Accessnodulein the Poolandenter224,161,and59 into the BoxSizaext elds.
CheckSubsamplandenter4 4 2 into the Subsampleelds andpressthe Apply button.

This retrievesa down-sampledsersionof the data. Disconnecthe reg005.viev.amdataicon from the
Accesgnoduleanduseit asanoverview (e.g.with OrthoSlic§.

Selectthe Accessnodulein the Poolanddeselecthe subsampleheckbox.
Usethedraggerboxin theviewerto resizethe subsolume.

Presghe Applybutton.

Attachanlsosurfacemoduleto thereg005.viev2.am(setthresholdsetto 100).

Tip: To browsethe data,checkthe auto-refreshcheckbox for the Accessand Isosurfacemodules.
Now eachtime theblue subvolumedraggeris repositionedthevisualizationis updatedautomatically

Loading AmiraMesh StadedSlices and Raw "asLageDiskDatd is a corvenientand fastway of
exploring datathat exceedthe size of systemmemory However, especiallywith StakedSlicesit is
notalwaysthemostef cient way of doingthis. amira canstoretheimagedatain a speciafformatthat
facilitatestherandomretrieval of datafrom disk.

Choosdrom the Create/DatamenuCorvertToLargeDiskData
Click Browsefrom the Input port.

Click Add, go to /Amira-4.1/data/medical/ andselectreg005.ctdata.am , then
click Load

Click Browsefrom the Outputport.
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Figure 2.11 Thelnputdialogof the ConvertToLargeDiskDatamodule.

Goto C:/tmp/ andentera lename of your choice.
Presghe Applybutton.

Althoughyouwill mostlikely notnoticeary differencewith thesmallimagedatausedin this tutorial,
this methodfor retrieving large datasigni cantly acceleratethe Applyoperation.

2.3 Visualizing 3D Images

This sectionprovides a step-by-stegntroductionto the visualizationof regular scalar elds, e.g.,
3D imagedata. amira is ableto visualizemore complex datasets,suchasscalar elds de ned on
curvilinearor tetrahedrabrids. Neverthelessin this sectionwe considerthe simplestcase,namely
scalar elds with regular structure. Eachstepbuilds on the stepbefore. In particular the following
topicswill bediscussed:

. orthogonaklices

. simplethresholdseggmentation
. resamplinghedata

. displayinganisosurfice

. croppingthe data

. volumerendering

O~ WN PP

We startby loadingthe datayou alreadyknow from Section2.1 (GettingStarted):a 3D imagedataset
of apartof afruit y' sbrain. Thedatasethasbeenrecordedvith aconfocallaserscanningmicroscope
atthe University of Wuerzturg.

Loadthe le lobus.am locatedin subdirectorydata/tutorials
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Figure 2.12 Lobusdatasetvisualizedusingthreeorthogonaklices.

2.3.1 Orthogonal Slices

The fastestandin mary casesmost “standard”way of visualizing 3D imagedatais by extracting
orthogonalslicesfrom the 3D dataset. amira allows you to display multiple sliceswith different
orientationssimultaneouslyvithin asingleviewer.

Connecta BoundingBoxmoduleto the data(useright mouseon lobus.am).
ConnectanOrthoSlicemoduleto thedata.

Connecta secondandthird OrthoSlicemoduleto the data.
SelectOrthoSliceZandpressxz or coronal in the Orientationport.
Similarly, for OrthoSlice3chooseyz or sagittal orientation.

Rotatethe objectin the viewerto a moregeneralposition.

Changehe slice numbersof the threeOrthoSlicemodulesin the respectie portsor directly in
theviewer asdescribedn sectionGettingStarted.

In additionto the OrthoSlicemodule,which allows you to extractslicesorthogonalo the coordinate
axes,amira alsoprovidesa modulefor slicing in arbitraryorientations.This moregeneralmoduleis

calledObliqueSlice You might wantto try it by selectingit from the Display submenwf the lobus

datapopupmenu.

2.3.2 Simple Data Analysis

The valuesof the data window port of the OrthoSlice module determinewhich scalarvaluesare
mappedto black or white, respectiely. If you choosea rangeof e.g.,30...100,ary value smaller
or equalto 30will becomeblack,andall pixelswith anassociategtalueof morethen100will become
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Figure 2.13 By adjustingthedatawindow of the OrthoSlicemodulea suitablevaluefor thresholdsegmentatiorcanbe found.
Intensityvaluessmallerthanthe min valuewill be mappedo black,intensityvaluesbiggerthanthe maxvaluewill bemapped
to white.

white. Try modifying the range. This port providesa simpleway of determininga threshold which

later canbe usedfor segmentationge.g.,in biology or medicineto separatdackgroundixels from

anatomicaktructures.This canbe mosteasily doneby makingthe minimum and maximumvalues
coincide.

Remaetwo of the OrthoSlicemodules.
SelecttheremainingOrthoSlicemodule.
Make surethatthe mappingtypeis setto linear.

Changethe minimum and maximumvaluesof the datawindow port until thesevaluesarethe
sameand a suitablesegmentationresultis obtained. For this dataset85 shouldbe a good
thresholdvalue.

A morepowerful way of quantitatvely examiningintensityvaluesof a datasetis to usea dataprobing
module PointProbe or LineProbe However, we will not discussthesemodulesin this introductory
tutorial.

2.3.3 Resamplingthe Data

Now we are going to computeand display an isosurface Before doing so, we will resamplethe
data. The resamplingprocesswill producea datasetwith a coarserresolution. Although this is
not necessaryor the isosurficetool to work, it decreasesomputationtime andimprovesrendering
performanceln addition,youwill getacquaintedvith anothertype of module. The Resamplenodule
is acomputationamodule. Computationamodulesarerepresentetdy redicons. Typically you must
pressthe greenApply button at the bottomof the PropertiesAreato startthe computation.After you
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Figure 2.14 Lobusdatasetvisualizedin 3D usinganisosurfce.

pressthis buttonthey producea new dataobjectcontainingtheresult.

Connecta Resamplenoduleto thedataandselectit.
Entervaluesfor acoarseresolutione.g.,x=64,y=64,z=43.
Presghe Applybutton.

A new greendataicon representinghe outputof theresamplecomputatiomamedobus.Resampleid
created.Youcantreatthisnew datasetlik etheoriginallobusdata.ln thepopupmenuof theresampled
lobusyouwill nd exactlythe sameattachablenodulesandyou cansase andloadit lik e the original
data.

You maywantto comparethe resamplediatasetwith the original oneusingthe OrthoSlicemodule.
You cansimply pick the blueline indicatingthe dataconnectioranddragit to a differentdatasource.
Whenever the mousepointeris over a valid source the connectionline appearsighlightedin lighter
blue.

2.3.4 Displaying an Isosurface

For 3D imagedatasetsjsosurficesareusefulfor providing animpressiorof the 3D shapeof anobject.
An isosurficeenclosesll partsof avolumethatarebrighterthansomeuserde ned threshold.

Turn off the viewer toggleof the OrthoSlicemodule.
Connectanlsosurfacemoduleto the resamplediatarecordandselectit.
Adjustthethresholdportto 85 or asimilar value.

Presghe Applybutton.
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2.3.5 Cropping the Data

Croppingthe datais usefulif you areinterestedn only a partof the eld. A cropeditoris provided
for this purposelts useis describedelow:

Remwetheresampledlatalobus.Resampled
Activatethedisplayof the OrthoSlicemodule.
Selectthelobus.amdataicon.

Click onthe Crop Editor buttonin the PropertiesArea.

A new window popsup. Therearetwo waysto crop the dataset. You can eithertype the desired
rangesof x, y, andz coordinatesnto the crop editor'swindow or puttheviewer into interactionmode
andadjustthe cropbox usingthe greenhandledirectly in the viewer window.

Puttheviewerinto interactionmode.

With theleft mousebutton, pick oneof thegreenhandlesattachedo thecropvolume.Dragand
transformthe volumeuntil the partof thedatayou areinterestedn is included.

PresOK in the cropeditor's dialogwindow.

The new dimensionsof the datasetaregivenin the PropertiesArea. If you wantto work with this
croppeddatarecordin later sessiongyou shouldsave it by choosingSaveData As ... from the File
menu.

As you alreadymight have noticed the crop editoralsoallows you to rescalehe boundingbox of the
dataset. By changingthe boundingbox alone,no voxelswill be cropped.You may alsousethe crop
editorto enlagethe dataset,e.g.,by enteringa negative valuefor the k min number In this casethe

rst sliceof thedatasetwill beduplicatedasmary timesasnecessaryAlso, theboundingboxwill be
updatecautomatically

2.3.6 Volume Rendering

VolumeRenderings avisualizationtechniquehatgivesa 3D impressiorof thewholedatasetwithout
segmentation.The underlyingmodelis basedon the emissionandabsorptiorof light that pertainsto
every voxel of theview volume. Thealgorithmsimulateghe castingof light raysthroughthe volume
from pre-setsources.It determineshow muchlight reachesachvoxel on the ray andis emittedor
absorbedy thevoxel. Thenit computesvhatcanbe seenfrom the currentviewing point asimplied
by the currentplacemenbf the volumerelative to the viewing plane,simulatingthe castingof sight
raysthroughthe volumefrom theviewing point.

Youcanchoosebetweerntwo differentmethoddor thesecomputationsmaximunintensityprojections
or anordinaryemission-absorptiomodel.

Remae all objectsin the Poolotherthanthelobus.amdatarecord.
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Figure2.15 Thecropeditorworksonuniformscalarelds. It allowsyouto cropadataset,to enlageit by replicatingboundary
voxels, or to modify its coordinatesi.e. to scaleor shift its boundingbox.

Connecta \oltex moduleto thedata.
Selectthedataicon andreadoff therangeof datavaluesprintedonthe rst info line (22...254).
Selectthe Voltex moduleandentertherangein the Colormapport.

Pressthe Apply buttonin orderto perform sometexture preprocessingvhich is necessaryor
visualizingthedata.

By default, emission-absorptiomolumerenderingis shovn. The amountof light beingemittedand
absorbedy avoxel is takenfrom the color andalphavaluesof the colormapconnectedo the \Voltex
module. In our examplethe colormapis lessopaquefor smallervalues. You maytry to setthe lower
boundof the colormapto 40 or 60 in orderto get a betterfeeling for the in uence of the transfer
function In orderto computemaximunintensityprojectionschoosehe mip optionof port Options

Internally, the voltex modulemakesheary useof OpenGLtexture mapping.Both texture modes2D

and3D, areimplemented3D texturesyield slightly betterresults.However, thismodeis notsupported
by all graphicsboards.The 3D texture moderequiresyou to adjustthe numberof slicescut through
theimagevolume. The higherthis numberthebettertheresultsare.

Alternatively, 2D texturescanbe usedfor volumerendering.In this case slicesperpendiculato the
major axesareused.You may obsene how the slice orientationchangesf you slowly rotatethe data
set. The2D texturemodeis well suitedfor mid-rangegraphicavorkstationsvith hardwareaccelerated
texture mapping.If your computerdoesnot supporthardwaretexture mappingat all, you shoulduse
visualizationtechniquestherthanvolumerendering.

Make surethe mip buttonof port Optionsis unchecled.
If 3D texturemodeis enabledchooseabout200slices.
Click with theright mousebutton on port ColormapandchoosevolrenRed.ical
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Figure 2.16 The \oltex modulecanbe usedto generatanaxmimumintensity projectionsaswell asvolumerenderingdased
onanemission-absoprtiomodel.In bothcases2D or 3D texture mappingtechniquesanbe appliedapplied.

SetlLookupto RGBA andchangethe min andmaxvaluesof the colormapto 40 and150.
Finally, pressApplyin orderto initialize the Voltex textures.

Whenever you choosea differentcolormapor changethe min and max valuesof the colormap,you
mustpressthe Apply buttonagain.This causesheinternaltexture mapsto berecomputedAn excep-
tion are SGI systemswith In nite Reality graphics.On theseplatformsa hardware-speci cOpenGL
extensionis exploited, causingcolormapchangedo take effectimmediately

2.4 Segmentationof 3D Images

By following this step-by-stegutorial you will learnhow to interactvely createa sggmentationof
a 3D image. A sggmentationassigngto eachpixel of the imagea label describingto which region
or materialthe pixel belongs.e.g.,boneor the kidney. The sgmentations storedin a separatalata
objectcalleda LabelField A sggmentatioris the prerequisitdor surfacemodelgeneratioror accurate
volumemeasurement.

Thistutorial compriseghefollowing steps:

1. Creationof anemptyLabelField.

2. Interactve editingof thelabelsin the ImageSegmentatiorEditor.
3. Measuringthevolumeof the sgmentedstructures.

4. An alternatve segmentatiormethod:Thresholdsegmentation.

28 Chapter2: Firststepsin amira



2.4.1 Interactive Image Segmentation

Loadthelobus.amdata le from thedirectorydata/tutorials
Rightclick onthegreenicon andchoosd abelFReld from the Labellingsection.

A new greenicon appearsthe LabelFieldthatwill hold the sggmentatiorresults.Simultaneouslythe
imagesegmentatioreditoris displayedn the 3D viewer pane.

By default, the segmentationeditor operatesn 4-viewer mode. In this mode,three2D viewerswith
differentorientationsandan additional3D viewer aredisplayed.

The tools of the sgmentatioreditor are displayedwherethe Pool and PropertiesArea are normally
displayed.You canclick on the tabsat thetop of this region to switch betweerthe two displays.For
this tutorial, you'll wantto displaythe segmentatiortools.

Usethe mouseto expandtheviewer sothatyou have moreroomto maneuerin.

In thelower right view, usethe slideron the bottomto scroll throughthe slices.Go to slice 20.
You seetwo biggerstructuresandonestructurgust appearingpn thetop.

If necessaryclick ontheseconduttonunderthelabelZoomandData Windowto zoomoutthe
datasothatyou have aview of theentireslice.

Click onthe secondouttonunderthelabel Tools, the brush.

Mark therightmoststructurewith themouse Hold down the controlbuttonto unselecivrongly
selectedpixelsif necessary

When done, selectthe entry Insidein the Materials list. Thenclick the + button underthe
Selectiorlabel.

Thepreviously selectedixelsarenow assignedo thematerialinside. You canright click ontheentry
Insidein the Materialslist andchoosea differentdraw style (for example,dotted).

Click into the materiallist andchooseNew Material from theright buttonmenu.

Mark themiddlestructureusingthebrush selecthenen materialin the Materialslist andassign
thepixelsto thatstructure.

Goto slice21 andpracticeby segmentingthetwo structures.

Hint: If you preferto work with onelarger view ratherthanfour smallerviews, click on the Lay-
outl buttonin the viewer toolbar To cycle througheachof the four views, pressthe Layoutlbutton
repeatedlyTo returnto 4-viewer mode,pressthe Layout4button.

If astructuredoesnotchangealot from sliceto slice,you canuseinterpolation.

Goto slice 22 andmarkthe right structureusingthe brush. Go to slice 31 andmark the same
structure.

Choosdrom themenubar: Selection/Interpolate.
Scrollthroughthe dataset. You shouldseethatthein betweerslices23to 30 areselectedoo.
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Figure 2.17 Imageseggmentatioreditorafterselectingandassigningpixelsfor two structuresn oneslice

In orderto assigrtheselectegixelsin all slicesto the Insidematerial,selecthe Insidematerial
in thelist, thenclick the+ button.

Repeathe procedurébetweerslice 32 and50.
Repeathe procedurdor themiddle structure.

It is highly recommendetb frequentlysave the segmentatiorresultswhile working. In orderto
do so,selectthelabel eld in the amira mainwindow andchooseSaveor SaveAs... from the
amira File menu.

The brushis only the mostbasicsegmentationtool. The segmentationeditor provides mary
morefunctionsthataredescribenits referencgpage

Thereare mary usefulkey bindings,including SFACE and BACKSFACE to changethe slice
numberor "d” to togglethedraw style.

Of courseyou cangive the materialsmoremeaningfulnamesor colorsusingthe context menu
(right mousebuttonin thelist).

At this pointyou maywantto closethe editorby pressinghe Closebutton. Save thelabel eld. In the
next tutorial youwill learnhow to createa 3D surfacemodelfrom the segmentatiorresults.

2.4.2 Volume Measurement

Onceastructureis sggmentedyou caneasilymeasurets volume:

30

Rightclick onthe LabelFields greenicon. ChooseMeasue/TissueStatistics
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Presghe Applybutton. A new icon appears.
Selectthisicon andpressthe Showbutton.

The unitsin thevolumecolumndependon the unitsyou have speci ed the voxel size. In caseof the
lobus.am thevoxel sizeisin m , thereforethevolumeisin m 3.

2.4.3 ThresholdSegmentation

We now describean alternatve way of sggmentationwhich canrequirelessmanualinteraction,but
only worksfor imageswith goodquality.

In somecases satisfyingsegmentatiorcanbeachiezedautomaticallypbasedsolelyonthegrayvalues
of theimagedataset.

The rst stepis to separatehe objectfrom the background.This is doneby segmentingthe volume
into exterior andinterior regionson the basisof thevoxel values.

Loadthelobus.amdatarecordfrom the directorydata/tutorials
Attacha Label\bxelmoduleto the dataicon andselectit.

Type85intothetext eld of portExterior-Inside Youmayalsodeterminesomeotherthreshold
thatseparatesxterior andinterior asdescribedn thetutorial on ImageDataVisualization.

Presghe Applybutton.

By this procedureeachvoxel having a valuelower thanthethresholds assignedo Exterior andeach
voxel whosevalueis greateithanor equalto thethresholds assignedo Interior. This may, however,

causeartifactsthat are not part of the objectbut which have voxel valuesabore the thresholdto be
assignedo theinterior. This canbe suppresseby settingthe remaore coudh optionwhich assureshat
only the biggestcoherentareawill belabeledasthe interior andall othervoxels areassignedo the
exterior.

After you pressthe Apply button, a new dataobjectis computedand its icon appearsn the Pool.
The dataobjectis denotedlobus.Labels It is of type LabelField represents cubic grid with the
samedimensionsaslobus.am andcontainsaninterior or exterior labelfor eachvoxel accordingo the
segmentatiorresult.

2.4.4 Re ning ThresholdSegmentationResults

You canvisualizeandmanuallymodify a LabelFieldby usingamira's imagesegmentatioreditor. A
more detaileddescriptionof this tool is containedin the User's Referenceguide. Here,we usethe
imagesegmentatioreditorto smooththe datain orderto getanicerlooking surfaceof the object.

Selectthe lobus.Labelscon andclick on the ImageSegmentatioricon in the greentitle barin
thePropertiedArea.
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Figure 2.18 Datafrom confocalmicroscop is segmentedusingamira’s imagesegmentatioreditor

In responseéheimagesegmentatioreditoris poppedup.

In thelower right view, usethe slideron the bottomto selectslice 39.

Chooseamagni cationratio of 2:1 by pressinghe zoom-upbuttonin theZoomandDataregion
of the editor.

Theimagesegmentatioreditor shovs theimagedatato be sggmentedlobus.an) aswell asbrownish
contourgepresentinghebordersbetweennteriorandexteriorregionsascontainedn thelobus.Labels
dataobject. As you cansee the bordersarenot sosmoothandtherearemary little islands,bordered
by brownishcontours.Thisis whatwe wantto improve now.

32

ChooseRemaee Islandsfrom the editor's Sgmentationrmenu. In responsea little dialogwin-
dow appears.

In thedialogwindow selecttheall slicesmode. ThenpressRemeein orderto applythe Iter
in all slices.Note how the sggmentatiorresultsbecomdessnoisy.

To further cleanup the image, chooseSmoothLabelsfrom the editor's Segmentationmenu.
Anotherdialogbox appears.

Selectthe 3D volumemodeandpressthe Apply buttonin orderto executethe smoothingopera-
tion.

To examinethe resultsof the Iter operationsprowsethroughthelabel eld slice by slice. In
additionto theslice slideryou mayalsousethe cursorup andcursordown keys for this.

Click onthe Closebuttonto closetheimagesegmentatioreditor.
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2.5 SurfaceReconstructionfrom 3D Images

By following this step-by-steputorial, you will learnhow to generate triangularsurfacegrid for an
objectembeddedn a voxel dataset. A surfacegrid allows for producinga 3D view of the object's
surfaceandcanbeusedfor numericalsimulations.

Thegeneratiorprocesonsistof thesesteps:

1. Extractingsurfacesrom segmentatiorresults
2. Simplifying the surface

As a prerequisitéor the following steps,you needa label eld, which holdsthe resultof a previous
imagesegmentation.You caneitherusethelabel eld which you createdn the previous tutorial or
loadthe providedlobus.labeldatasetfrom the data/tutorialsdirectory

2.5.1 Extracting Surfacesfrom SegmentationResults

Now we let amira construcia triangularsurfaceof the sggmentedbject.

Connecia SurfaceGemmoduleto thelobus.Labelsglata.
Presghe Applybutton.

The option add border ensureghat the createdsurfacebe closed. A new dataobjectlobus.surfis
generatedAgain, it is representely agreeniconin the Pool.

2.5.2 Simplifying the Surface

Usually the numberof trianglescreatedby the SurfaceGemmoduleis far too large for subsequent
operationsThus,the numberof trianglesmustbereducedn a surfacesimpli cation step.In amira a
SurfaceSimpli®cationEditoris providedfor this purpose.

Selectthe surfacelobus.surf
Click onthe Simpli er button(trianglemeshicon)in the PropertiesArea.
Setthedesiredhumberof faceso 3500in the Simplifyport.

Turnonthefasttogglein the Optionsport. This optiondisablessometime-consumingntersec-
tion tests.

Pushthe Simplifynow buttonin the Actionport.

The numberof trianglesis reducedto about3500now. The progesshar tells you how muchof the
simpli cation taskhasalreadybeendone.

To examinethesimpli ed surface,attacha Surface \ew moduleto thelobus.surfdataobject.
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Figure 2.19 Surfacerepresentationf opticallobusastriangulargrid

The Surfaceew modulemaintainsaninternalbuffer anddisplaysall trianglesstoredin this buffer. By

defaultthe buffer shovs all trianglesforming the boundaryto the exterior. If youchangetheselection
atthe Materials port, the newly selectedrianglesarehighlighted,i.e., they aredisplayedusingared

wireframerepresentationThe Add andRemae buttonscausethe highlightedtrianglesto beaddedto

or removedfrom the buffer, respectiely. You may easilyvisualizea subsebf all trianglesusinga 3D

selectiorbox or by drawing contoursn the 3D viewer. Presghe Clear button of the Buffer portto see
thedisplayshaovn in Figure2.19

2.6 Creating a Tetrahedral Grid from a Triangular Surface
(Mesh Pack)

By following this step-by-steputorial, you will learnhow to generatea volumetrictetrahedrarid
from atriangularsurfaceascreatedn theprevioustutorial. A tetrahedragrid is thebasisfor producing
variousviews of inner partsof the object, e.g.,cutsthroughit, andis frequentlyusedfor numerical
simulations.

Thegeneratiorprocessonsistof thesesteps:

1. Simplifying thesurface
2. Editingthesurface
3. Generatingatetrahedragrid

As aprerequisitdor thefollowing stepsyou needatriangularsurface which is usuallytheresultof a
previoussurfacereconstructionLoadthesuppliedobus.surfdatasetfrom thedata/tutorialsdirectory
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Figure 2.2Q Surfacerepresentationf opticallobusastriangulargrid

2.6.1 Simplifying the Surface

Usually the numberof trianglescreatedby the SurfaceGemoduleis far too large for subsequent
operationsge.g.,for a numericalsimulation. Thus, the numberof trianglesshouldbe reducedin a
surfacesimpli cation step. In amira a Surface Simpli®cation Editor is provided for this purpose.
Theremaybedifferentgoalsfor the simpli cation:

In computergraphics onewantsto prescribgustthe numberof facesbecauséhis determines
therenderingspeed.

For a numericalsimulation oneoften wantsto specifythe maximumedgelengthoccuringin
thegrid model.

This tutorial shavs how the maximumedgelengthcanbe controlledduring simpli cation.

Selectthe surfacelobus.surf
Click onthe Simpli er (trianglemeshicon)in the PropertieArea.

Setthe desirednumberof facesto 1000andthe desiredmaximaldistance(i.e. edgelength)to
10in the Simplifyport.

Leave the fasttoggleturnedoff in the Optionsport. Thiswill causentersectiorteststo be per
formedduringsimpli cation, whichwill considerablyeducethe probabilitythatthesimpli ed
surfacecontainsselfintersections.

Presghe Simplifynowbuttonin the Action port.
Simpli cation terminateswhen either of the limits given by the numberof facesor the maximum

distanceis reached.The progressartells you how muchof the simpli cation taskhasalreadybeen
done.lIn this examplethe maximumdistancewill bethelimiting factor andtheresultingsurfacewill
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containabout6000faces.

Besideghe maximumedgelength,the minimum edgelengthoccurringin the surfaceshouldalsobe
controlled,becausehe ratio of maximumandminimum edgelengthwill in uence the quality of the
resultingtetrahedrafrid. This ratio shouldnot be muchlargerthan10. If edgesthataretoo short
occurin thesimpli ed surface,they canberemovedasfollows.

Setthedesiredminimumdistanceo 2 in the Simplifyport.

Obsene the numberof facesasshawvn at the Surfaceport, andpressthe Contract edgesbutton
in portAction All edgesshorterthan2 will becontractedIn this exampleabout30 smalledges
will bedetectedYouwill obsenethatthenumberof facesslightly decreases.

2.6.2 Editing the Surface

As asecondstepof preparatiorfor tetrahedrafjrid generationinvoke the SurfaceEditor.

Selectthe surfacelobus.surf
Leave the SurfaceSimpli cation Editor (Simpli er) by againclicking onthetrianglemeshicon.
Enterthe SurfaceEditor by clicking onthe SurfaceEditor buttonin the PropertiedArea.

Automatically a SurfaceVlew modulewill beattachedo thelobus.surfsurface.For detailsaboutthat
moduleseeits description.

Whenthe SurfaceEditor is invoked,the Surfacemenuis addedo amira's menubarandanew toolbar
is placedjust belov amira's viewer toolbar The Surface/€stsmenucontainst speci ¢ testswhich
areusefulfor preparinga tetrahedrabrid generation.Eachof the testscreatesa buffer of triangles
which canbecycledthroughusingthe backandforwardbuttons.

Selectintersectiontestfrom the Surface/€stamenu.Thetotalnumberof intersectingriangless
printedin theconsolewvindow. Intersectionshouldnt occurtoo oftenif togglefastwasswitched
off duringsurfacesimpli cation. In casethey occur the rst of theintersectingrianglesandits
neighborsareshawvn in theviewerwindow.

You canmanuallyrepairintersectionsusingfour basicoperations:Edge Flip, Edge Collapse
Edge Bisection andVertex Translation Seethedescriptionof the SurfaceEditorfor details.

After repairing,invoke theintersectiortestagainby selectingt from the Surface/€stsmenuor
by pressinghe Computebutton.

Whenthe intersectiontest hasbeensuccessfullypassedselectthe Orientation testfrom the
Surface/@stsmenu.After surfacesimpli cation, the orientationof a smallnumberof triangles
may be inconsistentresultingin a partial overlapof the materialsboundedy thetriangles.In

caseof suchincorrectorientationswhich shouldoccurquiterarely, thereis anautomatiaepair

If thisfails, thedetectedriangleswill be showvn, andyou canusethe abore mentionedmanual
operationsfor repair Note: Thereare two prerequisitedor the orientationtest: the surface
mustbe free of intersectionsandthe outertrianglesof the surfacemustbe assignedo material
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Exterior. If the surfacedoesnot containsucha materialor if the assignmento Exterior is not
correctthetestwill falselyreportorientationerrors.

A successfupassof theintersectiorandorientationtestis mandatoryfor tetrahedrafrid generation.
Thesetestsareautomaticallyperformedat the beginningof grid generationSoyou candirectly enter
the TetraGenmodule(seebelow) andtry to createagrid. If oneof thetestsfails,anerrormessagevill
beissuedn theconsolewindow. You canthengo backto the SurfaceEditor andstartediting.

Theremainingthreetestsanalyzethe surfacemeshwith respecto differentquality measuresThese
testsonly needto beperformedf thetetrahedraguality of thevolumetricgrid playsanimportantrole,
e.g.,if thegrid will beusedfor a numericalsimulation.

SelectAspectratio from the Surface/€stsmenu. This computeshe ratio of the radii of the
circumcircleandthe incircle for eachtriangle. The trianglewith the worst (i.e. largest)value
is shawvn rst, andthe actualvalueis printedin the consolewindow. The largestaspectratio
shouldbe below 20 (betterbelown 10). Fortunatelythereis anautomatictool for improving the
aspectatioincludedin the SurfaceEditor.

SelectFlip edgesfrom the Edit menu.A smalldialogwindow appearsin theRadiusRatioarea,
setthevalueof the"Try to ip atriangle..! eld to 10. Selectmodeopeiate on wholesurface
PresshuttonFlip. All triangleswith anaspectatiolargerthan10will beinspectedif theaspect
ratiocanbeimprovedviaanedgeip, thiswill bedoneautomatically The consolewindow will
tell you the total numberof badtrianglesandhow mary of themcould be repaired. Pressthe
Closebuttonto leave the Flip edgestool.

SelectagainAspectratio from the Surface/€stsmenu. Only a small numberof triangleswith
largeaspectratio shouldremainafterapplyingthe Flip edgestool.

SelectDihedral angle from the Surface/€stsmenu. For eachpair of adjacenttriangles,the
anglebetweenthem at their commonedgewill be computed. The triangle pair including the
worst(i.e. smallestlangleis shavn in the viewer, andthe actualvalueis printedin the console
window. Thesmallestdihedralangleshouldbelargerthan5 degreeqbetterlargerthan10).

For amanualrepairof a smalldihedralangleproceedasfollows: selectthe third pointsof both
triangles(i.e. the pointsoppositeto the commonedge)and move themaway from eachother
For moving verticesyou mustenter\ertex Translationmodeby clicking onthe rst icon from
theright onthetop of theviewerwindow or by pressinghe"t" key. If theviewerisin viewing
mode,switchit into interactionmodeby pressinghe ESCkey or by clicking onthearrow icon
(the rst iconfrom thetop) ontheright of the viewerwindow. Click on thevertex to be moved.
At the pickedvertex a pointdraggemwill be shavn. Pick andtranslatethe draggerfor moving
thevertex.

In somecasesanedge ip mightalsoimprove the situation. EnterEdge Flip modeby clicking
on the third icon from the right on the top of the viewer window or by pressingthe "f*  key.
Switchtheviewer into interactionmode.Click ontheedgeto be ipped.

SelectTetra quality from the Surface/€stsmenu. For eachsurfacetrianglethe aspectatio of
thetetrahedromwhich would probablybe createdor thattrianglewill becalculated Theaspect
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ratio for a tetrahedrons de ned asthe ratio of theradii of the circumspherendtheinscribed
sphere.Thetrianglewith the worst (i.e. largest)valueis shavn in the viewer, andthe actual
valueis printedin the consolewindow. The largesttetrahedrabspectratio shouldbe belov
50 (betterbelon 25). If all smalldihedralangleshave alreadybeenrepaired the tetraquality
testwill mainly detectcon gurationswherethe normaldistancebetweertwo trianglesis small
comparedo theiredgelengths.Again, thevertex translationandtheedge ip operatiorarebest
suitedfor amanualrepairof largetetrahedroraspecratios.

Leave the SurfaceEditor by againclicking onthe SurfaceEditor buttonin the PropertieArea.

Hint: In orderto seethe entiresurfaceagain,selectthe SurfaceMew icon, thenpressits Show/Hide
button,thenpressthe ViewAll buttonin theviewer toolbat

2.6.3 Generation of a Tetrahedral Grid

Thelaststepis the generatiorof a volumetrictetrahedial grid from the surface. This meanghatthe
volumeenclosedy thesurfaceis lled with tetrahedra.

Becaus¢hecomputatiorof thetetrahedragrid maybetime consumingt canbe performedasabatch
job. You canthencontinueworking with amira while thejob is running. However, for demonstration
purposesve wantto computethe grid right insideamira.

Connecta TetraGermoduleto the lobus.surfsurfaceby choosingComputeTetraGenfrom the
popupmenuover thelobus.surficon.

Leave toggleimprove grid switchedon andtoggle savegrid switchedoff at the Optionsport.
Theimprovegrid optionwill invoke anautomaticpost-processingf the generatedyrid, which
improvestetrahedrafuality by someiterationsthatmoveinnerverticesand ip inneredgesand
faces.Seethe descriptionof the Grid Editorfor details.

If togglesavegrid is selectedanadditionalport Grid appearswhereyou canentera lename.
Theresultingtetrahedrabrid will be storedautomaticallyunderthatname.If you wantto run
grid generatiorasabatchjob, you mustselectthe savegrid option.

Pressthe Meshsizébutton of the Action port. An editor window will appear It allows you to
de ne adesiredmeshsize,i.e., meanlengthof the inneredgesto be createdfor eachregion.
For this you mustenterthe bundleof thatregion, andselectparameteMeshSizeThenyou can
changethevaluein thetext eld atthelower borderof the editor. Therearesomeprede ned
region namesn amira for which a default meshsizewill be automaticallyset. Make surethat
the default valuesare suitablefor your application. If you arenot sureabouta suitablevalue,
setthedesiredmeshsizeto 0. In this casethe meanedgelengthof the surfacetriangleswill be
used.

PresgheRunnowbuttonat port Action A pop-updialogappearsskingyouwhetheryoureally
wantto startthegrid generationClick Continuein orderto proceed.

Oncegrid generatioris running, the progresdar informs you aboutthe numberof tetrahedravhich
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Figure 2.21 Volumetricrepresentationf opticallobeastetrahedragrid

alreadyhave beencreatedln somesituationggrid generatiormayfail, for example if theinputsurface
intersectstself. Thenanerrormessagavill occuratthe ConsoleWindow. In this casego backto the
SurfaceEditorto interactvely x ary intersections.

After thetetrahedragrid hasbeensuccessfullycreatedanew icon calledlobus.gridwill beputin the
Pool. You canselectthisicon in orderto seehow mary tetrahedrahe createdgrid contains.If grid
generatiortakestoo long, you mayalsoloadthe pre-computedrid lobus.gridfrom the data/tutorials
directory

As thevery laststepyou maywantto have alook atthefruits of your work:

Attacha GridVolumemoduleto thelobus.grid
Selectthe GridVolumeicon andpressthe Addto button of the Buffer port.

The GridVolumemodulemaintainsaninternalbuffer anddisplaysall tetrahedrastoredin this buffer.
By default the buffer is empty but all tetrahedreaare highlighted,i.e., they aredisplayedusinga red
wireframerepresentationTheAddto buttoncauseshehighlightedtetrahedrdo beaddedo thebuffer.
You may easilyvisualizea subsebf all tetrahedraisinga 3D selectionbox or by drawing contoursin
the 3D viewer.

Similarto the SurfaceEditor, thereis a Grid Editorwhich canbeinvokedby selectinghegreenicon of
thetetrahedragrid andclicking onthepencilicon ( rst from therightin thetitle bar)in the Properties
Area. Theeditorallows for selectingietrahedravith respecto differentquality measurese.g.,aspect
ratio, dihedralanglesat tetrahedroredges solid anglesat tetrahedrorvertices,andedgelength. The
editorcontainsseveralmodi ers thatcanbeappliedfor improving meshquality.
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2.7 Warping and Registration Using Landmarks

This is an advancedtutorial. You shouldbe ableto load les, interactwith the 3D viewer, and be
familiar with the 2-viewer layoutandtheviewertoggles.

We will transformtwo 3D objectsinto eachotherby rst settinglandmarkson their surfacesandthen
de ning a mappingbetweerthe landmarksets. As a resultwe shall seea rigid transformatioranda
warpingwhich deformsoneof the objectsto matchit with the other The stepsare:

1. Displayingdatasetsin two viewers.
2. Creatingalandmarkset.

3. Alignmentvia arigid transformation.
4. Warpingtwo imagevolumes.

2.7.1 Displaying Data Setsin Two Viewers

The datawe will beworking with in this tutorial are of the samekind you have alreadyseenbefore:
Two opticallobesof adrosophilasbrain.

Loadthetwo lobesby executingthe scriptshare/gamples/landmark.hx.

This scriptwill loadtwo datasetscalledlobus.amandlobus2.amIn addition,two isosuricemodules
connectedo eachof the datasetswill be created. In the viewer the two lobesare visualizedby

isosurficesthe rst in yellow andthe secondn blue. As we cansee thelobesareorienteddifferently.

We wantto look at eachlobein its own viewer.

Choose2 Viewers horizontalfrom the View Layoutmenu.
You canseethetwo lobesin bothviewers.

Visualizethe rst lobe (blue) in the upperviewer andthe secondiobe (yellow) in the lower
viewer. Thisis doneby deactvatingthelower viewertoggle(orangebuttonsin theicons)of the
Isosurfacanoduleandby deactvatingthe upperviewertogglein thelsosurface2nodule.

2.7.2 CreatingalLandmark Set
Now, let uscreatealandmarksetobject.
Fromthemainwindow's CreatemenuselectData/Landmarkg?2 sets)
in orderto createan emptylandmarkobject. A new greenicon will showv up in the Pool. Sincewe

aregoing to matchtwo objectsby meansof correspondindandmarkswe hadto selectthe landmark
objectscontaining? setsof landmarkgLandmarkg2 sets).
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Figure 2.22 Two lobesvisualizedwith isosurbicesin 2-viewer layout.

SelectobjectLandmarks
Launchthe LandmarkEditorby clicking onthe LandmarkEditor buttonin the PropertiesArea.

Whenstartingtheeditor, aLandmarkVew moduleis automaticallycreatecandconnectedo the Land-
marksdataobject. As indicatedon theinfo line, two emptylandmarksetsareavailablenow. We use
the editorto de ne somemarkersin bothobjects.For thefollowing, it is usefulto push-pinthethree

portson thelandmarkeditor. In orderto do so, selectthe gray push-pintogglesto the left of the port
labels.

Connecta second_andmarkVew moduleto the Landmarksobject.
Selectthe rst LandmarkVew moduleandchoosePoint Set Point Setl.
Shift-selecthe second_andmarkVew moduleandchoosePoint Set Point Set2.

Setthe viewer togglesof thetwo Landmark¥ew modulesin the samemannerasdescribedor

the SurfaceVew modulespreviously. LandmarkVew shouldbe visible in the upperviewer and
LandmarkVew2in thelower viewer.

Beforestartingto setlandmarkst is helpful to rotatethetwo lobesin their viewerssuchthatthey are
approximatehaligned.Thiswill makeit easietto locatecorrespondindeaturesn thetwo objectsand
to selectreasonabl@ositionsfor landmarks.

Rotatethe two lobesto alignthemroughly.

Now, we arereadyto de ne andsetcorrespondindandmarks.Selectthe Landmarksobjectif neces
saryandchoosehe option

Edit mode Add
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Figure 2.23 Theimageshavs how theviewer togglesandPoint Setportsshouldbe set.

To setcorrespondindgandmarkssimply click with the left mousebutton anywhereon the surfacein
the rst viewer rst andclick on the surfacein the secondviewer subsequently The landmarksare
visualizedas small spheresthe rst landmarkin yellow andthe correspondingandmarkin blue.
Make sureto alwayssetthe rst landmarkonthe rst (yellow) surfaceandthesecondandmarkonthe
secondblue)surface!!

If youwantto changehe positionof anexistinglandmarkset
Edit mode Move
andselecttherespectie landmark(blue or yellow) by clicking on it with the left mousebutton. Then

justclick atthe desiredposition.
You canalsodeleteexisting landmarksby setting

Edit mode Remae
and clicking on the respectre landmark. Both correspondindandmarks(blue and yellow) will be

removed,no matterwhich onewasselected.

You shouldnow be ableto createseverallandmarks.You maywantto changethe view of the objects
to setlandmarksn theback.In caseyou have problemsde ning landmarksyou mayuseanexisting
setof landmarksby loadingthe le landmarkSet from the directorydata/tutorials . Once
landmarkshave beencreatedthe next stepis to transformthe two objectsinto eachothet
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2.7.3 Registration via a Rigid Transformation

To register one objectto the other connecta LandmarkVerp moduleto the Landmarksobject by
clicking with theright mousebuttonon the Landmarkdgcon in the PoolandselectingCompute_and-
markVarp.

We wantto performanalignmentof the rst lobeto thesecond Thereforethe LandmarkVerp module
mustbe connectedo theimagedataof the rst lobe (usetheright mousebuttonin thewhite squareof
the LandmarkVerp icon).

The LandmarkVerp moduleis ableto performseveral transformations We startwith a purely rigid
transformatiorto matchthe correspondingandmarksaswell aspossibleby performingonly rotations
andtranslationf the rst object.To dothatchoose

Method Rigid
in the LandmarkVerp moduleandmalke surethatDirectionis setto
Direction 1! 2.

ThenpressApplyto startthecomputation.Themodulecreates new dataobjectnamedobus.Varped
To visualizethe result,connectthe isosurficethat wasinitially connectedo the dataof the rst lobe
to theresult,selectit andpressthe Apply button. In orderto comparethe resultwith the secondobe,
adjustthe viewer toggleof its Isosurfacemoduleto displayit in the rst viewer. You shouldseethat
theresultof thetransformationts the secondbjectquitewell.

2.7.4 Warping Two Image Volumes

Usingtherigid transformatiorthe objectwill not be deformed.To performa deformationandobtain
abettert we canuseanothertransformatiormethodof the LandmarkVerp module.Selectthe latter
andchoose

Method Booksteirandpressthe Dolt button.

To visualizethe result,the isosurbicehasto be recomputed Having donethat, you canseeboth the
deformedandthe secondobein the rst viewer. To merelyseetheresultingdeformationin the rst
viewer, switch off the viewertoggleof the secondobe's Isosurfacemodule.Only alittle deformation
will beseerbecaus¢hetwo original objectswererathersimilar. Usingmoredifferentdatasetsresults
in largerdeformations.

2.8 Registration of 3D imagedatasets

In medicalimaginga frequenttaskhasbecomethe registrationof imagesfrom a subjecttaken with
differentimaging modalities,wherethe term modalitieshererefersto imaging techniquessuchas
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Figure 2.24 Resultof landmark-basedlasticwarpingusingthe Booksteinmethod.

ComputedTomography(CT), MagneticResonancdomography(MRT) and PositronEmissionTo-
mography(PET). The challengein intermodality registrationlies in the factthate.gin CT images
"bright” regionsarenot necessarilyrightregionsin MRT imagesof the samesubject.

In registrationtypically oneof the datasetss takenastherefeence andthe otheroneis transformed
until both datasetgnatch. amira’'s Af®@neRe@istrationmoduleprovidesan af ne registration,i.e. it
determinesan optimal transformationwith respectto translation,rotation, anisotropescaling, and
shearing.

Closelyrelatedto registrationis the task of imagefusion i.e., the simultaneouwyisualizationof two
registeredmagedatasets.

Thistutorial shavshow aregistrationcanbeperformedandhow to visualizetheresults.Thefollowing
issueswill bediscussed:

1. Basicmanualregistrationusingthe TransformEditor
2. Automaticregistration
3. Imagefusion

2.8.1 BasicManual Registration

In this tutorial we wantto registera CT andan MRT datasebf a patient,shaving the pelvic region.
Theimagesarelocatedin theamira datadirectoryin the subdirectoryregistration.

Load the les data/registration/CT-data.am and
data/registration/MRT-data.am into amira.

Attachan OrthoSlicemoduleto eachof the datasets.
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SelectCoronal (or x2) atthe Orientationport of the OrthoSlicemoduleconnectedo the MRT
data.

Selecta camergpositionfor the 3D viewer whereyou canseeboth the axial slicesof the CT
dataandthecoronalslicesof the MRT data.

Selectslice 31 atthe SliceNumberport of the OrthoSlicemoduleconnectedo the CT data.

Now oneOrthoSlicemoduleshouldshov anaxial slice throughthe hip joints. Move the coronalslice
throughthe MRT data.You will obsenethatthetwo datasetsrenot correctlyaligned.

Selecthegreeniconof theMRT datasetinvokethe TransformEditorby pressingheTransform
Editor button in the PropertiesArea. The TransformEditor enablesyou to specifyan af ne
transformationjncludingtranslation rotation,andscaling. This transformatiorwill beapplied
to thecorrespondin@D datasetYou canedit thetransformationnteractvely in the 3D viewer
usingdifferentOpeninventordraggers.You canalsoentertransformationsiumerically

PresgheDialog button. A dialogwindow will popup.

Enter-2 at the third text eld of the Translationport of the dialog window. This meansa
translationof -2 cmin thez direction.

Enter5 atthe rst text eld attheRotationport. This meansarotationof 5 degrees.The axis
of rotationis de ned atthenext ports,hereit is the z-axis.

Presghe Closebutton of the dialogwindow. Leave the TransformEditor by pressingagainthe
TransformEditor button.

Inspectsomecoronalslicesthroughthe MRT datasetNow thereis a betteralignmentof the CT and
MRT data,but it' s still not perfect.

2.8.2 Automatic Registration

The Ragistrationmoduleprovidesanautomatiaegistrationvia optimizationof a quality function. For
registrationof datasetdrom differentimagingmodalities,the NormalizedMutual Informationis the
bestsuitedquality function. In short,it favorsanalignmentwhich "mapssimilar grayvaluestructures
to similar grayvaluestructures”. A hierarchicalkstrateyy is applied,startingat a coarseresamplingof
thedatasetsandproceedingo ner resolutiondateron.

AttachanRgjistrationmoduleto theMRT dataseby choosingCompute/AfieRegistrationfrom
thepopupmenuoverthe MRT-data.amicon.

Connecthesecondnputport Refeenceof moduleRgyistrationto the CT datasetFor thisclick
with the right mousebuttonon thewhite squareat the left handsideof themodulesicon.

SelecttoggleExtendedptions More portsof the Registration modulewill becomevisible.

The rst threeportsof the Ragistration modulede ne the optimizationstratey. The default settings
meanthatan ExtensiveDiectionoptimizeris usedfor the coarsdevelsanda QuasiNa&vtonoptimizer
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for the nest two levels of the resamplinghierarchy At the CoarsestResamplingort you canselect
the resamplingrate for the coarsestesolutionlevel. The default resamplingrateis smallerin the z

directionbecausehereferencalatasehasa ner resolutionin thex andy direction(0.17cm) thanin

thez direction(0.5cm). For the default settings(8,8,3),the resamplinchierarchywill consistof four

levels: (8,8,3),(4,4,2),(2,2,1),andthe original resolution(1,1,1).

TheNormalizedMutual Informationis calculatedrom grayvaluehistogramsTheselectecdistogram
rangesshouldenclosethe essentiainformationof eachdataset.Normally you canchoosethe same
rangeasfor visualizationvia an OrthoSlicemodule.

Set-200 and200 atthetwotext elds of theHistogramrange refelenceport.

At the Transformportyou canspecifythetypeof af ne transformationThedefaultsettingameanthat
only rigid bodymotionswill beapplied,i.e. translationandrotations.

Optionlgnore nest resolutionmeanghatoptimizationis doneonall but the nest level of theresam-
pling hierarchy Thiswill slightly reducetheaccurag, but save alargeamountof computingtime.

Automaticregistrationmaytake sometime dependingn the resolutionof theimagesandthe quality
of the pre-alignmentYou caninterruptautomatiaegistrationat arny time usingthe stopbutton. Inter-
ruption may take someseconds.The progresdar shavs the currenthierarchylevel andthe progress
atthatlevel.

Startautomaticaegistrationby pressinghe Registerbuttonatthe Actionport.

2.8.3 Image Fusion

Thetaskof imagefusionis the simultaneousisualizationof two datasetsTo thatendamira offersfor
all typesof slicing modules(Orthosliceand ObliqueSlicé the Colorwashmodule.Using Colorwash
theimagesrom onedatasetanbeoverlayedoverthatof anothettakinginto accountheir orientation
in space.

Remawe the OrthoSlicemoduleconnectedo the MRT dataset.
Selectthegreenicon of the MRT dataset.

Selecta Colorwashmodulefrom the popupmenuover theicon of the OrthoSlicemodulecon-
nectedo the CT dataset.

Selecttheyellow icon of the Colorwashmodule.
Selectthe physics.icocolormapat port Colormap

Set70 astheupperboundfor thecolormaprange.
Selecttheicon of the OrthoSlicemodule.

Inspectaxial sliceswith slice numberdetweenl5 and45.
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Youwill obseneagoodalignmentof the pelvic bonefrom both datasetsThe soft tissuecontoursare
not perfectlyalignedbecaus¢herewassomesoft tissuedeformatiorbetweerbothscans.This cannot
be describedy arigid transformation.

In imagefusionit is sometimesecessaryo obsene all threeorthogonaldirectionssimultaneously
For thatthe StandardVéw modulecanbe usedfor imagefusion. The Standad\Miew moduleopensa
separatevindow with four viewers,threeof themshawing the threeorthogonalslicesof the image
dataanda fourth beinganew instanceof the 3D viewer.

Attach a Standad\View moduleto the CT dataseby choosingDisplay StandadMiew from the
popupmenuoverthe CT-data.amicon. amira's Viewerwindow will now be splitinto four parts
shaving threeorthogonaklicesthroughthe CT data,andthe 3D Viewer in theupperleft part.

ConnecthesecondnputportOverlayDataof the Standad\View moduleto the MRT datasetFor
this, click with the right mousebutton on thewhite squareat theleft handsideof the modules
icon.

Selectslice numbersl79, 149, and 31 at ports Slice x, Slicey, and Slicez, respectiely. The
threeorthogonakliceswill shav the hip joints now.

Increasdéhe zoom-factorby clicking twice on button> atthe Zoomport.
Selectchederboard atthe Overlaymodeport.

Vary the sizeof the checlerboardiles by moving the slideratthe Patternsizeport. In thisway
you canagaincheckthealignmentof the CT andMRT datasets.

The bonecontoursaroundthe hip joints shav a goodmatch. Note that boneis representedyy white
(i.e high intensity) voxelsin the CT data,but may occurasbothwhite andblack voxelsin the MRT
data.In theaxial sliceyou canobsene largerdeviationsof the outerbodycontourbetweerthe CT and
MRT data.

2.9 Alignment of 2D Physical Cross-subsections

Many microscopictechniquegequirethe sampleto be physically cut into slices. Thenimagesare
taken from eachcross-subsectioseparately Usually the imageswill be misalignedrelative to each
other Beforea 3-dimensionaimodelof the samplecanbereconstructetheimageshaveto bealigned
takinginto accountranslationandrotation. This tutorial shonvs how this taskcanbe performedusing
the AlignSlicesmodule.

Thefollowing issueswill bediscussed:

1. Basicmanualalignment

2. Alignmentvia landmarks

3. Optimizingthe quality function
4. Resamplingheinputdata
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Figure 2.25 Userinterfaceof thealigntool.

5. Otheralignmentoptions

2.9.1 BasicManual Alignment

In this tutorial we wantto align 10 microscopiccross-subsectionsf a leaf shaving a stomatalpore.
Theimagesarelocatedin thedatadirectoryin thesubdirectonalign. Eachsliceis storedasa separate
JPEGimage.The le leafinfo de nesa 3D imagestackconsistingof the 10 individual slices. |t is a
simpleASCII le asdescribedn the stackedslices le formatsubsection.

Loadthe le data/align/leaf.info

Createanalignmoduleby choosingComputeAlignSlicesfrom thepopupmenuovertheleafinfo
icon.

Presghe Edit buttonof AlignSlices

A new graphicswindow is poppedup allowing you to interactively align the slicesof the 3D image
stack. To facilitatethis task,usuallytwo consecutiie slicesaredisplayedsimultaneouslyOneof the
two slicesis editable i.e., it canbetranslatecandrotatedusingthe mouse By defaultthe upperslice
is editable.Thisis indicatedin thetool barof thealign window (the“upperslice” buttonis selected).

If necessarypressthe zoom out button (“-” magnifying glass)to allow the entire slice to be
visiblein viewer.
Translatehe upperslice by moving the mousewith theleft mousebutton presseadiown.

Rotatethe upperslice by moving the mousewith theleft mousebuttonandthe Ctrl key pressed
down. Alternatively, slicescanberotatedusingthe middle mousebutton.

Make thelower slice editableby selectinghe“lower slice” tool button. Translateandrotatethe
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lower slice.
Hold down key numberl. While thiskey is hold down only thelower sliceis displayed.
Hold down key number2. While this key is hold down only the uppersliceis displayed.

Pressingkey numberl and?2 alsochangeghe editableslice. Note how the slice tool buttons
changeheir state.

Otherpairsof slicescanbe selectedisingthe sliderin the upperleft partof the align window. Note
thatthe numberdisplayedin thetext eld attheright side of the slider alwaysrefersto the editable
slice. The next or the previous pair of slicescanalsobe selectedusingthe spacebar or usingthe
backspacéey, respectiely. The cursorskeys areusedto translatethe currentslice by one pixel in
eachdirection.

Browsethroughall slicesusingthe spacebarandthebackspacéey. Translateandrotatesome
slicesin anarbitraryway.

Translateall slicesat onceby moving the mousewith the left mousebutton andthe Shift key
pressediown.

Rotateall slicesat onceby moving the mousewith the left mousebuttonandthe Shift andCtrl
key pressediown.

Transformingall slicesat oncecanbe usefulin orderto move theregion of interestinto the centerof
theimage.

2.9.2 Alignment Via Landmarks

Besidesmanualalignment,four automaticalignmentoptionsare supportednamelyalignmentusing
a principal axes transformationautomaticoptimizationof a quality function, edgedetection-based
alignmentandalignmentvia userde nedlandmarksTheprincipalaxesmethodandtheedgedetection
methodareonly suitablefor imagesshaving an objectwhich clearly separatefrom the background.
The optimization methodrequiresthat the imagesbe alreadyroughly aligned. Often sucha pre-
alignmentcanbeachievedusingthelandmarkamethod.

Alignmentvia landmarksrst requiresyouto interactvely de ne thepositionsof thelandmarksThis
canbedonein landmarkedit mode.

Activatelandmarkeditmodeby pressinghearron-shapedool buttonlocatedbetweerthehand-
shapebuttonandthe edgedetectionbutton.

In landmarkedit modeonly onesliceis displayednsteadof two. Two defaultlandmarksarede ned
in everyslice.

Click on one of the default landmarks. The landmarkgetsselectedandis dravn with a red
border
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Figure 2.26 The gure shavs how thelandmarksshouldbe setin thetutorial.

Click somevhereinto theimagein orderto repositionthe selectedandmark.

Click somavhereinto theimagewhile no landmarkis selected.This causeghe next landmark
to be selectechutomatically

Click atthe samepositionagainin orderto repositionthe next landmark.

Thedouble-clickmethodmalesit very easyto de ne landmarkpositions.Of course additionalland-
markscanbede ned aswell. Landmarkscanalsobedeleted put the minimumnumberof landmarks
is two.

ChooseAddfrom theLandmarksnenu.

Click anywhereinto theimagein orderto de ne the positionof the new landmark.
Selecttheyellow landmarkby clicking onit.

ChooseRemae from the Landmarkamenuin orderto deletethe selectedandmarkagain.

Two landmarksshouldbevisible now, aredone,andablueone.Next, let usmove thesdandmarkgo
somereasonabl@ositionssothatwe canperformanalignment.

Selectslicenumber0.
Placethelandmarksasshavn in Figure2.26 Make useof the double-clickmethod.
In all otherslicesplacethelandmarksatthe samepositions.

Onceall landmarkshave beenset,we canalign the slices. It is possibleto align only the currentpair
of slices,or to align all slicesatonce.Notethatall alignmentactionsaswell aslandmarkmovements
canbeundoneby pressingCtrl-Z.
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Switch backto transformmodeby pressinghe hand-shapéool button. Two slicesshouldbe
displayedagain.

Align the currentpair of slicesby pressinghe secondool button from the right (the onewith
only two lines).

Align all slicesby pressinghe rst tool buttonfrom theright (theonewith mary lines).

Move androtatethe whole objectinto the centerof the imageusingthe mousewith the Shift
key hold down.

In mostslicesthe alignmentnow shouldbe quite good. However, looking at the pairs 3-4 and4-5
(displayedin the lower left cornerof the align window) you'll noticethatthereis somethingwrong.
In fact,slicenumber4 hasbeenaccidentlyinvertedwhentakingthe microscopidmages Fortunately
we cancompensatéor this errorasfollows:

Selectslice pair 3-4 andmake surethatthe upperslice,i.e., slicenumbers4, is editable.
Invertthe upperslice by pressingheinvert button(third onefrom theright).
Realignthe currentpair of slicesby pressinghe seconcbuttonfrom theright).
Selectslice pair 4-5 andrealignthis pair of slicesaswell.

Alternatively, you couldhave alignedall slicesfrom scratchby pressinghe rst buttonfrom theright.

2.9.3 Optimizing the Quality Function

Onceall slicesareroughly aligned,we canfurtherimprove the alignmentusing the automaticopti-

mizationmethod.At thebottomof the align window the quality of the currentalignmentis displayed.
This is a numberbetween0 and 100, where 100 indicatesa perfectmatch. The quality functionis

computedfrom the squaredgray value differencesf the two slices. The optimizationmethodtries

to maximizethe quality function. Sinceonly local maximaarefound, it is requiredthatthe slicesbe

reasonablyvell alignedin advance.

Click ontheslicein theviewer. Thequality of thealignmentis displayedn thestatusbaratthe
bottomof thewindow. Remembethe currentquality measure.

Activatethe optimizationmodeby pressinghetool buttonwith the sumx squaredgsymbol.

Align the currentpair of slicesby pressinghe secondbuttonfrom theright. Obsene how the
qualityis improved.

Automaticalignmentis aniterative processlt maytake quitealongtime dependingntheresolution
of theimagesand of the quality of the pre-alignment.You caninterruptautomaticalignmentat arny
time usingthe Stopbutton.

Automaticallyalign all slicesby pressinghe rst buttonfrom theright.
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2.9.4 Resamplingthe Input Data

If you aresatis ed with the alignment,you canresamplethe input datasetin orderto createa new
aligned3D image.This is doneusingthe Resampléutton of the AlignSlicesmodule.

Presghe Resampléduttonof the AlignSlicesmodule.

Attach an OrthoSlicemoduleto the resulting object leafalign and verify that the slicesare
aligned.

Sometimesg/ou may wantto improve an alignmentlateron. In this caseit is a badideato align the
resamplediatasetasecondime, sincethiswould requireasecondesamplingoperation.Insteadyou
couldwrite thetransformatiordatainto the original imageobjectandstorethis objectin AmiraMesh
format. After reloadingthe AmiraMesh le you canattacha nen AlignSlicesmoduleand continue
with the storedtransformations.

ChooseSavetransformatiorfrom the Optionsmenuof the align tool. Thiswill storethetrans-
formationdatain the parametesubsectiorof theinput objectleafinfo.

Deletethe AlignSlicesmodule.
Saveleafinfoin AmiraMeshformat.
Reloadthe saved objectleaf.am

Attach a new AlignSlicesmoduleto leafamandclick the Edit button. Note that the original
alignmentis restored.

2.9.5 UsingaReferencelmage

In somecasesy/ou mightwantto correctthe alignmentafterimagesegmentatiorhasbeenperformed.
In orderto avoid segmentingthe newly resampledmagefrom scratchyou canapplythe sametrans-
formationsto alabel eld usingareferencéamage.

Deleteary existing aligntool.
Loadthe le data/align/leaf-unaligned.labels
Attachanew AlignSlicesmoduleto thelabel eld.

In thelabel eld the guardcells of the stomatalporearemarked. Segmentatiorhasbeenperformed
beforetheimageswerealigned.Now we wantto applythe sametransformatiorde ned for theimage
datato thelabels.

Connecthe Refeenceport of AlignSlicego leaf.am(thisis doneby activatingthe popupmenu
overthesmallwhite squareattheleft sideof theleaf.amicon). Obsene how thetransformations
areappliedto thelabel eld.

Exportanalignedlabel eld by pressinghe Resampldutton.
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Figure 2.27 Openlnventorgeometryof theairfoil.

The imagevolume usedin this tutorial is an RGBA color eld. However, the imagesegmentation
editor only supportsgray level images. Thereforeyou mustcorvertthe color eld into ascalar eld
usingCastHeld beforeyou caninvoke theimagesegmentatioreditorfor theresampledabels.

2.10 Visualization of Vector Fields (Mesh Pack)

This step-by-step-tutoridbrie y explains someMesh Pack modulesfor vector eld visualization.
Theuseof thesemoduless explainedby way of datarepresentinghe o w aroundanairfoil. Thetwo
methodgeferredto in steps2 and3 areindependendf eachother Thesetopicswill becovered:

1. Loadingthe Wing andthe Flow Field
2. Line Integral Corvolution
3. llluminatedStreamLines

2.10.1 Loading the Wing and the Flow Field

As in the previoustutorials,we will usethe le dialogto importdata.

Import the geometry of the wing by loading the le wing.iv  from the directory
data/tutorials

AttachanlvDisplay moduleto this dataobject.

Loadthevector eld datasetcalledwing.am from thedirectorydata/tutorials

The extension.iv indicatesthatthe wing geometryis de ned in the Openinventor le format. The
IvDisplay modulecanbe usedfor displayinggeometryin this format. The vector eld itself is stored
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in amira's natve AmiraMesh le format. Thedatarepresentshe o w aroundanairfoil computedon
aregulargrid with curvilinearcoordinatesBy selectinghe greendataicon wing.am youcan nd out
thatthe numberof grid nodesn x,y,z-directionis 125x 41 x 21.

2.10.2 Line Integral Convolution

Line Integral Convolution (LIC) is a methodfor visualizing2D vector elds, i.e., depictingthevector
eld directionfor a suitablysampledsubsebf pointsin the 2D domain. The directionis represented
by local streamlinesi.e. by curveswhosetangentvectorscoincidewith thoseof thegivenvector eld.
Local streamlinesarecomputedsuchthatall imagepixelsarecovered. The streamlinesare projected
ontoarandomnoiseinputtexture mapof the samesizeasthevector eld domain.The projectionstep
involvessummationsf texturepixel intensitiesalongstreamlingpathsby way of acornvolutionintegral
with a Iter kernel. This causegixel intensitiesin the resultingimageto be highly correlatedalong
individual streamlinesbut statisticallyindependenperpendiculato the latter Thusthe directional
structureof thevector eld become<learlyvisible.

Herewe usethe 3D vector eld thatwe have alreadyloadedandvisualizetwo-dimensionaslices:

Connecta PlanarLIC moduleto thevector eld wing.amandselectit.
Chooseéheslicenumber22in the Translateport.

Set Iter lengthto 40 andresolutionto 200.

Presghe Apply button.

Wheneer the projectionplaneof the PlanarLIC moduleis changedbr othervaluesfor Iter length

or resolutionaretaken, the LIC texture mustbe recalculatedi.e., the Apply button mustbe pressed
again. Otherwise,a checlerboardpatternwill be displayed.Experimentwith different lter lengths
andresolutionvaluesto seewhatkinds of texturescanbe produced.

To getanimpressiorof the magnitudeof the vectors,you canapply a colormapto theimage. Some
default colormapsarealreadyloadedwhenamira startsup. The correspondingconsusuallywill be
hidden.In orderto useoneof the colormapsyou have to selectit explicitly:

From the main window's Pool / ShowObject menuselecttempeature.icol or any othercol-
ormap:thecorrespondingcon becomewisible.

SelectMagnitudefrom port Colorize of the PlanarLIC module. A new port labeledColormap
appearsn the PropertiesArea.

Connecthecolormapportto tempeature.icol by clicking with theright mousebuttonin thered
rectangleandchoosingempeature.icol from theappearingpopupmenu.

The two integer valuesof the colormapport specify the rangeof valuesto which the colormapis
applied. Vectormagnitudesithin this rangearedepictedsymbolicallyby coloring streamlinepixels
suchthateachpixel getsthe uniquecolor associatedvith the magnitudevalueby thetempeature.icol
colormap.
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Figure 2.28 Air "ow aroundthewing visualizedusingLine Integral Convolution

Selectthewing.amicon andreadoff the magnitudeange.
Shift-selecthe PlanarLIC icon andenterthe magnituderangeinto the Colormapport.

2.10.3 llluminated StreamLines

llluminated StreamLinesis atechniquéeor interactive 3D vector eld visualizationwhich makesuse
of large numbersof properlyilluminatedstreamlines. A realisticshadingmodelis employed which
signi cantly increasesealismof theresultingimagesandenhancespatialperception.

Now youwill learnwhichtoolsareusedfor illuminatedstreanline visualizationandhow to usethem
to geta 3D impressiorof ourair o w vector eld.

RemorethePlanarLIC moduleor disableits display

Connecta DisplaylSLmoduleto thevector eld wing.am

SetNumLinesto 300.

Presghe Applybutton.

Click onthe TabBoxbuttonof port Boxandzoomoutthe viewerif you cannotseeabox.

A TabBoxappearsn the viewer. Only streamlines o wing throughthis box arevisible. The green
tabsatthecornersandedgef thebox allow you to changehe dimensionsf the box.

Switchtheviewerinto interactionmode.

Try out what happensf you click with the left mousebutton on one of the greentabson the
cornersor edgesf the TabBoxanddragthemaround.

To move thewhole TabBox click with theleft mousebuttonin the box andmoveit.
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Figure 2.29 llluminatedstreamlinegroundawing

Try to getthe TabBoxinto a shapeandpositionasshown in theimage.
PressApply buttonagainin orderto recalculatéhe streanlines.

Now someinformationaboutConsolewindow commandsMostamira modulegprovide morecontrol
featuresthanthosethat are available by the portsdisplayedin the PropertiesArea. All of themare
availableby commandshatyoutypein theconsolevindow. You cangetalist of commandsssociated
with a particularmodulecurrentlyin usejust by enteringits name.Now we will usesuchcommands
to form andpositionthe TabBoxexactly asin theimageabove.

Type“DisplaylSL’ into the Consolewindow.
Type“DisplaylSL getBox” into the Consolewindow.

The rst commandlists all commandsof the DisplaylSL module and the secondshaws the scale
andtranslationof the currentTabBox. The rst word of a commandmustalways be the nameof a
moduleasshowvn onits icon. Note that modulecommandsare not recognizedinlesscorresponding
moduleshave beenloadedinto the Pool. However, you do not needto selectamodulefor typingin its
commands.

Type“DisplaylSL setBoxTanslation-0.310.000.17"
Type“DisplaylSL setBoxScal®.110.040.14"

Now the sub- eld thatcorrespondso the clipping of the vector eld asimplied by the settingsof the
TabBoxshouldlook like theoneshavn in theimageabove.
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2.11 Creatinganimated demonstrations

In this tutorial you will learnhow to usethe DemoMaler modulefor creatingan animatedsequence
of operationswithin amira. In our example,we will visualizea polygonmodelusingeffectssuchas
transpareny cameraotation,andclipping to make the visualizationmoremeaningfulandattractive.

Thetutorial coversthefollowing topics:

creatinganinitial network for thedemo

animatingan OrthoSlicemodule
activatingadditionalmodulesduringthedemo
usingacameraotationor path

editingor removing eventsthatarealreadyde ned
overlayingabonemodelwith atransparenskin model
usingclipping to make the skin appeaigraduallyoverthebone
adwancedclippingissues

insertingbreaksandde ning demosegments
usingfunctionkeys for jumpingbetweerdemosegments
de ning partialloopswithin thedemosequence
storingandreplayingademosequence

Onceyou havelearnechow to de ne ananimateddemosequenceyou canfurtherlearnhow to record
thedemonstratiointo amovie le in Section2.12

2.11.1 Creatinga Network

First, we needan amira network that containsall the dataand modulesfor the visualizationand
animationwe wantto do. In our example,we pick the medicalCT scandatasetreg005 . Startby
loading data/medical/reg005.ctdata.am from the amiraroot directory By right-clicking
onthegreendataicon andselectingfrom the dataset popupmenu,attacha BoundingBoxmoduleas
well asa OrthoSlicemoduleto thedata.If you usethe mouseto navigatearoundthe modelin the 3D
viewer, you shouldmanagéo geta resultsimilar to this:
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(loadnetwork)

2.11.2 Animating an OrthoSlice module

Let us move the OrthoSliceplaneup anddown to shav whatthe datalooks like. Note thatthe Or-
thoSlicemodulehasa port called Slice Number If you changethe value of that slider, you seethe
planemovein the viewer.

Now let usanimatethis sliderusingthe DemoMalermoduleasour rst exercise.Fromthemenubar,
selectCreate/Animation/Demo/DemoMeaik A blue scriptobjectappearsn the Pool:

Click on the blue icon to seeits userinterface. Wheneer you want to animatesomeport of the
currentnetwork, you mustselectthatportin theselectiorlist calledGUI element Try to nd theentry
calledOrthoSlice/SlicdNumber which correspondso the SliceNumberport of the currentOrthoSlice
module. If you cannot nd the entry, you may needto pressthe Update button to the left of the
selectiormenu(seebelow for anexplanation).
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Onceyou have selectedOrthoSlice/SliceNumber you seetwo more portsappearin the DemoMaler
module:Start/endvalueaswell asStart/endtime The startandendvaluespecifybetweernwhich two
valuesthe OrthoSliceslider will be moved. Click the mouseinto the startor endvalue elds, hold
downtheShift key, anddragthemousewith Shift helddown. With this featurecalledthevirtual
slider you canquickly setthe desiredvaluewithin the allowedrange.Setthe startvalueto 0 andthe
endvalueto 30. Then,setthe starttime to 0 andtheendtime to 0.2. Thesetime valuesspecifytimes
on the Time slider of the DemoMaler module( rst portin the module). You have now speci ed an
eventstartingattime 0 andendingattime 0.2, varyingthe OrthoSliceslice numberbetweer0 and30
duringthattime.

Now pressthe Add button in the EventList port to addthe nenly de ned eventto the list of events.
Thislist of eventsis representedh the selectiormenuabove the Add button.
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Testthe resultby pressingthe play button of DemoMaler's time slider, representedby the triangle
pointing to the right. Whenyou pressit, the time sliderwill startmoving from the left to the right.

Whenthetime valueis betweerD and0.2,you shouldseethatthe OrthoSliceplaneis moving between
thespeci edstartandendvaluesin theviewer (loadnetwork). You canalsoplayyourdemobackwards
usingtheplay buttonto theleft of thetime slider, or simply click somavhereonthetime sliderto jump

to ary pointin time of thedemonstration.

If thedemosequenceunstoo slow or too fast,you canadjustthis by right-clicking anywhereon the
time sliderandselectingCon gure from the popupmenu. Changethe Incrementvaluein the dialog
box thatappears.A smallerincrementwill make the animationslowver, whereasa larger increment
malesit faster If youchooseanincrementvaluetoo large, the animationmight becomejerky”.

2.11.3 Activating a modulein the viewer window

Next, let usadda visualizationof thebonestructurein thedataseafterwe have movedthe OrthoSlice.
Load the datasetdata/medical/reg005.surf in additionto the currentnetwork. Attach a
SurfaceMew moduleto it. Click ontheyellow Surfaceew moduleto seeits userinterface.Presghe
Clearbuttonin the Buffer port, thenselectBoneandAll in the Materials port andpressthe Addbutton
in the buffer port. Thiswill visualizethe bonesurfaceof the model.

60 Chapter2: Firststepsin amira



If youwantto switchthebonevisualizationon andoff manually youwould usetheviewertoggle (or-
angerectanglepf the Surfaceéw module.If youwantto includethis actionin your demosequence,
you needto do thefollowing:

Click onthe DemoMaler module.

Click onthe Updatebuttonin the GUI elemeniport. This is necessaryheneer you addnewn
modulesto the Poolafteryou have createdhe DemoMaler module.

SelectSurfaceew/Mewer Mask/\fewer 0 from the GUI elementist.

Enteronin theToggle to valueport.

Enter0.2in the Trigger time port.

Presghe Addbuttonin the EventList portto addthis newly de ned eventto the eventlist.

To testthe newly addedevent, rst togglethe SurfaceV¥ew moduleoff usingits orangeviewer toggle
icon. Now click to theveryleft of theDemoMaler time sliderto jumpto thestartof thedemosequence.
Click the play button. As before the slice movesup. Whenit reacheshe maximumvalueattime 0.2,
thebonemodelis switchedon (load network).
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2.11.4 Usingacamerarotation

To look at the 3D patientmodelfrom all sides,let us adda camerarotationto our demosequence.
SelectCreate/CameaRotatefrom the menu. Try therotationby playingthetime sliderin the Camer
aRotatemodule. If you do notlike the axis of rotation,resetthe time sliderto 0, navigateto a good
startingview in the viewer window, andclick on recomputén the CameaRotatemodule. Note that
thevaluesof the CamerRotatetime sliderrangefrom 0 to 360.

Onceyou aresatis edwith the cameraotation,addit to theeventlist:

Click onthe DemoMaler module.

Click onthe Updatebutton.

SelectCamernRotate/ Time from the GUI elementist.
Enter0 and360asthestartandendvalue.
Enter0.2and0.4 asthe startandendtime.

Click onthe Addbuttonin the EventList port.

Now playthedemoto seetheresult. After moving thesliceandswitchingonthebonemodel,theview
is rotatedsothatthebonecanbe seenfrom all sides(load network).

2.11.5 Editing or removing an alreadyde ned event

Whenyou look at the demosequenceo far, you may think thatit would be nice to wait for a short
time beforerotatingthe bonemodel. This canbe doneby startingtherotationat a latertime step.We
caneasilycorrectthisin the DemoMaler module:

Selectthe0.2... 0.4: CamernRotateeventin the EventListport.

You seethe start/endvalueandstart/endiime of this eventappeain the lower partof the De-
moMaler module.

Changehestart/endime to 0.3and0.5.

Click onthe Replacebuttonin the EventList port. This replaceghe currentlyselectedeventin
thelist by theeventasde ned in thelower partof themodule.

Now you have movedthe camerarotationeventfrom 0.2-0.4to 0.3-0.50n the time line. Checkthe
resultsby playingthetime slider (load network).

Pleasenotethatyou candeleteaneventfrom thelist by simply selectingt from the EventList menu
andclicking the Remae button.
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2.11.6 Overlaying the bonewith skin
Now we wantto show the patients outersurfaceoverlayedover the bonemodel.

Attach a secondSurfaceéw moduleto the reg005.surfdataset. Since Exterior and All are
selectedasthedefault materialsthis bringsup the patients exterior surface.

Click onthe secondSurfaceVew module.It shouldbe calledSurfaceYew?2.
Selecttranspaentfrom the Draw Styleport.

It will be helpful to shav the boneunderneatlthe exterior surface,sojump to time step0.2 or
laterin the DemoMalermodule.

Adjustthegradeof transparengusingthe BaseTanssliderin SurfaceVew?2.

Smoothout the outersurfaceby clicking on more optionsin the Draw Styleport andselecting
\ertex normals

Likewedid with thebonemodel,we canswitchontheskinmodelatsomepointin thedemosequence:

Click onthe DemoMaler module.

Click onthe Updatebuttonin the GUI elemenport.
SelectSurfaceew2/Mewer Mask/\fewer 0 from the GUI elementist.
Checkonin the Toggle to valueport.

Enter0.6in the Trigger timeport.

Click on Addin the EventList port.

Again, checkouttheresultsby playingthe demosequence.
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2.11.7 Usingclipping to add the skin gradually

Insteadof just switchingthe skin on at onepoint, we canmake it appeagraduallyover thebonefrom
bottomto top. In orderto do so,we usethe OrthoSliceplaneto clip the skinmodel,andthenmove the
OrthoSliceplaneup.

First,we needto move the OrthoSliceplanedown againto wherewe wantto startthe clipping:

Click onthe DemoMaler module.
SelectOrthoSlice/SliceNumberfrom the GUI elementist.
Enter30and3 asthe start/endvalues.
Enter0.3and0.5asthestart/endime.

Click on Addin the EventList port.

Now, whenyou play thedemo,the OrthoSliceplanewill move down againduringthe cameraotation
(load network).

Now, we will clip theskin modelusingthe OrthoSliceplane:

Click onthe DemoMaler module.

SelectSurfaceVew?2/ Clip usingOrthoSlicefrom the GUI elementist.
Enteron astogglevalueand0.6 astriggertime.

Click on Addin the EventList port.

Whenyouruntheanimationnow, youwill notseethe skinsurface.Thisis becausdt is clippedabove
the OrthoSliceplane,andonly visible below thatplane.To seethe partial surfacebelov the plane,we
mustmake the Orthoslicedisplaytransparent:

Click onthe DemoMaler module.

SelectOrthoSlice/ Transpaencyfrom the GUI elementist.
SelectNoneandAlphaasthefrom/to values.
Enter0.6asthetriggertime.

Click on Addin the EventList port.

This way we have speci ed thatat time 0.6, the Transpaencyport of the OrthoSlicemodulewill be
changedrom valueNoneto thenew valueAlpha Whenrunningthe demosequenceheresultshould
look likethis:
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As you see partof the skin modelis showving below thetransparen©rthoSliceplane. To shaw all of
the skin, we simply move the planeupwardspretty muchthe sameway we did before:

Click onthe DemoMaler module.

SelectOrthoSlice/ SliceNumberfrom the GUI elementist.
Enter3 and58 asthe start/endvalue.
Enter0.6and0.9asthestart/endime.

Click on Addin the EventList port.

Now you seetheskin slowly appearingver theboneasthe clipping planemaovesupwards.

As alaststep,you might wantto rotatethe view againwhile the skin is appearing.You cansimply
reusethe old cameraotationduringa secondime range:

Click onthe DemoMaler module.
Select0.3... 0.5: CamenRotatefrom the EventList menu.
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Youwill seestart/endvalueandstart/endime appeatin thelower part.
Changethestart/endime to 0.6 and0.9.

Click on Addin the EventList port. Thiswill leave the old eventuntouchedandadda second
cameraotationeventto thelist.

You cancheckoutthe nal animationby loadinga saved network script.

2.11.8 More commentson clipping

Clipping cansometimedealittle bit morecomplicatedhanin our example becauselipping canbe
appliedto a planein two differentorientations.This meanghatyou caneitherclip away everything
abovetheplane,or belowthe plane.Unfortunatelyit is notalwaysobviouswhich of thetwo cases/ou
arein.

However, you cansimply invert the orientationof the clipping in DemoMaler. In our example,you
would simply 