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Chapter 1

Intr oduction

amira is a 3D visualizationandmodellingsystem.It allows you to visualizescienti�c datasetsfrom
variousapplicationareas,e.g. medicine,biology, chemistry, physics,or engineering.3D objectscan
berepresentedasgridssuitablefor numericalsimulations,notablyastriangularsurfaceandvolumetric
tetrahedralgrids. amira providesmethodsto generatesuchgridsfrom voxel datarepresentinganim-
agevolume,andit includesa generalpurposeinteractive3D viewer. Section1.1(Overview) provides
a shortoverview of thefundamentalsof amira, i.e. its object-orienteddesignandtheconceptof data
objectsandmodules.

Section1.2(Features)summarizeskey featuresof amira, for exampledirectvolumerendering,image
processing,andsurfacesimpli�cation.

Section1.3 (Application Areas)illustratessometypical applicationareasof amira andshows what
kindsof problemscanbesolvedusingthesystem.

Section1.4(Packs)shortlydescribesoptionalpacksavailablefor amira andwhatthey canbeusedfor.

1.1 Overview

amira is amodularandobject-orientedsoftwaresystem.Its basicsystemcomponentsaremodulesand
dataobjects.Modulesareusedto visualizedataobjectsor to performsomecomputationaloperations
on them. The componentsarerepresentedby little icons in the Pool. Iconsareconnectedby lines
indicatingprocessingdependenciesbetweenthe components,i.e., which modulesare to be applied
to which dataobjects. Dataobjectsof speci�c typesarecreatedautomaticallyfrom �le input data
whenreadingsuchor asouputof modulecomputations,modulesmatchinganexistingdataobjectare
createdasinstancesof particularmoduletypesvia a context-sensitivepopupmenu.Networkscanbe
createdwith a minimal amountof userinteraction. Parametersof dataobjectsandmodulescanbe
modi�ed in amira's interactionarea.



Figure1.1: Dataobjectsandmodulesarerepresentedaslittle iconsin thePool(top right). In the3D graphicwindow asurface
coloredaccordingto its curvatureis shown. Curvatureinformationhasbeencomputedby acomputationalmoduleandis stored
asa separatedataobject. In themid right window theparametersof selectedmodulesareshown. Thelower left paneprovides
aTcl-commandshellaswell asaccessto thehelpbrowser.

For somedataobjectssuchassurfacesor colormapsthereexist special-purposeinteractiveeditorsthat
allow the userto modify the objects. All amira componentscanbe controlledvia a Tcl command
interface.Commandscanbereadfrom ascript�le or issuedmanuallyin aseparateconsolewindow.

The biggestpart of the screenis occupiedby a 3D graphicswindow. Additional 3D views canbe
createdif necessary. amira is basedon the latestreleaseof the OpenInventor from Mercury. In
addition,several modulesapply direct OpenGLrenderingto achieve specialrenderingeffectsor to
maximizeperformance.In total, therearemorethan120dataobjectandmoduletypes. They allow
thesystemto beusedfor a broadrangeof applications.User-de�ned extensionsarefacilitatedby the
amira developerversion.

1.2 Features

amira providesa large numberof moduletypesallowing you to visualizevariouskinds of scien-
ti�c dataaswell asto createpolygonalmodelsfrom 3D images.All visualizationtechniquescanbe
arbitrarilycombinedto produceasinglescene.Moreover, multipledatasetscanbevisualizedsimulta-
neously, eitherin severalviewerwindowsor in acommonone.A built-in transformationeditormakes
it easyto registerdatasetswith respectto eachotheror to dealwith differentcoordinatesystems.
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1.2.1 Dir ect VolumeRendering

Oneof themostintuitiveandmostpowerful techniquesfor visualizing3D imagedatais directvolume
rendering. Light emissionandlight absorptionparametersareassignedto eachpoint of thevolume.
Simulatingthetransmissionof light throughthevolumemakesit possibleto displayyourdatafrom any
view directionwithout constructingintermediatepolygonalmodels. By exploiting moderngraphics
hardware,amira is ableto performdirectvolumerenderingalmostin realtime,evenfor datavolumes
of 40 megabytesandmore. Volumerenderedimagescanbe combinedwith any type of polygonal
display. This improvesthe usefulnessof this techniquesigni�cantly. Moreover, multiple datasets
canbevolumerenderedsimultaneously– auniquefeatureof amira. Transferfunctionswith different
characteristicsrequiredfor direct volumerenderingcaneitherbe generatedautomaticallyor edited
interactively usinganintuitivecolormapeditor.

1.2.2 Isosurfaces

Isosurfacesaremostcommonlyusedfor analyzingarbitraryscalar�elds sampledon a discretegrid.
Applied to 3D images,themethodprovidesa very quick, yet sometimessuf�cient methodfor recon-
structingpolygonalsurfacemodels.Besidestandardalgorithms,amira providesanimprovedmethod
whichgeneratessigni�cantly fewertriangleswith very little computationaloverhead.In thiswaylarge
3D datasetscanbe displayedinteractively even on smallerdesktopgraphicscomputers.Like other
polygonalmodels,isosurfacescanbecoloredin orderto visualizea secondindependentdataset.An-
otherhighlightcomprisestherealisticview-dependentwayof renderingsemi-transparentsurfaces.By
correlatingtransparency with localorientationof thesurfacerelativeto theviewing direction,complex
spatialstructurescanbeunderstoodmuchmoreeasily.

1.2.3 Segmentation

amira alsoprovidesa componentfor 3D imagesegmentationwith several special-purposefeatures.
This componentis calledimagesegmentationeditor. It offersa largesetof segmentationtools,rang-
ing from purely manualto fully automatic. Among others,the following tools areprovided: brush
(painting),lasso(contouring),magicwand(regiongrowing), thresholding,intelligentscissors,contour
�tting (snakes),contourinterpolationandextrapolation,various�lters includingsmoothing,cleaning,
andconnectedcomponentanalysis.Althoughthedisplayis slice-oriented,many toolscanbeapplied
in both2D and3D. Sincetheeditordoesnot storecontourssurroundingregionsbut region labels,a
uniqueandwell-de�ned classi�cationis guaranteed.

1.2.4 SurfaceReconstruction

Oncethe interestingfeaturesin a 3D imagevolume have beensegmented,amira is able to create
a correspondingpolygonalsurfacemodel. Thesurfacemayhave non-manifoldtopologyif thereare
locationswherethreeor moreregionsjoin. Evenin thiscasethepolygonalsurfacemodelis guaranteed
to betopologicallycorrect,i.e. freeof self-intersections.Fractionalweightswhich areautomatically
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generatedduring segmentationallow the systemto producesmoothboundaryinterfaces. This way
realistichigh-qualitymodelscanbeobtained,evenif theunderlyingimagedataareof low resolutionor
containseverenoiseartifacts.Makinguseof innovativeaccelerationtechniques,surfacereconstruction
canbeperformedveryquickly. Moreover, thealgorithmis robustandfail-safe.

1.2.5 SurfaceSimpli�cation

Surfacesimpli�cation is anotherprominentfeatureof amira. It canbe usedto reducethe number
of trianglesin an arbitrarysurfacemodelaccordingto a user-de�ned value. Thus,modelsof �nite-
elementgrids,suitablefor beingprocessedon low-endmachines,canbe generated.The underlying
simpli�cation algorithmis oneof themostelaborateonesavailable. It is ableto preserve topological
correctness,i.e., self-intersectionscommonlyproducedby othermethodsareavoided. In addition,
the quality of the resultingmesh,accordingto measurescommonin �nite elementanalysis,canbe
controlled.For example,triangleswith longedgesor triangleswith badaspectratiocanbesuppressed.

1.2.6 Generationof Tetrahedral Grids (Mesh Pack)

Mesh Pack allows you not only to generatesurfacemodelsfrom your databut also to createtrue
volumetrictetrahedralgridssuitablefor advanced3D �nite-elementsimulations.Thesegridsarecon-
structedusinga �e xible advancing-frontalgorithm. Again, specialcareis taken to obtainmeshesof
high quality, i.e., tetrahedrawith badaspectratio areavoided. Severaldifferent�le formatsaresup-
ported,sothatthegrid canbeexportedto many standardsimulationpackages.In thedeveloperversion
additional�le formatscaneasilybeaddedby theuser.

1.3 Application Ar eas

amira is successfullybeingusedin a numberof differentapplicationareas.Amongtheseare:

� Medicine
� Biology
� MaterialSciences
� ComputationalFluid Dynamics
� Physics
� Geophysics
� Astrophysics

Examplesfrom thesedisciplinesareillustratedby severaldemoscriptscontainedin theonlineversion
of theuser'sguide.
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1.4 Packs

amira packsareadditionalsetsof modulesproviding solutionsfor dedicatedapplicationareas.Packs
canbeaddedto astandardamira installationatany time. For eachpackaseparatelicenseis required.
Currently, thefollowing packsareavailablefor amira 4.1:

� amira Developer Pack allows you to developyour own custommodules,�le readers,and�le
writersusingtheC++ programminglanguage.

� amira VR Pack is designedto enabletheuseof amira sadvanceddatavisualizationandanaly-
sisfeatureson immersiveVR systemsandtiled screencon�gurations.It hasbuilt-in supportfor
ef�cient multi-threadedrenderingonmultipipesystemsandfor distributedrenderingoncluster
systemsusingapplication-level distribution. This approachleadsto optimalperformancewith
minimal bandwidthrequirements.Trackingcapabilitiesallow for a true immersive experience
aswell asinteractionwith thevisualization.

� amira Molecular Pack addsadvancedtools for the visualizationof molecules. It combines
amira's strongcapabilitiesfor 3D datavisualizationsuchashardware-acceleratedvolumeren-
dering,with speci�c toolsfor molecularvisualizationanddataanalysis,suchasmolecularsur-
faces,sequencealignment,con�gurationdensitycomputation,andmoleculetrajectories.amira
MolecularPackincludesa verypowerful moleculeeditor.

� amira Mesh Pack supportsmeshgenerationfor �o w, stress,andthermalanalysis;for export
of surfaceor 3D meshesto solvers; and for post-processingof datacomingbackfrom these
solvers,providing verypowerful visualizationonscalar, vector, andtensor�elds.

� amira Lar ge Data Pack allows amira to dealwith datasetsup to 8GB. This allows you go
beyond the limit of 32-bitsaddressingandaveragesizedatasets. For datasetssmallerthan
1GB,a LargeDataPacklicenseis notnecessary.

� amira Very Lar geData Pack managesandvisualizesvery largeamountsof volumedata,up
to hundredsof gigabytes.Themulti-resolutiontechniqueusedin thispackallowsfor interactive
visualizationandnavigationthroughvastamountsof data.

� amira Quanti�cation+ Pack includesnew imageprocessingcapabilityaswell asimageanal-
ysisandquanti�cation tools. Very powerful for materialsciences,this packallows for ef�cient
statisticalanalysisof datain this applicationarea.

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

� amira SEG-Y Readerallowsfor importof SEG-Ydatain amira, makingamira averypower-
ful applicationfor building visualizationsonoil andgasdatasets.Coupledwith theamira Very
LargeDataPack,it allows for explorationof hugereservoir datasets.
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� CATIA 4, CATIA 5, IGES, and STEP readersfor amira allow the visualizationdatacom-
ing from the CAD �eld. Coupledwith amira VR Pack, thesereadersbring CAD modelsto
immersivevisualizationandcollaborativeenvironments.

� TNO Madymo For amira allows amira to build visualizationsfrom datain theMadymo�le
format. MADYMO is the world-wide standardfor occupantsafetyanalysis.It is usedexten-
sively in industrialengineering,designof�ces, researchlaboratories,andtechnicaluniversities.

� MecalogRadiossFor amira allowsamira to build visualizationsfrom datain theRadioss�le
format.Radiossfrom Mecalogis aCAE softwarepackagefor realisticindustrialsimulationsof
appliedmechanicsbasedonexplicit �nite elementtechniques.

� ResolveRT Pack supportsmicroscopy featuresaswell asdeconvolution.

� SkeletonPack supportsreconstructionandanalysisof vascularanddendriticnetworks.

Thefollowing tableshowsthelicensekeywordassociatedwith eachof theamira packs:

amira Pack Licensekeyword
DeveloperPack AmiraDev
VR Pack AmiraVR
MolecularPack AmiraMol
MeshPack AmiraMesh
LargeDataPack AmiraLD
VeryLargeDataPack AmiraVLD
Quanti�cation+Pack AmiraQuant
DICOM reader AmiraDicomReader
SEG-Yreader AmiraSegyReader
CATIA5 reader AmiraCatia5Reader
CATIA4 reader AmiraCatia4Reader
IGESreader AmiraIgesReader
STEPreader AmiraStepReader
TNO Madymoreader AmiraMadymoReader
MecalogRadiossreader AmiraRadiossReader
ResolveRT Pack ResolveRT
SkeletonPack AmiraSkel

For additional information about amira and its packs, please refer to the amira web site,
www.mc.com/tgs.
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Chapter 2

First stepsin amira

This chaptercontainsstep-by-steptutorials illustrating the useof amira. The tutorials are almost
independentof eachother, so after readingthe basicsin the GettingStartedsectionit is possibleto
follow eachtutorial without knowing the others. If you go throughall tutorialsyou will get a good
survey of amira's basicfeatures.In particular, thesetopicswill becovered:

� Gettingstarted- thebasicsof amira
� Readingimages- how to readimages
� Visualizing3D images- slices,isosurfaces,volumerendering
� Imagesegmentation- segmentationof 3D imagedata
� Surfacereconstruction- surfacereconstructionfrom 3D images
� Grid generation- creatinga tetrahedralgrid from atriangularsurface
� Warping- how to work with landmarksets
� 3D imageregistration- how to register3D imagedatasets
� Alignmentof 2D PhysicalCross-Sections- how to reconstructa3D model
� Vector®elds- streamlinesandothertechniques
� TheDemoMakermodule- creatinganimationswith theDemoMakermodule
� Creatingmovie ®les- how to usetheMovieMakermodule
� UsingMATLAB - how to usetheCalculusMatlabmodule

In all tutorialsthestepsto be performedby theuseraremarkedby a dot. If you only want to get a
quick ideahow to work with amira you mayskip theexplanationsbetweensuccessive stepsandjust
follow theinstructions.But in orderto getadeeperunderstandingyou shouldreferto thetext.

Note: If you want to visualizeyour own data,please�rst refer to Section4.1. This sectioncontains
somegeneralhintsonhow to importdatasetsinto amira.



2.1 Getting Started

In this sectionyouwill learnhow to

1. starttheprogram
2. loada demodatasetinto thesystem
3. invokeeditorsfor editingthedata
4. connectvisualizationmodulesto thedata
5. interactwith the3D viewer.

Thefollowing text hastheform of ashortstep-by-steptutorial. Eachstepbuildsonthestepsdescribed
before. We recommendthat you readthe text online andcarry out the instructionsdirectly on the
computer. Instructionsare indicatedby a dot so you canexecutethemquickly without readingthe
explanationsbetweentheinstructions.

� OnaWindowssystem,selecttheamira iconfrom thestartmenu.OnaUnix system,startamira
by enteringamira in a shellwindow.

If thereis no suchcommand,thesoftwarehasnot beenproperlyinstalled.In this casetry to execute
thescriptbin/start locatedin theamira rootdirectory.

Whenamira is running,a window like theoneshown in Figure2.1 appearson thescreen.Theuser
interfaceis dividedinto four majorregions.The3D viewerwindow displaysvisualizationresults,e.g.,
slicesor isosurfaces.The Pool will containsmall iconsrepresentingdataobjectsandmodules.The
PropertiesAreadisplaysinterfaceelements(ports) associatedwith amira objects.Finally, the lower
left paneis sharedby theconsoleandamira's integratedhypertext helpbrowser. Click on theConsole
or Help tab to selectwhich window you want to view. The consoleprints systemmessagesandlets
youenteramira commands.Youcanusethehelpbrowserto readtheuser'sguideonline.

Youcanalsoactivatethehelpbrowserby pressingF1,selectingUser's Guidefrom theHelp menuof
amira'smainwindow, or by typinghelp in theconsolewindow.

2.1.1 Loading Data

Usually, the�rst thing you will do afterstartingamira is to loada dataset.Let's seehow this canbe
done:

� ChooseOpenData ... from theFile menu.

After selectingthis menuitem, the�le dialogappears(seeFigure2.2). By default thedialogdisplays
thecontentsof the �rst directoryde�ned in the environmentvariableAMIRA DATADIR. If no such
variableexists thecontentsof amira's demodatadirectoryaredisplayed.You canquickly switch to
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Figure 2.1: Theamira userinterfaceconsistsof � ve majorparts:the3D viewer (1), thePool (2), thePropertiesArea(3), the
consolewindow (4), andthehelpbrowser(5).

otherdirectories,e.g.,to thecurrentworkingdirectory, usingthedirectorylist locatedin theupperpart
of thedialogwindow.

At the top of thePool is anOpenDatabuttonwhich is a shortcutto theFile/OpenDatadialog. You
mayuseit for openingdata�les in thetutorialsthatfollow. However, thetutorialswill instructyou to
usetheFile/OpenDatacommand.

amira is ableto determinemany �le formatsautomatically, eitherby analyzingthe�le headeror the
�le namesuf�x. The formatof a particular�le will be printedin the �le dialog right besidethe �le
name.

Now, wewould like to loadascalar�eld from oneof thedemodatadirectoriescontainedin theamira
distribution.

� Changeto thedirectorydata/tutorials , selectthe�le lobus.am andpressOK.

Thedatawill be loadedinto thesystem.Dependingon its sizethis maytake a few seconds.The�le
is storedin amira's native AmiraMeshformat. The�le lobus.am contains3D imagedataof a part
of a fruit �y' s brain,namelyan optical lobe,obtainedby confocalmicroscopy. This meansthedata
representsa seriesof parallel2D imageslicesacrossa 3D volume.Onceit hasbeenloaded,thedata
setappearsasagreenicon in thePool. In thefollowing we call this dataset“lobusdataset”.

� Click on thegreendataiconwith theleft mousebuttonto selectit.

Thiscausessomeinformationaboutthedatarecordto bedisplayedin thePropertiesArea(Figure2.3).
In ourcasewecanreadoff thedimensionsof thedataset,theprimitivedatatype,thecoordinatetype,
aswell asthevoxel size. To deselectthe icon, click on anemptyareain thePoolwindow. You may
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Figure 2.2: Data setscan be loadedinto amira using the �le browser. In most cases,the �le format can be determined
automatically. This is doneby eitheranalyzingthe�le headeror the�le namesuf�x.

Figure 2.3: Dataobjectsarerepresentedby greeniconsin thePool.Onceaniconhasbeenselectedinformationaboutthedata
setsuchasits sizeor its coordinatetypeis displayedin thePropertiesArea.
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alsopick theiconwith theleft mousebuttonanddragit aroundin thePool.

Clicking onanobjecttypically causesadditionalbuttonsto bedisplayedin thebuttonareaat thetopof
thePool. Thesebuttonsareconveniencebuttonsallowing easyone-clickaccessto themodulesmost
frequentlyusedby theselectedobject.Thetutorials,however, will haveyouto accessmodulesvia the
menuinterfaceto helpfamiliarizeyouwith theorganizationof moduleswithin amira.

2.1.2 Invoking Editors

After selectinganobject,in additionto thetextual information,somebuttonsappearin theProperties
Area,to thefar right of thedataobject's name.Thesebuttonsrepresenteditors which canbeusedto
interactivelymanipulatethedataobjectin someway. Forexample,all dataobjectsprovideaparameter
editor. This editor canbe usedto edit arbitraryattributesassociatedwith thedataset,e.g.�lename,
originalsize,or boundingbox. Anotherexampleis thetransformeditorwhichcanbeusedto translate
or rotatethedatain world coordinates.However, at thispointwedon't wantto go into details.Wejust
wantto learnhow to createanddeleteaneditor:

� Invokeoneof theeditorsby clicking onaneditoricon.
� Closetheeditorby clicking againon theeditoricon.

Furtherinformationaboutparticulareditorsis providedin theuser's referencemanual.

2.1.3 Visualizing Data

Dataobjectslike thelobusdatacanbevisualizedby attachingdisplaymodulesto them.Eachicon in
thePoolprovidesa popupmenufrom whichmatchingmodules,i.e.,modulesthatcanoperateon this
speci�c kind of data,canbeselected.To activatethepopupmenu

� click with theright mousebuttonon thegreendataicon. ChoosetheentrycalledBoundingBox.

After you releasethemousebutton,a new BoundingBoxmoduleis createdandis automaticallycon-
nectedto the dataobject. The BoundingBox objectis representedby a yellow icon in thePool and
theconnectionis indicatedby a blueline connectingtheicons.At thesametime, thegraphicsoutput
generatedby theBoundingBoxmodulebecomesvisible in the3D viewer. Sincetheoutputis not very
interesting,in this casewe will connectaseconddisplaymoduleto thedataset:

� ChoosetheentrycalledOrthoSlicefrom thepopupmenuof thelobusdataset.
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Figure 2.4: In order to attacha moduleto a dataset,click on the greenicon usingthe right mousebutton. A popupmenu
appearscontainingall moduleswhichcanbeusedto processthis particulartypeof data.

Now a 2D slicethroughtheopticallobeis shown in theviewerwindow. Initially, a sliceorientedper-
pendicularto thez-directionandcenteredinsidetheimagevolumeis displayed.Slicesarenumbered
0,1, 2, andsoon. Theslicenumberaswell astheorientationareparametersof theOrthoSlicemodule.
In orderto changetheseparameters,you mustselectthe module. Like for the greendataicon, this
is doneby clicking on theOrthoSliceicon with the left mousebutton. By theway, in contrastto the
BoundingBox, theOrthoSliceicon is orange,indicatingthatthis modulecanbeusedfor clipping.

� SelecttheOrthoSlicemodule.

Now you shouldseevariousbuttonsandslidersin the PropertiesArea, orderedin rows. Eachrow
representsa port allowing you to adjustoneparticularcontrolparameter. Usually, thenameof a port
is printedat thebeginningof a row. For example,theport labeledSliceNumberallowsyou to change
theslicenumbervia a slider.

� SelectdifferentslicesusingtheSliceNumberport.

By default, OrthoSlicedisplayssliceswith axial orientation,i.e., perpendicularto the z-direction.
However, themodulecanalsoextractslicesfrom theimagevolumeperpendicularto x- andy-direction.
Thesetwo alternateorientationsaresometimesreferredto assagittal andcoronal (thesearestandard
phrasesusedin radiology).

2.1.4 Interaction with the Viewer

The3D viewer letsyoulook at themodelfrom differentpositions.If youclick ontheTrackball button
in theviewer toolbar, moving themouseinsidetheviewerwindow with theleft mousebuttonpressed
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Figure 2.5: Visualizationresultsaredisplayedin the3D viewer window. Parametersor portsof a modulearedisplayedin the
PropertiesAreaafteryou selectthemodule.

letsyou rotatetheobject.If youclick on theTranslateor theZoombuttons,youcantranslateor zoom
theobject.(For zoom,movethemouseupanddown.)

Alternatively, with themiddlemousebuttonpressedyou cantranslatetheobject. For zoomingpress
boththeleft andthemiddlemousebuttonsat thesametimeandmovethemouseupor down.

Noticethatthemousecursorhastheshapeof alittle handinsidetheviewerwindow. Thisindicatesthat
the viewer is in viewing mode. By pressingthe ESCkey you canswitch the viewer into interaction
mode. In this mode, interactionwith the geometrydisplayedin the viewer is possibleby mouse
operations.For example,whenusingOrthoSliceyou canchangetheslicenumberby clicking on the
sliceanddraggingit.

� Selectdifferentbuttonsof theOrientationport of theOrthoSlicemodule.
� Rotatetheobjectin amoregeneralposition.
� Disabletheadjustview togglein theOptionsport.
� ChangetheorientationusingtheOrientationport again.
� ChoosedifferentslicesusingtheSliceNumberportor directly in theviewerwith theinteraction

modedescribedabove.

Eachdisplaymodulehasa viewer toggle by which you canswitchoff thedisplaywithout removing
the module. This button is just to the right of the coloredbar wherethe modulenameis shown as
illustratedbelow.

� Deactivateandactivatethedisplayof theOrthoSliceor BoundingBoxmoduleusingtheviewer
toggle.
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Figure2.6: TheOrthoSlicemoduleis ableto extractarbitraryorthogonalslicesfrom aregular3D scalar�eld or imagevolume.

If youwantto removeamodulepermanently, selectit andchooseRemoveObjectfrom thePool menu.
ChooseRemoveAll from thesamemenuto removeall modules.

� Remove theBoundingBoxmoduleby selectingits icon andchoosingRemoveObjectfrom the
Pool menu.

� Removeall remainingmodulesby choosingRemoveAll Objectsfrom thesamemenu.

Now thePoolshouldbeemptyagain.You maycontinuewith thenext tutorial, i.e., theoneon scalar
®eld visualization.

2.2 How to load imagedata

Loadingimagedatais oneof themostbasicoperationsin amira. Otherthanwith 2D images,there
arenot many standardized�le formatscontaining3D images.This tutorial guidesyou by meansof
examplesonhow to loadthedifferentkindsof 3D imagesinto amira. In particularthis tutorial covers
thefollowing topics:

1. UsingtheFile/OpenData...browserandsettingthe�le format.
2. Reading3D imagedatafrom multiple2D slices.

16 Chapter2: First stepsin amira



3. Settingtheboundingboxor voxel sizeof 3D images.
4. TheStackedSlices�le format.
5. Working with LargeDiskData.

2.2.1 The amira �le browser

Imagedatais loadedin amirawith theFile/OpenData... dialog. All ®le formatssupportedby amira
arerecognizedautomaticallyeitherby a dataheaderor by the�le namesuf�x. What follows is only
of concernin thesecases:

� Theautomatic�le formatdetectionfails.
� 3D imagedatais storedin several2D �les.
� Thedatais largerthantheavailablemainmemory.

Setting the �le format
In mostcasesthe format of a �le is determinedautomatically, eitherby checkingthe �le headeror
by comparingthe �le namesuf�x with a list of known suf�x es. In the loaddialog the �le format is
displayedin aseparatecolumnin detailview.

Example:

� FilescontainingthestringAmiraMesh in the�rst line areconsideredAmiraMesh�les.
� Fileswith thesuf�x .stl areconsideredSTL �les.

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

2.2.2 Reading3D imagedata fr om multiple 2D slices

A commonway to store3D imagedatais to write a separate2D image�le for eachslice. The 2D
imagesmaybewritten in TIFF, BMP, JPEG,or any othersupportedimage®le format. In orderto load
suchdatain amira, all 2D slicesmustbeselectedsimultaneouslyin the�le browser. Thiscanbedone
by clicking the�rst �le andshift clicking thelastone.

� OpentheFile/OpenData...dialog.
� Browseto the/Amira-4.1/data/multichannel1/chann el/ directory.
� Selectthe�rst �le pvcca1.0001.jpeg
� Shift -click thelast�le (pvcca1.0048.jpeg ).
� Click Load.
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Figure 2.7: TheFormatoptionof the�le browser

Figure2.8: Loadingmultiple2D images
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Figure2.9: Thede�nition of theboundingboxin amira. Differentgrayshadesdepicttheintensityvaluesde�nedontheregular
grid (white lines).Theblacksquaredepictstheextentof onevoxel. Theouterframedepictstheextentof theboundingbox.

2.2.3 Setting the bounding box

Whenloadingaseriesof bitmapimages,usuallythephysicaldimensionsof theimagesarenotknown
to amira. ThereforeanImageReadParametersdialogappearsthatpromptsyoufor enteringthephys-
ical extent of the boundingbox. Alternatively, the sizeof a singlevoxel canbe set. In amira the
boundingbox of an objectis thesmallestrectangular, axis-alignedvolumein 3D spacethatencom-
passestheobject. Notethat in amira theboundingboxof a uniformdatasetextendsfromthecenter
of the �r st voxelto thecenterof the last one. For example, if youhave256voxelsandyouknowthe
voxelsizeto be1 mm,theboundingboxshouldbesetto 0 - 255(or to someshiftedrange).

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

This methodwill alwayscreatea datasetwith uniform coordinates,i.e., uniform slice distance.In
caseof variableslicedistances,theStackedSlicesformatshouldbeused.

2.2.4 The Stacked Slices�le format

Especiallywith histologicalserialsectionsit oftenhappensthatslicesarelost duringpreparation.To
handlesuchcases,amira providesa specialdatatype correspondingto a �le format,calledStacked
Slices. This �le format allows a stackof individual image�les to be readwith optional z- values
for eachslice. Theslicedistanceis not requiredto beconstant.The imagesmustbeone-channelor
RGBA imagesin an imageformatsupportedby amira(e.g. TIFF). Thereaderoperateson anASCII
description�le, whichcanbewrittenwith any editor. Hereis anexampleof adescription�le:

# 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
picture1.tif 10.0
picture7.tif 30.0
picture13.tif 60.0
colstars.jpg 330.0
end

Someremarkson thesyntax:

� # Amira Stacked Slices is anoptionalheaderthatallowsamirato automaticallydeter-
minethe�le format.

� pathname is optionalandcanbe includedif thepicturesarenot in thesamedirectoryasthe
description�le. A spaceseparatesthetag”pathname”from theactualpathname.

� pixelsize is optional,too. Thestatementspeci�esthepixel sizein x- andy-directions.The
boundingboxof theresulting3D imageis setfrom 0 to pixelsize*(numberof pixels-1).

� picture1.tif 10.0 is thenameof thesliceandits z-value,separatedby aspacecharacter.
� end indicatestheendof thedescription�le.
� Commentsareindicatedby ahash-markcharacter(#).

2.2.5 Working with Lar geDisk Data

Sometimesimagedataaresolargethat they do not �t into themainmemoryof thecomputer. Since
theamira visualizationmodulesrely on the fact thatdataarein physicalmemory, this would mean
thatsuchdatacannotbedisplayedin amira. To overcomethis, a specialpurposemoduleis provided
thatleavesmostof thedataondiskandretrievesonly auser-speci�edsubvolume.Thissubvolumecan
thenbevisualizedwith thestandardvisualizationmodulesin amira.

� UsetheFile/OpenData...dialogandgo to c:/ProgramFiles/Amira-4.1/data/medical/
� Right-click on thereg005.ctdata.amandselecttheFormatentryfrom thepop-updialog
� SelectAmiraMeshasLargeDiskDataasformatandcon�rm yourchoicewith OK.
� PresstheLoadbutton.

The datawill be displayedin the Pool asa regular greendataicon. The info line indicatesthat it
belongsto thedataclassHxRawAsExternalData.

� Rightmouseclick, attacha BoundingBoxmodule.
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Figure2.10: Theusageof AmiraMeshasLargeDiskData. For instantaneousupdate,theauto-refreshcheckboxesof theAccess
andIsosurfacemoduleshave beenchecked

� Rightmouseclick, attachanAccessmodule.
� SelecttheAccessmodulein thePoolandenter224,161,and59 into theBoxSizetext �elds.
� CheckSubsampleandenter4 4 2 into theSubsample�elds andpresstheApplybutton.

This retrievesa down-sampledversionof thedata.Disconnectthereg005.view.amdataicon from the
Accessmoduleanduseit asanoverview (e.g.with OrthoSlice).

� SelecttheAccessmodulein thePoolanddeselectthesubsamplecheckbox.
� Usethedraggerbox in theviewer to resizethesubvolume.
� PresstheApplybutton.
� AttachanIsosurfacemoduleto thereg005.view2.am(setthresholdsetto 100).

Tip: To browsethe data,checkthe auto-refreshcheckbox for the AccessandIsosurfacemodules.
Now eachtime thebluesubvolumedraggeris repositioned,thevisualizationis updatedautomatically.

Loading AmiraMesh, StackedSlices, and Raw ”asLargeDiskData” is a convenientand fast way of
exploring datathat exceedthesizeof systemmemory. However, especiallywith StackedSlices, it is
notalwaysthemostef�cient wayof doingthis. amira canstoretheimagedatain aspecialformatthat
facilitatestherandomretrieval of datafrom disk.

� Choosefrom theCreate/DatamenuConvertToLargeDiskData
� Click Browsefrom theInputport.
� Click Add, go to /Amira-4.1/data/medical/ andselectreg005.ctdata.am , then

click Load.
� Click Browsefrom theOutputport.
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Figure2.11: TheInputdialogof theConvertToLargeDiskDatamodule.

� Go to C:/tmp/ andentera �lename of yourchoice.
� PresstheApplybutton.

Althoughyouwill mostlikely notnoticeany differencewith thesmallimagedatausedin this tutorial,
thismethodfor retrieving largedatasigni�cantly acceleratestheApplyoperation.

2.3 Visualizing 3D Images

This sectionprovides a step-by-stepintroductionto the visualizationof regular scalar�elds, e.g.,
3D imagedata. amira is ableto visualizemorecomplex datasets,suchasscalar�elds de�ned on
curvilinearor tetrahedralgrids. Nevertheless,in this sectionwe considerthe simplestcase,namely
scalar�elds with regular structure.Eachstepbuilds on the stepbefore. In particular, the following
topicswill bediscussed:

1. orthogonalslices
2. simplethresholdsegmentation
3. resamplingthedata
4. displayinganisosurface
5. croppingthedata
6. volumerendering

Westartby loadingthedatayoualreadyknow from Section2.1(GettingStarted):a3D imagedataset
of apartof afruit �y' sbrain.Thedatasethasbeenrecordedwith aconfocallaserscanningmicroscope
at theUniversityof Wuerzburg.

� Loadthe�le lobus.am locatedin subdirectorydata/tutorials .
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Figure 2.12: Lobusdatasetvisualizedusingthreeorthogonalslices.

2.3.1 Orthogonal Slices

The fastestand in many casesmost “standard”way of visualizing 3D imagedatais by extracting
orthogonalslicesfrom the 3D dataset. amira allows you to displaymultiple sliceswith different
orientationssimultaneouslywithin asingleviewer.

� ConnectaBoundingBoxmoduleto thedata(useright mouseon lobus.am).
� ConnectanOrthoSlicemoduleto thedata.
� Connectasecondandthird OrthoSlicemoduleto thedata.
� SelectOrthoSlice2andpressxzor coronal in theOrientationport.
� Similarly, for OrthoSlice3chooseyzor sagittal orientation.
� Rotatetheobjectin theviewer to a moregeneralposition.
� Changetheslicenumbersof thethreeOrthoSlicemodulesin therespective portsor directly in

theviewerasdescribedin sectionGettingStarted.

In additionto theOrthoSlicemodule,which allows you to extractslicesorthogonalto thecoordinate
axes,amira alsoprovidesa modulefor slicing in arbitraryorientations.This moregeneralmoduleis
calledObliqueSlice. You might want to try it by selectingit from theDisplay submenuof the lobus
datapopupmenu.

2.3.2 Simple Data Analysis

The valuesof the data window port of the OrthoSlicemoduledeterminewhich scalarvaluesare
mappedto black or white, respectively. If you choosea rangeof e.g., 30...100,any valuesmaller
or equalto 30will becomeblack,andall pixelswith anassociatedvalueof morethen100will become
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Figure2.13: By adjustingthedatawindow of theOrthoSlicemoduleasuitablevaluefor thresholdsegmentationcanbefound.
Intensityvaluessmallerthanthemin valuewill bemappedto black,intensityvaluesbiggerthanthemaxvaluewill bemapped
to white.

white. Try modifying therange.This port providesa simpleway of determininga threshold,which
later canbe usedfor segmentation,e.g., in biology or medicineto separatebackgroundpixels from
anatomicalstructures.This canbe mosteasilydoneby makingthe minimum andmaximumvalues
coincide.

� Removetwo of theOrthoSlicemodules.
� SelecttheremainingOrthoSlicemodule.
� Makesurethatthemappingtypeis setto linear.
� Changetheminimumandmaximumvaluesof thedatawindow port until thesevaluesarethe

sameand a suitablesegmentationresult is obtained. For this dataset 85 shouldbe a good
thresholdvalue.

A morepowerful wayof quantitatively examiningintensityvaluesof adatasetis to useadataprobing
modulePointProbeor 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 dataset with a coarserresolution. Although this is
not necessaryfor the isosurfacetool to work, it decreasescomputationtime andimprovesrendering
performance.In addition,youwill getacquaintedwith anothertypeof module.TheResamplemodule
is a computationalmodule.Computationalmodulesarerepresentedby redicons.Typically you must
pressthegreenApplybuttonat thebottomof thePropertiesAreato startthecomputation.After you
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Figure2.14: Lobusdatasetvisualizedin 3D usinganisosurface.

pressthis buttonthey producea new dataobjectcontainingtheresult.

� ConnectaResamplemoduleto thedataandselectit.
� Entervaluesfor a coarserresolution,e.g.,x=64,y=64,z=43.
� PresstheApplybutton.

A new greendataiconrepresentingtheoutputof theresamplecomputationnamedlobus.Resampledis
created.Youcantreatthisnew datasetliketheoriginal lobusdata.In thepopupmenuof theresampled
lobusyou will �nd exactly thesameattachablemodulesandyou cansave andloadit like theoriginal
data.

You maywant to comparetheresampleddatasetwith theoriginal oneusingtheOrthoSlicemodule.
Youcansimplypick theblueline indicatingthedataconnectionanddragit to a differentdatasource.
Whenever themousepointeris over a valid source,theconnectionline appearshighlightedin lighter
blue.

2.3.4 Displaying an Isosurface

For 3D imagedatasets,isosurfacesareusefulfor providinganimpressionof the3D shapeof anobject.
An isosurfaceenclosesall partsof a volumethatarebrighterthansomeuser-de�ned threshold.

� Turnoff theviewer toggleof theOrthoSlicemodule.
� ConnectanIsosurfacemoduleto theresampleddatarecordandselectit.
� Adjust thethresholdport to 85or asimilar value.
� PresstheApplybutton.
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2.3.5 Cropping the Data

Croppingthedatais usefulif you areinterestedin only a partof the �eld. A cropeditor is provided
for this purpose.Its useis describedbelow:

� Removetheresampleddatalobus.Resampled.
� Activatethedisplayof theOrthoSlicemodule.
� Selectthelobus.amdataicon.
� Click on theCropEditorbuttonin thePropertiesArea.

A new window popsup. Thereare two waysto crop the dataset. You caneither type the desired
rangesof x, y, andz coordinatesinto thecropeditor'swindow or put theviewer into interactionmode
andadjustthecropboxusingthegreenhandlesdirectly in theviewerwindow.

� Puttheviewer into interactionmode.
� With theleft mousebutton,pick oneof thegreenhandlesattachedto thecropvolume.Dragand

transformthevolumeuntil thepartof thedatayou areinterestedin is included.
� PressOK in thecropeditor'sdialogwindow.

The new dimensionsof the datasetaregiven in the PropertiesArea. If you want to work with this
croppeddatarecordin later sessionsyou shouldsave it by choosingSaveData As ... from the File
menu.

As you alreadymight havenoticed,thecropeditoralsoallowsyou to rescaletheboundingbox of the
dataset.By changingtheboundingbox alone,no voxelswill becropped.You mayalsousethecrop
editorto enlargethedataset,e.g.,by enteringa negativevaluefor thek min number. In this casethe
�rst sliceof thedatasetwill beduplicatedasmany timesasnecessary. Also, theboundingboxwill be
updatedautomatically.

2.3.6 VolumeRendering

VolumeRenderingis avisualizationtechniquethatgivesa3D impressionof thewholedatasetwithout
segmentation.Theunderlyingmodelis basedon theemissionandabsorptionof light thatpertainsto
everyvoxel of theview volume.Thealgorithmsimulatesthecastingof light raysthroughthevolume
from pre-setsources.It determineshow muchlight reacheseachvoxel on the ray andis emittedor
absorbedby thevoxel. Thenit computeswhatcanbeseenfrom thecurrentviewing point asimplied
by thecurrentplacementof thevolumerelative to theviewing plane,simulatingthecastingof sight
raysthroughthevolumefrom theviewing point.

Youcanchoosebetweentwo differentmethodsfor thesecomputations:maximumintensityprojections
or anordinaryemission-absorptionmodel.

� Removeall objectsin thePoolotherthanthelobus.amdatarecord.
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Figure2.15: Thecropeditorworksonuniformscalar�elds. It allowsyouto cropadataset,to enlargeit by replicatingboundary
voxels,or to modify its coordinates,i.e. to scaleor shift its boundingbox.

� ConnectaVoltex moduleto thedata.
� Selectthedataiconandreadoff therangeof datavaluesprintedon the�rst info line (22...254).
� SelecttheVoltex moduleandentertherangein theColormapport.
� PresstheApply button in orderto performsometexture preprocessingwhich is necessaryfor

visualizingthedata.

By default, emission-absorptionvolumerenderingis shown. The amountof light beingemittedand
absorbedby a voxel is takenfrom thecolor andalphavaluesof thecolormapconnectedto theVoltex
module.In our examplethecolormapis lessopaquefor smallervalues.You maytry to setthelower
boundof the colormapto 40 or 60 in order to get a betterfeeling for the in�uence of the transfer
function. In orderto computemaximumintensityprojections,choosethemipoptionof portOptions.

Internally, thevoltex modulemakesheavy useof OpenGLtexturemapping.Both texturemodes,2D
and3D,areimplemented.3D texturesyieldslightly betterresults.However, thismodeis notsupported
by all graphicsboards.The3D texturemoderequiresyou to adjustthenumberof slicescut through
theimagevolume.Thehigherthis numberthebettertheresultsare.

Alternatively, 2D texturescanbeusedfor volumerendering.In this case,slicesperpendicularto the
majoraxesareused.You mayobserve how thesliceorientationchangesif you slowly rotatethedata
set.The2D texturemodeis well suitedfor mid-rangegraphicsworkstationswith hardwareaccelerated
texturemapping.If your computerdoesnot supporthardwaretexturemappingat all, you shoulduse
visualizationtechniquesotherthanvolumerendering.

� Makesurethemip buttonof portOptionsis unchecked.
� If 3D texturemodeis enabled,chooseabout200slices.
� Click with theright mousebuttononport ColormapandchoosevolrenRed.icol.
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Figure 2.16: TheVoltex modulecanbeusedto generatemaxmimumintensityprojectionsaswell asvolumerenderingsbased
onanemission-absoprtionmodel.In bothcases,2D or 3D texturemappingtechniquescanbeappliedapplied.

� SetLookupto RGBA andchangethemin andmaxvaluesof thecolormapto 40and150.
� Finally, pressApplyin orderto initialize theVoltex textures.

Whenever you choosea differentcolormapor changethemin andmax valuesof the colormap,you
mustpresstheApplybuttonagain.Thiscausestheinternaltexturemapsto berecomputed.An excep-
tion areSGI systemswith In�nite Realitygraphics.On theseplatformsa hardware-speci�cOpenGL
extensionis exploited,causingcolormapchangesto takeeffect immediately.

2.4 Segmentationof 3D Images

By following this step-by-steptutorial you will learnhow to interactively createa segmentationof
a 3D image. A segmentationassignsto eachpixel of the imagea label describingto which region
or materialthepixel belongs,e.g.,boneor thekidney. Thesegmentationis storedin a separatedata
objectcalledaLabelField. A segmentationis theprerequisitefor surfacemodelgenerationor accurate
volumemeasurement.

This tutorial comprisesthefollowing steps:

1. Creationof anemptyLabelField.
2. Interactiveeditingof thelabelsin theImageSegmentationEditor.
3. Measuringthevolumeof thesegmentedstructures.
4. An alternativesegmentationmethod:Thresholdsegmentation.
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2.4.1 Interacti ve ImageSegmentation

� Loadthelobus.amdata�le from thedirectorydata/tutorials.
� Rightclick on thegreeniconandchooseLabelField from theLabellingsection.

A new greeniconappears,theLabelFieldthatwill hold thesegmentationresults.Simultaneously, the
imagesegmentationeditoris displayedin the3D viewerpane.

By default, thesegmentationeditoroperatesin 4-viewer mode. In this mode,three2D viewerswith
differentorientationsandanadditional3D vieweraredisplayed.

The tools of the segmentationeditoraredisplayedwherethePool andPropertiesAreaarenormally
displayed.You canclick on thetabsat thetop of this region to switchbetweenthetwo displays.For
this tutorial,you'll wantto displaythesegmentationtools.

� Usethemouseto expandtheviewersothatyouhavemoreroomto maneuver in.
� In thelower right view, usetheslideron thebottomto scroll throughtheslices.Go to slice20.

Youseetwo biggerstructuresandonestructurejust appearingon thetop.
� If necessary, click onthesecondbuttonunderthelabelZoomandDataWindowto zoomout the

datasothatyouhaveaview of theentireslice.
� Click on thesecondbuttonunderthelabelTools, thebrush.
� Mark therightmoststructurewith themouse.Hold down thecontrolbuttonto unselectwrongly

selectedpixelsif necessary.
� When done,selectthe entry Inside in the Materials list. Then click the + button underthe

Selectionlabel.

Thepreviouslyselectedpixelsarenow assignedto thematerialInside.Youcanright click ontheentry
Insidein theMaterialslist andchooseadifferentdraw style(for example,dotted).

� Click into themateriallist andchooseNew Material from theright buttonmenu.
� Mark themiddlestructureusingthebrush,selectthenew materialin theMaterialslist andassign

thepixelsto thatstructure.
� Go to slice21andpracticeby segmentingthetwo structures.

Hint: If you prefer to work with onelarger view ratherthanfour smallerviews, click on the Lay-
out1button in theviewer toolbar. To cycle througheachof the four views, presstheLayout1button
repeatedly. To returnto 4-viewermode,presstheLayout4button.

If a structuredoesnot changea lot from sliceto slice,youcanuseinterpolation.

� Go to slice22 andmark theright structureusingthebrush.Go to slice31 andmark thesame
structure.

� Choosefrom themenubar: Selection/Interpolate.
� Scroll throughthedataset.Youshouldseethatthein betweenslices23 to 30areselectedtoo.
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Figure 2.17: Imagesegmentationeditorafterselectingandassigningpixelsfor two structuresin oneslice

� In orderto assigntheselectedpixelsin all slicesto theInsidematerial,selecttheInsidematerial
in thelist, thenclick the+ button.

� Repeattheprocedurebetweenslice32and50.
� Repeattheprocedurefor themiddlestructure.

Hints:

� It is highly recommendedto frequentlysavethesegmentationresultswhile working. In orderto
do so,selectthe label �eld in theamira mainwindow andchooseSaveor SaveAs... from the
amira File menu.

� The brushis only the mostbasicsegmentationtool. The segmentationeditor providesmany
morefunctionsthataredescribedon its referencepage.

� Therearemany usefulkey bindings,including SPACE andBACKSPACE to changethe slice
numberor ”d” to togglethedraw style.

� Of courseyou cangive thematerialsmoremeaningfulnamesor colorsusingthecontext menu
(right mousebuttonin thelist).

At thispointyoumaywantto closetheeditorby pressingtheClosebutton.Savethelabel�eld. In the
next tutorial youwill learnhow to createa3D surfacemodelfrom thesegmentationresults.

2.4.2 VolumeMeasurement

Onceastructureis segmented,youcaneasilymeasureits volume:

� Rightclick on theLabelField'sgreenicon. ChooseMeasure/TissueStatistics.
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� PresstheApplybutton.A new iconappears.
� Selectthis iconandpresstheShowbutton.

Theunits in thevolumecolumndependon theunitsyou have speci�ed thevoxel size. In caseof the
lobus.am, thevoxel sizeis in �m , thereforethevolumeis in �m 3.

2.4.3 ThresholdSegmentation

We now describean alternative way of segmentation,which canrequirelessmanualinteraction,but
only worksfor imageswith goodquality.

In somecasesasatisfyingsegmentationcanbeachievedautomaticallybasedsolelyon thegrayvalues
of theimagedataset.

The �rst stepis to separatetheobjectfrom thebackground.This is doneby segmentingthevolume
into exteriorandinterior regionson thebasisof thevoxel values.

� Loadthelobus.amdatarecordfrom thedirectorydata/tutorials.
� Attacha LabelVoxel moduleto thedataiconandselectit.
� Type85into thetext �eld of portExterior-Inside. Youmayalsodeterminesomeotherthreshold

thatseparatesexteriorandinteriorasdescribedin thetutorial on ImageDataVisualization.
� PresstheApplybutton.

By this procedureeachvoxel having a valuelower thanthethresholdis assignedto Exterior andeach
voxel whosevalueis greaterthanor equalto thethresholdis assignedto Interior. This may, however,
causeartifactsthat arenot part of the objectbut which have voxel valuesabove the thresholdto be
assignedto theinterior. Thiscanbesuppressedby settingtheremovecouch optionwhichassuresthat
only thebiggestcoherentareawill be labeledasthe interior andall othervoxelsareassignedto the
exterior.

After you pressthe Apply button, a new dataobject is computedand its icon appearsin the Pool.
The dataobject is denotedlobus.Labels. It is of type LabelField, representsa cubic grid with the
samedimensionsaslobus.am, andcontainsaninterioror exterior labelfor eachvoxel accordingto the
segmentationresult.

2.4.4 Re�ning ThresholdSegmentationResults

You canvisualizeandmanuallymodify a LabelFieldby usingamira's imagesegmentationeditor. A
moredetaileddescriptionof this tool is containedin the User's Referenceguide. Here,we usethe
imagesegmentationeditorto smooththedatain orderto getanicerlookingsurfaceof theobject.

� Selectthe lobus.Labelsicon andclick on theImageSegmentationicon in thegreentitle bar in
thePropertiesArea.
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Figure2.18: Datafrom confocalmicroscopy is segmentedusingamira's imagesegmentationeditor.

In responsetheimagesegmentationeditoris poppedup.

� In thelower right view, usetheslideron thebottomto selectslice39.
� Chooseamagni�cationratioof 2:1by pressingthezoom-upbuttonin theZoomandDataregion

of theeditor.

Theimagesegmentationeditorshows theimagedatato besegmented(lobus.am) aswell asbrownish
contoursrepresentingthebordersbetweeninteriorandexteriorregionsascontainedin thelobus.Labels
dataobject.As you cansee,thebordersarenot sosmoothandtherearemany little islands,bordered
by brownishcontours.This is whatwe wantto improvenow.

� ChooseRemoveIslandsfrom theeditor's Segmentationmenu. In response,a little dialogwin-
dow appears.

� In thedialogwindow selecttheall slicesmode.ThenpressRemovein orderto apply the �lter
in all slices.Notehow thesegmentationresultsbecomelessnoisy.

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

� Selectthe3D volumemodeandpresstheApplybuttonin orderto executethesmoothingopera-
tion.

� To examinetheresultsof the �lter operations,browsethroughthe label �eld sliceby slice. In
additionto thesliceslideryoumayalsousethecursor-upandcursor-down keys for this.

� Click on theClosebuttonto closetheimagesegmentationeditor.
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2.5 SurfaceReconstructionfr om 3D Images

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

Thegenerationprocessconsistsof thesesteps:

1. Extractingsurfacesfrom segmentationresults
2. Simplifying thesurface

As a prerequisitefor the following steps,you needa label �eld, which holdstheresultof a previous
imagesegmentation.You caneitherusethe label �eld which you createdin theprevious tutorial or
loadtheprovidedlobus.labelsdatasetfrom thedata/tutorialsdirectory.

2.5.1 Extracting Surfacesfr om SegmentationResults

Now we let amira constructa triangularsurfaceof thesegmentedobject.

� ConnectaSurfaceGenmoduleto thelobus.Labelsdata.
� PresstheApplybutton.

The option add border ensuresthat the createdsurfacebe closed. A new dataobject lobus.surfis
generated.Again, it is representedby agreenicon in thePool.

2.5.2 Simplifying the Surface

Usually the numberof trianglescreatedby the SurfaceGenmoduleis far too large for subsequent
operations.Thus,thenumberof trianglesmustbereducedin asurfacesimpli�cation step.In amira a
SurfaceSimpli®cationEditor is providedfor this purpose.

� Selectthesurfacelobus.surf.
� Click on theSimpli�er button(trianglemeshicon) in thePropertiesArea.
� Setthedesirednumberof facesto 3500in theSimplifyport.
� Turnon thefasttogglein theOptionsport. Thisoptiondisablessometime-consumingintersec-

tion tests.
� PushtheSimplifynowbuttonin theActionport.

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

To examinethesimpli�ed surface,attacha SurfaceView moduleto thelobus.surfdataobject.
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Figure 2.19: Surfacerepresentationof opticallobusastriangulargrid

TheSurfaceViewmodulemaintainsaninternalbuffer anddisplaysall trianglesstoredin thisbuffer. By
default thebuffer showsall trianglesforming theboundaryto theexterior. If youchangetheselection
at theMaterialsport, thenewly selectedtrianglesarehighlighted,i.e., they aredisplayedusinga red
wireframerepresentation.TheAddandRemovebuttonscausethehighlightedtrianglesto beaddedto
or removedfrom thebuffer, respectively. Youmayeasilyvisualizea subsetof all trianglesusinga 3D
selectionboxor by drawing contoursin the3D viewer. PresstheClearbuttonof theBuffer port to see
thedisplayshown in Figure2.19.

2.6 Creating a Tetrahedral Grid fr om a Triangular Surface
(Mesh Pack)

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

Thegenerationprocessconsistsof thesesteps:

1. Simplifying thesurface
2. Editing thesurface
3. Generatinga tetrahedralgrid

As aprerequisitefor thefollowing steps,youneeda triangularsurface,which is usuallytheresultof a
previoussurfacereconstruction.Loadthesuppliedlobus.surfdatasetfrom thedata/tutorialsdirectory.
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Figure 2.20: Surfacerepresentationof optical lobusastriangulargrid

2.6.1 Simplifying the Surface

Usually the numberof trianglescreatedby the SurfaceGenmoduleis far too large for subsequent
operations,e.g., for a numericalsimulation. Thus, the numberof trianglesshouldbe reducedin a
surfacesimpli�cation step. In amira a SurfaceSimpli®cationEditor is provided for this purpose.
Theremaybedifferentgoalsfor thesimpli�cation:

� In computergraphics, onewantsto prescribejust thenumberof faces,becausethis determines
therenderingspeed.

� For a numericalsimulation, oneoftenwantsto specifythemaximumedgelengthoccuringin
thegrid model.

This tutorial showshow themaximumedgelengthcanbecontrolledduringsimpli�cation.

� Selectthesurfacelobus.surf.
� Click on theSimpli�er (trianglemeshicon) in thePropertiesArea.
� Setthedesirednumberof facesto 1000andthedesiredmaximaldistance(i.e. edgelength)to

10 in theSimplifyport.
� Leave thefasttoggleturnedoff in theOptionsport. This will causeintersectionteststo beper-

formedduringsimpli�cation, whichwill considerablyreducetheprobabilitythatthesimpli�ed
surfacecontainsself intersections.

� PresstheSimplifynowbuttonin theActionport.

Simpli�cation terminateswhen either of the limits given by the numberof facesor the maximum
distanceis reached.Theprogressbar tells you how muchof thesimpli�cation taskhasalreadybeen
done.In this examplethemaximumdistancewill bethelimiting factor, andtheresultingsurfacewill
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containabout6000faces.

Besidesthemaximumedgelength,theminimumedgelengthoccurringin thesurfaceshouldalsobe
controlled,becausetheratio of maximumandminimumedgelengthwill in�uence thequality of the
resultingtetrahedralgrid. This ratio shouldnot be muchlarger than10. If edgesthat aretoo short
occurin thesimpli�ed surface,they canberemovedasfollows.

� Setthedesiredminimumdistanceto 2 in theSimplifyport.
� Observe thenumberof facesasshown at theSurfaceport,andpresstheContract edgesbutton

in portAction. All edgesshorterthan2 will becontracted.In thisexampleabout30smalledges
will bedetected.Youwill observethatthenumberof facesslightly decreases.

2.6.2 Editing the Surface

As asecondstepof preparationfor tetrahedralgrid generation,invoketheSurfaceEditor.

� Selectthesurfacelobus.surf.
� LeavetheSurfaceSimpli�cationEditor (Simpli�er) by againclicking onthetrianglemeshicon.
� EntertheSurfaceEditor by clicking on theSurfaceEditorbuttonin thePropertiesArea.

Automatically, a SurfaceView modulewill beattachedto thelobus.surfsurface.For detailsaboutthat
moduleseeits description.

WhentheSurfaceEditor is invoked,theSurfacemenuis addedto amira'smenubarandanew toolbar
is placedjust below amira's viewer toolbar. The Surface/Testsmenucontains6 speci�c testswhich
areuseful for preparinga tetrahedralgrid generation.Eachof the testscreatesa buffer of triangles
whichcanbecycledthroughusingthebackandforwardbuttons.

� SelectIntersectiontestfromtheSurface/Testsmenu.Thetotalnumberof intersectingtrianglesis
printedin theconsolewindow. Intersectionsshouldn't occurtoooftenif togglefastwasswitched
off duringsurfacesimpli�cation. In casethey occur, the�rst of theintersectingtrianglesandits
neighborsareshown in theviewerwindow.

� You canmanuallyrepairintersectionsusingfour basicoperations:Edge Flip, Edge Collapse,
EdgeBisection, andVertex Translation. Seethedescriptionof theSurfaceEditor for details.

� After repairing,invoketheintersectiontestagainby selectingit from theSurface/Testsmenuor
by pressingtheComputebutton.

� When the intersectiontesthasbeensuccessfullypassed,selectthe Orientation test from the
Surface/Testsmenu.After surfacesimpli�cation, theorientationof a smallnumberof triangles
maybeinconsistent,resultingin a partialoverlapof thematerialsboundedby thetriangles.In
caseof suchincorrectorientations,whichshouldoccurquiterarely, thereis anautomaticrepair.
If this fails, thedetectedtriangleswill beshown, andyou canusetheabovementionedmanual
operationsfor repair. Note: Thereare two prerequisitesfor the orientationtest: the surface
mustbefreeof intersections,andtheoutertrianglesof thesurfacemustbeassignedto material
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Exterior. If thesurfacedoesnot containsucha materialor if theassignmentto Exterior is not
correct,thetestwill falselyreportorientationerrors.

A successfulpassof theintersectionandorientationtestis mandatoryfor tetrahedralgrid generation.
Thesetestsareautomaticallyperformedat thebeginningof grid generation.Soyou candirectlyenter
theTetraGenmodule(seebelow) andtry to createagrid. If oneof thetestsfails,anerrormessagewill
beissuedin theconsolewindow. Youcanthengobackto theSurfaceEditor andstartediting.

Theremainingthreetestsanalyzethesurfacemeshwith respectto differentquality measures.These
testsonly needto beperformedif thetetrahedralqualityof thevolumetricgrid playsanimportantrole,
e.g.,if thegrid will beusedfor anumericalsimulation.

� SelectAspectratio from the Surface/Testsmenu. This computesthe ratio of the radii of the
circumcircleandthe incircle for eachtriangle. The trianglewith theworst (i.e. largest)value
is shown �rst, andthe actualvalueis printedin the consolewindow. The largestaspectratio
shouldbebelow 20 (betterbelow 10). Fortunatelythereis anautomatictool for improving the
aspectratio includedin theSurfaceEditor.

� SelectFlip edgesfrom theEdit menu.A smalldialogwindow appears.In theRadiusRatioarea,
setthevalueof the”Try to �ip a triangle...” �eld to 10. Selectmodeoperateon wholesurface.
PressbuttonFlip. All triangleswith anaspectratio largerthan10will beinspected;if theaspect
ratiocanbeimprovedvia anedge�ip, thiswill bedoneautomatically. Theconsolewindow will
tell you the total numberof badtrianglesandhow many of themcouldbe repaired.Pressthe
Closebuttonto leave theFlip edgestool.

� SelectagainAspectratio from theSurface/Testsmenu.Only a small numberof triangleswith
largeaspectratioshouldremainafterapplyingtheFlip edgestool.

� SelectDihedral angle from the Surface/Testsmenu. For eachpair of adjacenttriangles,the
anglebetweenthemat their commonedgewill be computed.The trianglepair including the
worst(i.e. smallest)angleis shown in theviewer, andtheactualvalueis printedin theconsole
window. Thesmallestdihedralangleshouldbelargerthan5 degrees(betterlargerthan10).

� For a manualrepairof a smalldihedralangleproceedasfollows: selectthethird pointsof both
triangles(i.e. thepointsoppositeto thecommonedge)andmove themaway from eachother.
For moving verticesyou mustenterVertex Translationmodeby clicking on the�rst icon from
theright onthetopof theviewerwindow or by pressingthe"t" key. If theviewer is in viewing
mode,switchit into interactionmodeby pressingtheESCkey or by clicking on thearrow icon
(the�rst icon from thetop)on theright of theviewerwindow. Click on thevertex to bemoved.
At thepickedvertex a point draggerwill beshown. Pick andtranslatethedraggerfor moving
thevertex.

� In somecasesanedge�ip might alsoimprove thesituation.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 on theedgeto be�ipped.

� SelectTetra quality from theSurface/Testsmenu. For eachsurfacetriangletheaspectratio of
thetetrahedronwhichwouldprobablybecreatedfor thattrianglewill becalculated.Theaspect
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ratio for a tetrahedronis de�ned astheratio of the radii of thecircumsphereandthe inscribed
sphere.The trianglewith the worst (i.e. largest)valueis shown in the viewer, andthe actual
value is printed in the consolewindow. The largesttetrahedralaspectratio shouldbe below
50 (betterbelow 25). If all small dihedralangleshave alreadybeenrepaired,the tetraquality
testwill mainly detectcon�gurationswherethenormaldistancebetweentwo trianglesis small
comparedto theiredgelengths.Again,thevertex translationandtheedge�ip operationarebest
suitedfor amanualrepairof largetetrahedronaspectratios.

� Leave theSurfaceEditor by againclicking on theSurfaceEditorbuttonin thePropertiesArea.

Hint: In orderto seetheentiresurfaceagain,selecttheSurfaceView icon, thenpressits Show/Hide
button,thenpresstheViewAll buttonin theviewer toolbar.

2.6.3 Generationof a Tetrahedral Grid

Thelaststepis thegenerationof a volumetrictetrahedral grid from thesurface.This meansthat the
volumeenclosedby thesurfaceis �lled with tetrahedra.

Becausethecomputationof thetetrahedralgrid maybetimeconsumingit canbeperformedasabatch
job. Youcanthencontinueworking with amira while thejob is running.However, for demonstration
purposeswe wantto computethegrid right insideamira.

� Connecta TetraGenmoduleto the lobus.surfsurfaceby choosingComputeTetraGenfrom the
popupmenuover thelobus.surficon.

� Leave toggleimprovegrid switchedon andtogglesavegrid switchedoff at the Optionsport.
Theimprovegrid optionwill invoke anautomaticpost-processingof thegeneratedgrid, which
improvestetrahedralqualityby someiterationsthatmoveinnerverticesand�ip inneredgesand
faces.Seethedescriptionof theGrid Editor for details.
If togglesavegrid is selected,anadditionalport Grid appears,whereyou canentera �lename.
Theresultingtetrahedralgrid will bestoredautomaticallyunderthatname.If you want to run
grid generationasabatchjob, youmustselectthesavegrid option.

� PresstheMeshsizebuttonof theAction port. An editor window will appear. It allows you to
de�ne a desiredmeshsize,i.e., meanlengthof the inneredgesto be created,for eachregion.
For this you mustenterthebundleof thatregion,andselectparameterMeshSize. Thenyoucan
changethevaluein the text �eld at the lower borderof theeditor. Therearesomeprede�ned
region namesin amira for which a default meshsizewill beautomaticallyset. Make surethat
thedefault valuesaresuitablefor your application. If you arenot sureabouta suitablevalue,
setthedesiredmeshsizeto 0. In this casethemeanedgelengthof thesurfacetriangleswill be
used.

� PresstheRunnowbuttonatportAction. A pop-updialogappearsaskingyouwhetheryoureally
wantto startthegrid generation.Click Continuein orderto proceed.

Oncegrid generationis running,theprogressbar informsyou aboutthenumberof tetrahedrawhich
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Figure 2.21: Volumetricrepresentationof opticallobeastetrahedralgrid

alreadyhavebeencreated.In somesituationsgrid generationmayfail, for example,if theinputsurface
intersectsitself. Thenanerrormessagewill occurat theConsoleWindow. In this casego backto the
SurfaceEditor to interactively �x any intersections.

After thetetrahedralgrid hasbeensuccessfullycreated,anew iconcalledlobus.gridwill beput in the
Pool. You canselectthis icon in orderto seehow many tetrahedrathecreatedgrid contains.If grid
generationtakestoo long,youmayalsoloadthepre-computedgrid lobus.gridfrom thedata/tutorials
directory.

As thevery laststepyou maywantto havea look at thefruits of yourwork:

� Attacha GridVolumemoduleto thelobus.grid.
� SelecttheGridVolumeiconandpresstheAddto buttonof theBuffer port.

TheGridVolumemodulemaintainsan internalbuffer anddisplaysall tetrahedrastoredin this buffer.
By default the buffer is empty, but all tetrahedraarehighlighted,i.e., they aredisplayedusinga red
wireframerepresentation.TheAddto buttoncausesthehighlightedtetrahedrato beaddedto thebuffer.
Youmayeasilyvisualizeasubsetof all tetrahedrausinga 3D selectionboxor by drawing contoursin
the3D viewer.

Similarto theSurfaceEditor, thereis aGrid Editorwhichcanbeinvokedby selectingthegreeniconof
thetetrahedralgrid andclicking onthepencilicon(�rst from theright in thetitle bar)in theProperties
Area.Theeditorallows for selectingtetrahedrawith respectto differentqualitymeasures,e.g.,aspect
ratio, dihedralanglesat tetrahedronedges,solid anglesat tetrahedronvertices,andedgelength. The
editorcontainsseveralmodi�ers thatcanbeappliedfor improving meshquality.
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2.7 Warping and Registration UsingLandmarks

This is an advancedtutorial. You shouldbe able to load �les, interactwith the 3D viewer, andbe
familiarwith the2-viewer layoutandtheviewer toggles.

We will transformtwo 3D objectsinto eachotherby �rst settinglandmarkson their surfacesandthen
de�ning a mappingbetweenthe landmarksets.As a resultwe shall seea rigid transformationanda
warpingwhichdeformsoneof theobjectsto matchit with theother. Thestepsare:

1. Displayingdatasetsin two viewers.
2. Creatinga landmarkset.
3. Alignmentvia a rigid transformation.
4. Warpingtwo imagevolumes.

2.7.1 Displaying Data Setsin Two Viewers

Thedatawe will beworking with in this tutorial areof thesamekind you have alreadyseenbefore:
Two opticallobesof adrosophila'sbrain.

� Loadthetwo lobesby executingthescriptshare/examples/landmark.hx.

Thisscriptwill loadtwo datasetscalledlobus.amandlobus2.am. In addition,two isosurfacemodules
connectedto eachof the datasetswill be created. In the viewer the two lobesare visualizedby
isosurfaces,the�rst in yellow andthesecondin blue.As wecansee,thelobesareorienteddifferently.
We wantto look at eachlobein its own viewer.

� Choose2 Viewershorizontalfrom theView Layoutmenu.

Youcanseethetwo lobesin bothviewers.

� Visualizethe �rst lobe (blue) in the upperviewer and the secondlobe (yellow) in the lower
viewer. This is doneby deactivatingthelowerviewer toggle(orangebuttonsin theicons)of the
Isosurfacemoduleandby deactivatingtheupperviewer togglein theIsosurface2module.

2.7.2 Creating a Landmark Set

Now, let uscreatea landmarksetobject.

� Fromthemainwindow'sCreatemenuselectData/Landmarks(2 sets)

in orderto createan emptylandmarkobject. A new greenicon will show up in thePool. Sincewe
aregoing to matchtwo objectsby meansof correspondinglandmarkswe hadto selectthe landmark
objectscontaining2 setsof landmarks(Landmarks(2 sets)).
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Figure2.22: Two lobesvisualizedwith isosurfacesin 2-viewer layout.

� SelectobjectLandmarks.
� LaunchtheLandmarkEditorby clicking on theLandmarkEditorbuttonin thePropertiesArea.

Whenstartingtheeditor, aLandmarkView moduleis automaticallycreatedandconnectedto theLand-
marksdataobject.As indicatedon theinfo line, two emptylandmarksetsareavailablenow. We use
theeditorto de�ne somemarkersin bothobjects.For thefollowing, it is usefulto push-pinthethree
portson the landmarkeditor. In orderto do so,selectthegraypush-pintogglesto the left of theport
labels.

� ConnectasecondLandmarkView moduleto theLandmarksobject.
� Selectthe�rst LandmarkView moduleandchoosePoint Set: Point Set1.
� Shift-selectthesecondLandmarkView moduleandchoosePoint Set: Point Set2.
� Settheviewer togglesof thetwo LandmarkView modulesin thesamemannerasdescribedfor

theSurfaceView modulespreviously. LandmarkView shouldbevisible in theupperviewer and
LandmarkView2in thelowerviewer.

Beforestartingto setlandmarksit is helpful to rotatethetwo lobesin their viewerssuchthatthey are
approximatelyaligned.Thiswill makeit easierto locatecorrespondingfeaturesin thetwo objectsand
to selectreasonablepositionsfor landmarks.

� Rotatethetwo lobesto align themroughly.

Now, we arereadyto de�ne andsetcorrespondinglandmarks.SelecttheLandmarksobjectif neces-
saryandchoosetheoption

Edit mode: Add.
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Figure 2.23: Theimageshows how theviewer togglesandPoint Setportsshouldbeset.

To setcorrespondinglandmarkssimply click with the left mousebutton anywhereon the surfacein
the �rst viewer �rst andclick on the surfacein the secondviewer subsequently. The landmarksare
visualizedas small spheres,the �rst landmarkin yellow and the correspondinglandmarkin blue.
Makesureto alwayssetthe�rst landmarkonthe�rst (yellow) surfaceandthesecondlandmarkonthe
second(blue)surface!!

If youwantto changethepositionof anexisting landmarkset

Edit mode: Move

andselecttherespective landmark(blueor yellow) by clicking on it with theleft mousebutton.Then
justclick at thedesiredposition.

Youcanalsodeleteexisting landmarksby setting

Edit mode: Remove

andclicking on the respective landmark. Both correspondinglandmarks(blue andyellow) will be
removed,nomatterwhichonewasselected.

Youshouldnow beableto createseveral landmarks.You maywantto changetheview of theobjects
to setlandmarkson theback.In caseyouhaveproblemsde�ning landmarks,youmayuseanexisting
setof landmarksby loadingthe �le landmarkSet from thedirectorydata/tutorials . Once
landmarkshavebeencreated,thenext stepis to transformthetwo objectsinto eachother.
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2.7.3 Registration via a Rigid Transformation

To register one object to the other, connecta LandmarkWarp moduleto the Landmarksobject by
clicking with theright mousebuttonon theLandmarksicon in thePoolandselectingComputeLand-
markWarp.

Wewantto performanalignmentof the�rst lobeto thesecond.ThereforetheLandmarkWarp module
mustbeconnectedto theimagedataof the�rst lobe(usetheright mousebuttonin thewhitesquareof
theLandmarkWarp icon).

The LandmarkWarp moduleis ableto performseveral transformations.We startwith a purely rigid
transformationto matchthecorrespondinglandmarksaswell aspossibleby performingonly rotations
andtranslationsof the�rst object.To do thatchoose

Method: Rigid

in theLandmarkWarp moduleandmakesurethatDirectionis setto

Direction: 1 ! 2.

ThenpressApplyto startthecomputation.Themodulecreatesanew dataobjectnamedlobus.Warped.
To visualizetheresult,connectthe isosurfacethatwasinitially connectedto thedataof the �rst lobe
to theresult,selectit andpresstheApplybutton. In orderto comparetheresultwith thesecondlobe,
adjusttheviewer toggleof its Isosurfacemoduleto displayit in the �rst viewer. You shouldseethat
theresultof thetransformation�ts thesecondobjectquitewell.

2.7.4 Warping Two ImageVolumes

Usingtherigid transformationtheobjectwill not bedeformed.To performa deformationandobtain
a better�t we canuseanothertransformationmethodof theLandmarkWarp module.Selectthelatter
andchoose

Method: BooksteinandpresstheDoIt button.

To visualizethe result,the isosurfacehasto be recomputed.Having donethat,you canseeboth the
deformedandthesecondlobe in the �rst viewer. To merelyseetheresultingdeformationin the �rst
viewer, switchoff theviewer toggleof thesecondlobe's Isosurfacemodule.Only a little deformation
will beseenbecausethetwo originalobjectswererathersimilar. Usingmoredifferentdatasetsresults
in largerdeformations.

2.8 Registration of 3D imagedatasets

In medicalimaginga frequenttaskhasbecomethe registrationof imagesfrom a subjecttaken with
different imaging modalities,wherethe term modalitieshererefersto imaging techniquessuchas
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Figure2.24: Resultof landmark-basedelasticwarpingusingtheBooksteinmethod.

ComputedTomography(CT), MagneticResonanceTomography(MRT) andPositronEmissionTo-
mography(PET). The challengein inter-modality registrationlies in the fact that e.g in CT images
”bright” regionsarenotnecessarilybright regionsin MRT imagesof thesamesubject.

In registrationtypically oneof thedatasetsis takenasthereference, andtheotheroneis transformed
until both datasetsmatch. amira's Af®neRegistrationmoduleprovidesan af�ne registration,i.e. it
determinesan optimal transformationwith respectto translation,rotation, anisotropescaling,and
shearing.

Closelyrelatedto registrationis the taskof imagefusion, i.e., thesimultaneousvisualizationof two
registeredimagedatasets.

Thistutorialshowshow aregistrationcanbeperformedandhow to visualizetheresults.Thefollowing
issueswill bediscussed:

1. BasicmanualregistrationusingtheTransformEditor
2. Automaticregistration
3. Imagefusion

2.8.1 BasicManual Registration

In this tutorial we want to registera CT andanMRT datasetof a patient,showing thepelvic region.
Theimagesarelocatedin theamira datadirectoryin thesubdirectoryregistration.

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

� AttachanOrthoSlicemoduleto eachof thedatasets.
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� SelectCoronal (or xz) at theOrientationport of theOrthoSlicemoduleconnectedto theMRT
data.

� Selecta camerapositionfor the 3D viewer whereyou canseeboth theaxial slicesof the CT
dataandthecoronalslicesof theMRT data.

� Selectslice31at theSliceNumberportof theOrthoSlicemoduleconnectedto theCT data.

Now oneOrthoSlicemoduleshouldshow anaxial slicethroughthehip joints. Movethecoronalslice
throughtheMRT data.Youwill observethatthetwo datasetsarenot correctlyaligned.

� Selectthegreeniconof theMRT dataset.InvoketheTransformEditorbypressingtheTransform
Editor button in the PropertiesArea. The TransformEditor enablesyou to specifyan af�ne
transformation,includingtranslation,rotation,andscaling.This transformationwill beapplied
to thecorresponding3D dataset.Youcanedit thetransformationinteractively in the3D viewer
usingdifferentOpenInventordraggers.Youcanalsoentertransformationsnumerically.

� PresstheDialog button.A dialogwindow will popup.
� Enter -2 at the third text �eld of the Translationport of the dialog window. This meansa

translationof -2 cm in thez direction.
� Enter5 at the �rst text �eld at theRotationport. This meansa rotationof 5 degrees.Theaxis

of rotationis de�ned at thenext ports,hereit is thez-axis.
� PresstheClosebuttonof thedialogwindow. Leave theTransformEditor by pressingagainthe

TransformEditor button.

InspectsomecoronalslicesthroughtheMRT dataset.Now thereis a betteralignmentof theCT and
MRT data,but it' s still notperfect.

2.8.2 Automatic Registration

TheRegistrationmoduleprovidesanautomaticregistrationvia optimizationof aquality function.For
registrationof datasetsfrom differentimagingmodalities,theNormalizedMutual Informationis the
bestsuitedquality function. In short,it favorsanalignmentwhich ”mapssimilargrayvaluestructures
to similar grayvaluestructures”.A hierarchicalstrategy is applied,startingat a coarseresamplingof
thedatasets,andproceedingto �ner resolutionslateron.

� AttachanRegistrationmoduleto theMRT datasetbychoosingCompute/Af�neRegistrationfrom
thepopupmenuover theMRT-data.amicon.

� ConnectthesecondinputportReferenceof moduleRegistrationto theCT dataset.For thisclick
with theright mousebuttonon thewhitesquareat theleft handsideof themodule's icon.

� SelecttoggleExtendedoptions. Moreportsof theRegistrationmodulewill becomevisible.

The �rst threeportsof theRegistration modulede�ne theoptimizationstrategy. Thedefault settings
meanthatanExtensiveDirectionoptimizeris usedfor thecoarselevelsanda QuasiNewtonoptimizer
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for the �nest two levelsof the resamplinghierarchy. At theCoarsestResamplingport you canselect
the resamplingratefor the coarsestresolutionlevel. The default resamplingrateis smallerin the z
directionbecausethereferencedatasethasa �ner resolutionin thex andy direction(0.17cm) thanin
thez direction(0.5cm). For thedefault settings(8,8,3),theresamplinghierarchywill consistof four
levels: (8,8,3),(4,4,2),(2,2,1),andtheoriginal resolution,(1,1,1).

TheNormalizedMutual Informationis calculatedfrom grayvaluehistograms.Theselectedhistogram
rangesshouldenclosethe essentialinformationof eachdataset.Normally you canchoosethesame
rangeasfor visualizationvia anOrthoSlicemodule.

� Set-200 and200 at thetwo text �elds of theHistogramrangereferenceport.

At theTransformportyoucanspecifythetypeof af�ne transformation.Thedefaultsettingsmeanthat
only rigid bodymotionswill beapplied,i.e. translationsandrotations.

OptionIgnore �nest resolutionmeansthatoptimizationis doneonall but the�nest level of theresam-
pling hierarchy. This will slightly reducetheaccuracy, but savea largeamountof computingtime.

Automaticregistrationmaytake sometime dependingon theresolutionof theimagesandthequality
of thepre-alignment.Youcaninterruptautomaticregistrationat any time usingthestopbutton. Inter-
ruptionmaytake someseconds.Theprogressbarshows thecurrenthierarchylevel andtheprogress
at thatlevel.

� Startautomaticregistrationby pressingtheRegisterbuttonat theActionport.

2.8.3 ImageFusion

Thetaskof imagefusionis thesimultaneousvisualizationof two datasets.To thatendamira offersfor
all typesof slicing modules(OrthosliceandObliqueSlice) theColorwashmodule.UsingColorwash,
theimagesfrom onedatasetcanbeoverlayedover thatof anothertakinginto accounttheirorientation
in space.

� RemovetheOrthoSlicemoduleconnectedto theMRT dataset.
� Selectthegreeniconof theMRT dataset.
� Selecta Colorwashmodulefrom thepopupmenuover theicon of theOrthoSlicemodulecon-

nectedto theCT dataset.
� Selecttheyellow iconof theColorwashmodule.
� Selectthephysics.icolcolormapat portColormap.
� Set70 astheupperboundfor thecolormaprange.
� Selecttheiconof theOrthoSlicemodule.
� Inspectaxial sliceswith slicenumbersbetween15and45.

46 Chapter2: First stepsin amira



Youwill observea goodalignmentof thepelvicbonefrom bothdatasets.Thesoft tissuecontoursare
notperfectlyalignedbecausetherewassomesoft tissuedeformationbetweenbothscans.Thiscannot
bedescribedby a rigid transformation.

In imagefusion it is sometimesnecessaryto observe all threeorthogonaldirectionssimultaneously.
For that theStandardView modulecanbeusedfor imagefusion. TheStandardView moduleopensa
separatewindow with four viewers,threeof themshowing the threeorthogonalslicesof the image
dataanda fourthbeinganew instanceof the3D viewer.

� Attacha StandardView moduleto theCT datasetby choosingDisplay StandardView from the
popupmenuovertheCT-data.amicon. amira'sViewerwindow will now besplit into four parts
showing threeorthogonalslicesthroughtheCT data,andthe3D Viewer in theupperleft part.

� ConnectthesecondinputportOverlayDataof theStandardViewmoduleto theMRT dataset.For
this,click with theright mousebuttonon thewhite squareat theleft handsideof themodule's
icon.

� Selectslice numbers179, 149, and31 at portsSlicex, Slicey, andSlicez, respectively. The
threeorthogonalsliceswill show thehip joints now.

� Increasethezoom-factorby clicking twice onbutton> at theZoomport.
� Selectcheckerboard at theOverlaymodeport.
� Vary thesizeof thecheckerboardtiles by moving thesliderat thePatternsizeport. In this way

youcanagaincheckthealignmentof theCT andMRT datasets.

Thebonecontoursaroundthehip joints show a goodmatch.Note thatboneis representedby white
(i.e high intensity)voxels in theCT data,but mayoccurasbothwhite andblackvoxels in theMRT
data.In theaxialsliceyoucanobservelargerdeviationsof theouterbodycontourbetweentheCT and
MRT data.

2.9 Alignment of 2D Physical Cross-subsections

Many microscopictechniquesrequirethe sampleto be physicallycut into slices. Then imagesare
taken from eachcross-subsectionseparately. Usually the imageswill be misalignedrelative to each
other. Beforea3-dimensionalmodelof thesamplecanbereconstructedtheimageshaveto bealigned
takinginto accounttranslationandrotation.This tutorial showshow this taskcanbeperformedusing
theAlignSlicesmodule.

Thefollowing issueswill bediscussed:

1. Basicmanualalignment
2. Alignmentvia landmarks
3. Optimizingthequality function
4. Resamplingtheinputdata
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Figure 2.25: User-interfaceof thealign tool.

5. Otheralignmentoptions

2.9.1 BasicManual Alignment

In this tutorial we want to align 10 microscopiccross-subsectionsof a leaf showing a stomatalpore.
Theimagesarelocatedin thedatadirectoryin thesubdirectoryalign. Eachsliceis storedasaseparate
JPEGimage.The�le leaf.info de�nes a 3D imagestackconsistingof the10 individual slices.It is a
simpleASCII �le asdescribedin thestackedslices�le formatsubsection.

� Loadthe�le data/align/leaf.info .
� Createanalignmoduleby choosingComputeAlignSlicesfromthepopupmenuovertheleaf.info

icon.
� PresstheEdit buttonof AlignSlices.

A new graphicswindow is poppedup allowing you to interactively align the slicesof the 3D image
stack.To facilitatethis task,usuallytwo consecutive slicesaredisplayedsimultaneously. Oneof the
two slicesis editable, i.e., it canbetranslatedandrotatedusingthemouse.By default theupperslice
is editable.This is indicatedin thetool barof thealignwindow (the“upperslice” buttonis selected).

� If necessary, pressthe zoomout button (“-” magnifyingglass)to allow the entireslice to be
visible in viewer.

� Translatetheuppersliceby moving themousewith theleft mousebuttonpresseddown.
� Rotatetheuppersliceby moving themousewith theleft mousebuttonandtheCtrl key pressed

down. Alternatively, slicescanberotatedusingthemiddlemousebutton.
� Makethelowersliceeditableby selectingthe“lowerslice” tool button.Translateandrotatethe
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lowerslice.
� Hold down key number1. While thiskey is holddown only thelowersliceis displayed.
� Hold down key number2. While thiskey is holddown only theuppersliceis displayed.
� Pressingkey number1 and2 alsochangesthe editableslice. Note how the slice tool buttons

changetheir state.

Otherpairsof slicescanbeselectedusingtheslider in theupperleft partof thealign window. Note
that thenumberdisplayedin the text �eld at the right sideof theslider alwaysrefersto the editable
slice. The next or the previous pair of slicescanalsobe selectedusing the spacebar or using the
backspacekey, respectively. The cursorskeys areusedto translatethe currentslice by onepixel in
eachdirection.

� Browsethroughall slicesusingthespacebarandthebackspacekey. Translateandrotatesome
slicesin anarbitraryway.

� Translateall slicesat onceby moving themousewith the left mousebuttonandtheShift key
presseddown.

� Rotateall slicesat onceby moving themousewith theleft mousebuttonandtheShift andCtrl
key presseddown.

Transformingall slicesat oncecanbeusefulin orderto move theregion of interestinto thecenterof
theimage.

2.9.2 Alignment Via Landmarks

Besidesmanualalignment,four automaticalignmentoptionsaresupported,namelyalignmentusing
a principal axes transformation,automaticoptimizationof a quality function, edgedetection-based
alignmentandalignmentvia user-de�nedlandmarks.Theprincipalaxesmethodandtheedgedetection
methodareonly suitablefor imagesshowing anobjectwhich clearlyseparatesfrom thebackground.
The optimizationmethodrequiresthat the imagesbe alreadyroughly aligned. Often sucha pre-
alignmentcanbeachievedusingthelandmarksmethod.

Alignmentvia landmarks�rst requiresyou to interactively de�ne thepositionsof thelandmarks.This
canbedonein landmarkeditmode.

� Activatelandmarkeditmodeby pressingthearrow-shapetool buttonlocatedbetweenthehand-
shapebuttonandtheedgedetectionbutton.

In landmarkedit modeonly oneslice is displayedinsteadof two. Two default landmarksarede�ned
in everyslice.

� Click on oneof the default landmarks. The landmarkgetsselectedand is drawn with a red
border.
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Figure2.26: The�gure shows how thelandmarksshouldbesetin thetutorial.

� Click somewhereinto theimagein orderto repositiontheselectedlandmark.
� Click somewhereinto theimagewhile no landmarkis selected.This causesthenext landmark

to beselectedautomatically.
� Click at thesamepositionagainin orderto repositionthenext landmark.

Thedouble-clickmethodmakesit veryeasyto de�ne landmarkpositions.Of course,additionalland-
markscanbede�ned aswell. Landmarkscanalsobedeleted,but theminimumnumberof landmarks
is two.

� ChooseAddfrom theLandmarksmenu.
� Click anywhereinto theimagein orderto de�ne thepositionof thenew landmark.
� Selecttheyellow landmarkby clicking on it.
� ChooseRemovefrom theLandmarksmenuin orderto deletetheselectedlandmarkagain.

Two landmarksshouldbevisiblenow, aredone,andablueone.Next, let usmovetheselandmarksto
somereasonablepositionssothatwecanperformanalignment.

� Selectslicenumber0.
� Placethelandmarksasshown in Figure2.26. Makeuseof thedouble-clickmethod.
� In all otherslicesplacethelandmarksat thesamepositions.

Onceall landmarkshave beenset,we canalign theslices.It is possibleto align only thecurrentpair
of slices,or to alignall slicesat once.Notethatall alignmentactionsaswell aslandmarkmovements
canbeundoneby pressingCtrl-Z.
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� Switchbackto transformmodeby pressingthehand-shapetool button. Two slicesshouldbe
displayedagain.

� Align thecurrentpair of slicesby pressingthesecondtool button from theright (theonewith
only two lines).

� Align all slicesby pressingthe�rst tool buttonfrom theright (theonewith many lines).
� Move androtatethe whole objectinto thecenterof the imageusingthemousewith the Shift

key holddown.

In mostslicesthe alignmentnow shouldbe quite good. However, looking at the pairs3-4 and4-5
(displayedin the lower left cornerof thealign window) you'll noticethat thereis somethingwrong.
In fact,slicenumber4 hasbeenaccidentlyinvertedwhentakingthemicroscopicimages.Fortunately,
we cancompensatefor this errorasfollows:

� Selectslicepair3-4 andmakesurethattheupperslice,i.e.,slicenumber4, is editable.
� Invert theuppersliceby pressingtheinvertbutton(third onefrom theright).
� Realignthecurrentpair of slicesby pressingthesecondbuttonfrom theright).
� Selectslicepair4-5 andrealignthis pairof slicesaswell.

Alternatively, youcouldhavealignedall slicesfrom scratchby pressingthe�rst buttonfrom theright.

2.9.3 Optimizing the Quality Function

Onceall slicesareroughlyaligned,we canfurther improve the alignmentusingthe automaticopti-
mizationmethod.At thebottomof thealignwindow thequalityof thecurrentalignmentis displayed.
This is a numberbetween0 and100, where100 indicatesa perfectmatch. The quality function is
computedfrom the squaredgray valuedifferencesof the two slices. The optimizationmethodtries
to maximizethequality function. Sinceonly local maximaarefound,it is requiredthat theslicesbe
reasonablywell alignedin advance.

� Click on theslicein theviewer. Thequalityof thealignmentis displayedin thestatusbarat the
bottomof thewindow. Rememberthecurrentqualitymeasure.

� Activatetheoptimizationmodeby pressingthetool buttonwith thesumx squaredsymbol.
� Align thecurrentpair of slicesby pressingthesecondbuttonfrom theright. Observe how the

quality is improved.

Automaticalignmentis aniterativeprocess.It maytakequitea long timedependingon theresolution
of the imagesandof thequality of thepre-alignment.You caninterruptautomaticalignmentat any
time usingtheStopbutton.

� Automaticallyalignall slicesby pressingthe�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 doneusingtheResamplebuttonof theAlignSlicesmodule.

� PresstheResamplebuttonof theAlignSlicesmodule.
� Attach an OrthoSlicemoduleto the resultingobject leaf.align and verify that the slicesare

aligned.

Sometimesyou maywant to improve an alignmentlateron. In this caseit is a badideato align the
resampleddatasetasecondtime,sincethiswouldrequireasecondresamplingoperation.Instead,you
couldwrite thetransformationdatainto theoriginal imageobjectandstorethis objectin AmiraMesh
format. After reloadingthe AmiraMesh�le you canattacha new AlignSlicesmoduleandcontinue
with thestoredtransformations.

� ChooseSavetransformationfrom theOptionsmenuof thealign tool. This will storethetrans-
formationdatain theparametersubsectionof theinputobjectleaf.info.

� DeletetheAlignSlicesmodule.
� Save leaf.info in AmiraMeshformat.
� Reloadthesavedobjectleaf.am.
� Attach a new AlignSlicesmoduleto leaf.amandclick the Edit button. Note that the original

alignmentis restored.

2.9.5 Using a ReferenceImage

In somecasesyou might wantto correctthealignmentafter imagesegmentationhasbeenperformed.
In orderto avoid segmentingthenewly resampledimagefrom scratch,you canapplythesametrans-
formationsto a label�eld usinga referenceimage.

� Deleteany existingalign tool.
� Loadthe�le data/align/leaf-unaligned.labels .
� Attacha new AlignSlicesmoduleto thelabel�eld.

In the label �eld theguardcellsof thestomatalporearemarked. Segmentationhasbeenperformed
beforetheimageswerealigned.Now wewantto applythesametransformationde�ned for theimage
datato thelabels.

� ConnecttheReferenceportof AlignSlicesto leaf.am(this is doneby activatingthepopupmenu
overthesmallwhitesquareattheleft sideof theleaf.amicon). Observehow thetransformations
areappliedto thelabel�eld.

� Exportanalignedlabel�eld by pressingtheResamplebutton.
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Figure2.27: OpenInventorgeometryof theairfoil.

The imagevolumeusedin this tutorial is an RGBA color �eld. However, the imagesegmentation
editoronly supportsgray level images.Thereforeyou mustconvert thecolor �eld into a scalar�eld
usingCastField beforeyou caninvoketheimagesegmentationeditorfor theresampledlabels.

2.10 Visualization of Vector Fields (Mesh Pack)

This step-by-step-tutorialbrie�y explainssomeMesh Pack modulesfor vector �eld visualization.
Theuseof thesemodulesis explainedby wayof datarepresentingthe�o w aroundanairfoil. Thetwo
methodsreferredto in steps2 and3 areindependentof eachother. Thesetopicswill becovered:

1. LoadingtheWing andtheFlow Field
2. Line IntegralConvolution
3. IlluminatedStreamLines

2.10.1 Loading the Wing and the Flow Field

As in theprevioustutorials,we will usethe�le dialogto importdata.

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

� AttachanIvDisplaymoduleto this dataobject.
� Loadthevector�eld datasetcalledwing.am from thedirectorydata/tutorials .

The extension.iv indicatesthat the wing geometryis de�ned in the OpenInventor�le format. The
IvDisplaymodulecanbeusedfor displayinggeometryin this format. Thevector�eld itself is stored
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in amira's native AmiraMesh�le format. Thedatarepresentsthe�o w aroundanairfoil computedon
aregulargrid with curvilinearcoordinates.By selectingthegreendataiconwing.am, youcan�nd out
thatthenumberof grid nodesin x,y,z-directionis 125x 41x 21.

2.10.2 Line Integral Convolution

Line IntegralConvolution (LIC) is a methodfor visualizing2D vector�elds, i.e.,depictingthevector
�eld directionfor a suitablysampledsubsetof pointsin the2D domain.Thedirectionis represented
by localstreamlines,i.e. by curveswhosetangentvectorscoincidewith thoseof thegivenvector�eld.
Local streamlinesarecomputedsuchthatall imagepixelsarecovered.Thestreamlinesareprojected
ontoarandomnoiseinput texturemapof thesamesizeasthevector�eld domain.Theprojectionstep
involvessummationsof texturepixel intensitiesalongstreamlinepathsby wayof aconvolutionintegral
with a �lter kernel. This causespixel intensitiesin the resultingimageto behighly correlatedalong
individual streamlinesbut statisticallyindependentperpendicularto the latter. Thus the directional
structureof thevector�eld becomesclearlyvisible.

Hereweusethe3D vector�eld thatwehavealreadyloadedandvisualizetwo-dimensionalslices:

� ConnectaPlanarLICmoduleto thevector�eld wing.amandselectit.
� Choosetheslicenumber22 in theTranslateport.
� Set�lter lengthto 40andresolutionto 200.
� PresstheApplybutton.

Whenever the projectionplaneof the PlanarLIC moduleis changedor othervaluesfor �lter length
or resolutionaretaken, the LIC texture mustbe recalculated,i.e., the Apply button mustbe pressed
again. Otherwise,a checkerboardpatternwill be displayed.Experimentwith different�lter lengths
andresolutionvaluesto seewhatkindsof texturescanbeproduced.

To getan impressionof themagnitudeof thevectors,you canapplya colormapto the image.Some
default colormapsarealreadyloadedwhenamira startsup. Thecorrespondingiconsusuallywill be
hidden.In orderto useoneof thecolormaps,youhave to selectit explicitly:

� From the main window's Pool / ShowObjectmenuselecttemperature.icol or any othercol-
ormap:thecorrespondingiconbecomesvisible.

� SelectMagnitudefrom port Colorizeof thePlanarLIC module.A new port labeledColormap
appearsin thePropertiesArea.

� Connectthecolormapport to temperature.icol by clicking with theright mousebuttonin thered
rectangleandchoosingtemperature.icol from theappearingpopupmenu.

The two integer valuesof the colormapport specify the rangeof valuesto which the colormapis
applied.Vectormagnitudeswithin this rangearedepictedsymbolicallyby coloringstreamlinepixels
suchthateachpixel getstheuniquecolorassociatedwith themagnitudevalueby thetemperature.icol
colormap.
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Figure 2.28: Air ¯ow aroundthewing visualizedusingLine Integral Convolution

� Selectthewing.amiconandreadoff themagnituderange.
� Shift-selectthePlanarLIC iconandenterthemagnituderangeinto theColormapport.

2.10.3 Illuminated StreamLines

IlluminatedStreamLinesis a techniquefor interactive 3D vector�eld visualizationwhich makesuse
of largenumbersof properlyilluminatedstreamlines. A realisticshadingmodelis employedwhich
signi�cantly increasesrealismof theresultingimagesandenhancesspatialperception.

Now youwill learnwhichtoolsareusedfor illuminatedstreamline visualizationandhow to usethem
to geta 3D impressionof ourair�o w vector�eld.

� RemovethePlanarLICmoduleor disableits display.
� ConnectaDisplayISLmoduleto thevector�eld wing.am.
� SetNumLinesto 300.
� PresstheApplybutton.
� Click on theTabBoxbuttonof port Boxandzoomout theviewer if youcannotseeabox.

A TabBoxappearsin the viewer. Only streamlines �o wing throughthis box arevisible. The green
tabsat thecornersandedgesof thebox allow you to changethedimensionsof thebox.

� Switchtheviewer into interactionmode.
� Try out what happensif you click with the left mousebutton on oneof the greentabson the

cornersor edgesof theTabBoxanddragthemaround.
� To movethewholeTabBox, click with theleft mousebuttonin theboxandmoveit.
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Figure 2.29: Illuminatedstreamlinesaroundawing

� Try to gettheTabBoxinto a shapeandpositionasshown in theimage.
� PressApplybuttonagainin orderto recalculatethestreamlines.

Now someinformationaboutConsoleWindow commands.Mostamira modulesprovidemorecontrol
featuresthanthosethat areavailableby the portsdisplayedin the PropertiesArea. All of themare
availablebycommandsthatyoutypein theconsolewindow. Youcangetalist of commandsassociated
with a particularmodulecurrentlyin usejust by enteringits name.Now we will usesuchcommands
to form andpositiontheTabBoxexactlyasin theimageabove.

� Type“DisplayISL” into theConsoleWindow.
� Type“DisplayISL getBox” into theConsoleWindow.

The �rst commandlists all commandsof the DisplayISLmoduleand the secondshows the scale
andtranslationof the currentTabBox. The �rst word of a commandmustalwaysbe the nameof a
moduleasshown on its icon. Note thatmodulecommandsarenot recognizedunlesscorresponding
moduleshavebeenloadedinto thePool.However, youdonotneedto selectamodulefor typing in its
commands.

� Type“DisplayISL setBoxTranslation-0.310.000.17”
� Type“DisplayISL setBoxScale0.110.040.14”

Now thesub-�eld thatcorrespondsto theclipping of thevector�eld asimplied by thesettingsof the
TabBoxshouldlook like theoneshown in theimageabove.
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2.11 Creatinganimated demonstrations

In this tutorial you will learnhow to usetheDemoMaker modulefor creatingananimatedsequence
of operationswithin amira. In our example,we will visualizea polygonmodelusingeffectssuchas
transparency, camerarotation,andclipping to makethevisualizationmoremeaningfulandattractive.

Thetutorial coversthefollowing topics:

� creatinganinitial network for thedemo
� animatinganOrthoSlicemodule
� activatingadditionalmodulesduringthedemo
� usingacamerarotationor path
� editingor removing eventsthatarealreadyde�ned
� overlayinga bonemodelwith a transparentskinmodel
� usingclipping to make theskinappeargraduallyover thebone
� advancedclipping issues
� insertingbreaksandde�ning demosegments
� usingfunctionkeys for jumpingbetweendemosegments
� de�ning partialloopswithin thedemosequence
� storingandreplayinga demosequence

Onceyouhavelearnedhow to de�ne ananimateddemosequence,youcanfurtherlearnhow to record
thedemonstrationinto a movie �le in Section2.12.

2.11.1 Creating a Network

First, we needan amira network that containsall the dataand modulesfor the visualizationand
animationwe want to do. In our example,we pick the medicalCT scandatasetreg005 . Startby
loadingdata/medical/reg005.ctdata.am from the amiraroot directory. By right-clicking
on thegreendataiconandselectingfrom thedataset'spopupmenu,attacha BoundingBoxmoduleas
well asa OrthoSlicemoduleto thedata.If you usethemouseto navigatearoundthemodelin the3D
viewer, you shouldmanageto geta resultsimilar to this:
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(loadnetwork)

2.11.2 Animating an OrthoSlice module

Let us move the OrthoSliceplaneup anddown to show what the datalooks like. Note that theOr-
thoSlicemodulehasa port calledSliceNumber. If you changethe valueof that slider, you seethe
planemove in theviewer.

Now let usanimatethis sliderusingtheDemoMakermoduleasour �rst exercise.Fromthemenubar,
selectCreate/Animation/Demo/DemoMaker. A bluescriptobjectappearsin thePool:

Click on the blue icon to seeits user interface. Whenever you want to animatesomeport of the
currentnetwork, youmustselectthatport in theselectionlist calledGUI element. Try to �nd theentry
calledOrthoSlice/SliceNumber, whichcorrespondsto theSliceNumberportof thecurrentOrthoSlice
module. If you cannot�nd the entry, you may needto pressthe Updatebutton to the left of the
selectionmenu(seebelow for anexplanation).
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Onceyou have selectedOrthoSlice/SliceNumber, you seetwo moreportsappearin theDemoMaker
module:Start/endvalueaswell asStart/endtime. Thestartandendvaluespecifybetweenwhich two
valuesthe OrthoSliceslider will be moved. Click the mouseinto the startor endvalue�elds, hold
down theShift key, anddragthemousewith Shift helddown. With this featurecalledthevirtual
slider you canquickly setthedesiredvaluewithin theallowedrange.Setthestartvalueto 0 andthe
endvalueto 30. Then,setthestarttime to 0 andtheendtime to 0.2. Thesetime valuesspecifytimes
on the Time slider of the DemoMaker module(�rst port in themodule). You have now speci�ed an
eventstartingat time 0 andendingat time 0.2,varyingtheOrthoSliceslicenumberbetween0 and30
duringthattime.

Now presstheAdd button in theEventList port to addthenewly de�ned event to the list of events.
This list of eventsis representedin theselectionmenuabovetheAddbutton.
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Test the resultby pressingthe play button of DemoMaker's time slider, representedby the triangle
pointing to the right. Whenyou pressit, the time slider will startmoving from the left to the right.
Whenthetimevalueis between0 and0.2,youshouldseethattheOrthoSliceplaneis moving between
thespeci�edstartandendvaluesin theviewer(loadnetwork). Youcanalsoplayyourdemobackwards
usingtheplaybuttonto theleft of thetimeslider, or simplyclick somewhereonthetimesliderto jump
to any point in timeof thedemonstration.

If thedemosequencerunstoo slow or too fast,you canadjustthis by right-clicking anywhereon the
time sliderandselectingCon�gure from thepopupmenu. Changethe Incrementvaluein thedialog
box that appears.A smallerincrementwill make the animationslower, whereasa larger increment
makesit faster. If youchooseanincrementvaluetoo large,theanimationmightbecome“jerky”.

2.11.3 Activating a module in the viewer window

Next, let usaddavisualizationof thebonestructurein thedatasetafterwehavemovedtheOrthoSlice.
Load the datasetdata/medical/reg005.surf in addition to the currentnetwork. Attach a
SurfaceView moduleto it. Click on theyellow SurfaceView moduleto seeits userinterface.Pressthe
Clearbuttonin theBuffer port, thenselectBoneandAll in theMaterialsportandpresstheAddbutton
in thebuffer port. This will visualizethebonesurfaceof themodel.
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If youwantto switchthebonevisualizationonandoff manually, youwouldusetheviewer toggle (or-
angerectangle)of theSurfaceView module.If youwantto includethis actionin yourdemosequence,
you needto do thefollowing:

� Click on theDemoMaker module.
� Click on theUpdatebutton in theGUI elementport. This is necessarywhenever you addnew

modulesto thePoolafteryouhavecreatedtheDemoMaker module.
� SelectSurfaceView/ViewerMask/Viewer0 from theGUI elementlist.
� Enteron in theToggle to valueport.
� Enter0.2in theTrigger timeport.
� PresstheAddbuttonin theEventList port to addthis newly de�ned eventto theeventlist.

To testthenewly addedevent,�rst toggletheSurfaceView moduleoff usingits orangeviewer toggle
icon. Now click to theveryleft of theDemoMaker timesliderto jumpto thestartof thedemosequence.
Click theplaybutton.As before,theslicemovesup. Whenit reachesthemaximumvalueat time 0.2,
thebonemodelis switchedon (loadnetwork).
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2.11.4 Using a camerarotation

To look at the 3D patientmodelfrom all sides,let us adda camerarotationto our demosequence.
SelectCreate/CameraRotatefrom themenu.Try therotationby playingthetime sliderin theCamer-
aRotatemodule. If you do not like theaxisof rotation,resetthe time slider to 0, navigateto a good
startingview in theviewer window, andclick on recomputein theCameraRotatemodule.Note that
thevaluesof theCameraRotatetime sliderrangefrom 0 to 360.

Onceyouaresatis�edwith thecamerarotation,addit to theeventlist:

� Click on theDemoMaker module.
� Click on theUpdatebutton.
� SelectCameraRotate/ Timefrom theGUI elementlist.
� Enter0 and360asthestartandendvalue.
� Enter0.2and0.4asthestartandendtime.
� Click on theAddbuttonin theEventList port.

Now playthedemoto seetheresult.After moving thesliceandswitchingonthebonemodel,theview
is rotatedsothatthebonecanbeseenfrom all sides(loadnetwork).

2.11.5 Editing or removing an alreadyde�ned event

Whenyou look at thedemosequenceso far, you may think that it would benice to wait for a short
time beforerotatingthebonemodel.This canbedoneby startingtherotationat a latertime step.We
caneasilycorrectthis in theDemoMaker module:

� Selectthe0.2... 0.4: CameraRotateeventin theEventListport.
� You seethestart/endvalueandstart/endtime of this eventappearin the lower partof theDe-

moMaker module.
� Changethestart/endtime to 0.3and0.5.
� Click on theReplacebuttonin theEventList port. This replacesthecurrentlyselectedeventin

thelist by theeventasde�ned in thelowerpartof themodule.

Now you have movedthecamerarotationevent from 0.2-0.4to 0.3-0.5on the time line. Checkthe
resultsby playingthetimeslider(loadnetwork).

Pleasenotethatyou candeleteaneventfrom thelist by simply selectingit from theEventList menu
andclicking theRemovebutton.
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2.11.6 Overlaying the bonewith skin

Now wewantto show thepatient'soutersurfaceoverlayedover thebonemodel.

� Attach a secondSurfaceView moduleto the reg005.surfdataset. SinceExterior and All are
selectedasthedefaultmaterials,thisbringsup thepatient'sexteriorsurface.

� Click on thesecondSurfaceView module.It shouldbecalledSurfaceView2.
� Selecttransparentfrom theDraw Styleport.
� It will behelpful to show theboneunderneaththeexterior surface,so jump to time step0.2or

laterin theDemoMakermodule.
� Adjust thegradeof transparency usingtheBaseTranssliderin SurfaceView2.
� Smoothout theoutersurfaceby clicking on more optionsin theDraw Styleport andselecting

Vertex normals.

Likewedid with thebonemodel,wecanswitchontheskinmodelatsomepointin thedemosequence:

� Click on theDemoMaker module.
� Click on theUpdatebuttonin theGUI elementport.
� SelectSurfaceView2/ViewerMask/Viewer0 from theGUI elementlist.
� Checkon in theToggle to valueport.
� Enter0.6in theTrigger timeport.
� Click onAddin theEventList port.

Again,checkout theresultsby playingthedemosequence.
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2.11.7 Using clipping to add the skin gradually

Insteadof justswitchingtheskinonat onepoint,we canmake it appeargraduallyover thebonefrom
bottomto top. In orderto doso,weusetheOrthoSliceplaneto clip theskinmodel,andthenmovethe
OrthoSliceplaneup.

First,we needto movetheOrthoSliceplanedown againto wherewe wantto starttheclipping:

� Click on theDemoMaker module.
� SelectOrthoSlice/SliceNumberfrom theGUI elementlist.
� Enter30and3 asthestart/endvalues.
� Enter0.3and0.5asthestart/endtime.
� Click onAddin theEventList port.

Now, whenyouplay thedemo,theOrthoSliceplanewill movedown againduringthecamerarotation
(loadnetwork).

Now, we will clip theskinmodelusingtheOrthoSliceplane:

� Click on theDemoMaker module.
� SelectSurfaceView2/ Clip usingOrthoSlicefrom theGUI elementlist.
� Enteronastogglevalueand0.6astriggertime.
� Click onAddin theEventList port.

Whenyouruntheanimationnow, youwill notseetheskinsurface.This is becauseit is clippedabove
theOrthoSliceplane,andonly visiblebelow thatplane.To seethepartialsurfacebelow theplane,we
mustmake theOrthoslicedisplaytransparent:

� Click on theDemoMaker module.
� SelectOrthoSlice/ Transparencyfrom theGUI elementlist.
� SelectNoneandAlphaasthefrom/tovalues.
� Enter0.6asthetriggertime.
� Click onAddin theEventList port.

This way we have speci�ed thatat time 0.6, theTransparencyport of theOrthoSlicemodulewill be
changedfrom valueNoneto thenew valueAlpha. Whenrunningthedemosequence,theresultshould
look like this:
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As you see,partof theskin modelis showing below thetransparentOrthoSliceplane.To show all of
theskin,wesimplymovetheplaneupwardsprettymuchthesamewaywe did before:

� Click on theDemoMaker module.
� SelectOrthoSlice/ SliceNumberfrom theGUI elementlist.
� Enter3 and58asthestart/endvalue.
� Enter0.6and0.9asthestart/endtime.
� Click onAddin theEventList port.

Now youseetheskinslowly appearingover theboneastheclippingplanemovesupwards.

As a last step,you might want to rotatetheview againwhile theskin is appearing.You cansimply
reusetheold camerarotationduringa secondtime range:

� Click on theDemoMaker module.
� Select0.3... 0.5: CameraRotatefrom theEventList menu.
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� Youwill seestart/endvalueandstart/endtimeappearin thelowerpart.
� Changethestart/endtime to 0.6and0.9.
� Click on Add in theEventList port. This will leave theold eventuntouchedandadda second

camerarotationeventto thelist.

Youcancheckout the�nal animationby loadinga savednetwork script.

2.11.8 Mor e commentson clipping

Clippingcansometimesbea little bit morecomplicatedthanin our example,becauseclippingcanbe
appliedto a planein two differentorientations.This meansthatyou caneitherclip away everything
abovetheplane,or belowtheplane.Unfortunatelyit is notalwaysobviouswhichof thetwo casesyou
arein.

However, you cansimply invert theorientationof theclipping in DemoMaker. In our example,you
would simply selectOrthoSlice/ Invert clipping orientationfrom theGUI elementport andaddthat
eventat theverybeginningof yourdemosequence(e.g.,atsometimebeforetheclippingtakeseffect).

Youdo not needto useanOrthoSlicemoduleto do clipping. As you haveseen,theOrthoSlicemight
occludepartsof what you want to show. In that case,it is betterto createan emptyClippingPlane
moduleby selectingCreate/ClippingPlanefrom themenu.Attachthemoduleto thedatasetyouwant
to clip (e.g.,to reg005.surfin our example),andthenusetheClippingPlanefor clipping just asyou
usedtheOrthoSlicebefore.

2.11.9 Breaksand Function Keys

Thedemosequencethatwehavecreatedin this tutorial automaticallyrunsthroughthecompletetime
rangethatwe de�ned. Sometimesit might bedesirableto split thesequenceinto severalsegments,so

66 Chapter2: First stepsin amira



thatthedemowill stopat somepointandcanbecontinuedwhenever theuserdesiresto doso.

To take this into account,you caninsertbreaksin theDemoMaker event list. Let us insertonesuch
breakright afterthebonemodelappears:

� Click on theDemoMaker module.
� Select*Break,continueonkeystroke from theGUI elementlist.
� Enter0.21asthetriggertime.
� Click onAddin theEventList port.

Thiswaythedemowill stopat time0.21,whichis right afterthetimewhenthebonemodelis switched
on (0.2). Whenyou play thedemofrom thestart,you will noticethatafter theboneis switchedon,
thedemowill stop.

Let usinsertasecondbreakat timestep0.51,whichis right beforetheskinis startingto show. Proceed
asabove,usinga triggertimeof 0.51insteadof 0.21(loadnetwork).

If you run thedemofrom theverybeginning,it will stopaftertheboneis displayed,andyou canread
a messagein theconsolewindow telling you thatDemoMaker just stoppedandyou maypressF4 to
continue.Try thisby pressingthefunctionkey F4. Thedemocontinues.

Likewise, the demowill stop just beforeshowing the skin. Again, you can continuethe demoby
pressingF4. In general,at any point while thedemois running,you canpresstheF3 key to stopit
manually. PressingF4 will continuefrom thepointwherethedemostopped.

If you havede�ned breaksaswe did above, therearetwo moreinterestingfunctionkeys thatin some
senseallow you to navigatethroughthedemosegments:pressingF9 will jump backto theprevious
breakor to theverybeginningof thedemo,andF10 will jump to thenext break,or to theveryendof
thedemo.If you useF9/F10 whenthedemois stopped,it will just jump,andyou needto pressF4
to startplayingit from thenew time step.If youpressF9/F10 while thedemois running,it will just
jump to thenew time stepandcontinuerunning.

Pleasenotethatyoucandisablethebreaksby checkingtheskipbreaktogglein theOptionsportof the
DemoMaker module. You may even disablethede�nition of function keys by checkingthe options
togglein the Functionsport, andthenuncheckingfunctionkeys in the secondOptionsport. This is
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especiallyimportantif you wantto usemultiple DemoMaker modules,sinceonly oneof themodules
cande�ne thekeys.

2.11.10 Loopsand go-to

Onemorefeaturethatmight berequiredfor certainkindsof demosis thede�nition of loops. If you
justwantthewholedemoto run in a loop,youcando thiseasilyusingthebuilt-in featuresof thetime
slider: right-click on thesliderandselectloop or swing. Now if you play thetime slider, it will start
over from thebeginning(loopmode),or play forwards,backwards,forwards...(swingmode).

However, you maywant to de�ne somepartof thedemoto run in a loop, andthenstopthe loop and
continuewith thedemouponkey press.Youcaneasilydo this with thego-tofeatureof DemoMaker:

� Click on theDemoMaker module.
� Select*Go-to, jumpto user-speci�edtimestepfrom theGUI elementlist.
� Enter0.19astheTrigger time.
� Enter0.0astheTimeto jumpto.
� Click onAddin theEventList port.

Whenyou run thedemosequencenow, it will loop in the�rst segment,only showing theOrthoSlice
moveup, jump down, moveupagain.. .Youcanstopthis by clicking on thestopbuttonof theDemo-
Maker timeslideror by pressingF3. To continueaftertheloop,youneedto jumpto thenext segment
by pressingF10, andthenstartplayingagainby pressingF4.

2.11.11 Storing and replaying the animation sequence

As youmayhavenoticedby now, storingademosequenceonceyouhavede�ned it is quiteeasy:sim-
ply savethewholeamira network by selectingFile / SaveNetwork...from themenu.TheDemoMaker
modulewill besavedalongwith thenetwork, andsowill thedemosequenceyou havede�ned.
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Whenyou loadthenetwork backinto amira, thestateof thenetwork will bethesameasit waswhen
you saved it. This meansthat you shouldbe carefulto resettheDemoMaker time slider to 0 before
saving thenetwork, if youwantthedemoto startfrom thebeginning.

After loadingthenetwork, you canstartthedemoby clicking on theplay buttonof theDemoMaker
module,or by pressingF4. If youwantto runthedemoautomaticallyright afterthenetwork is loaded,
you canusetheautostart featurethatyou �nd whenyoucheckoptionsin theFunctionsport:

Justcheckthe auto start toggleandsave the network. Whenyou load it again,the demowill start
runningautomatically(loadnetwork).

2.12 Creatingmovie ®les

In this tutorial you will learnhow to recorda self-createdanimatedsequenceinto a movie �le using
theMovieMakermodule.

In our�rst examplewewill justuseacamerapathto animatethescene,whereasin oursecondexample
we will rely on thedemosequencecreatedin Section2.11.

2.12.1 Attaching MovieMaker to a camerapath

If you have createda visualizationof your dataandwantto createa movie showing this visualization
from all sidesor from certaininterestingviewpoints,you cancreatean appropriatecamerapathand
recorda movie by following thecameraalongthatpath.

Let uscreatea simpleexample.Loadthe lobus.am datasetfrom thetutorial subdirectoryand
attachan Isosurfacemoduleto it. Choosean isosurfacethresholdof 70 andpresstheApply button.
Theresultshouldlook similar to this:
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The easiestway to createa simple camerapath is to usethe CameraRotatemodule. SelectCre-
ate/CameraRotatefrom the menu,andpressthe play button of the newly createdmodule. You can
watchthescenerotatein theviewerwhile thetime slideris playing(loadnetwork).

To recordananimatedsceneinto a movie �le, you needto attacha MovieMaker moduleto a module
thatposessesa time sliderport. Themovie is recordedby goingthroughtheindividual time stepsand
takingsnapshotsof thevieweralongtheway.

In our example,theCameraRotatemodulehasa time slider, sowe canattacha MovieMaker module
to it by right-clickingontheCameraRotateicon in thePoolandselectingMovieMaker from thepopup
menu:

In theMovieMaker module,�rst click ontheBrowsebuttonin theFilenameportandenteramovie �le
namelikec:/tmp/test.mpg . The.mpg suf�x suggeststhatthemovie �le formatwill beMPEG,
which is a widely acceptedstandardformatfor digital moviesachieving a goodcompressionratio.

Next, adjustthe parametersof the MovieMaker moduleto your liking, e.g., changethe numberof
frames, theimagesize, or thecompressionquality. Pleasereferto theMovieMakerdocumentationfor
details.

In our example,let uschoose180framesandleaveall otherparametersuntouched.SincetheCamer-
aRotatemoduledoesa full rotationof 360degrees,eachof the180frameswill representa rotationof
two degreeswith respectto thepreviousframe.PresstheCreateMovie buttonto startrecording.
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Wait for sometime while theMovieMaker moduledrivestheCameraRotatemoduleandaccumulates
thesnapshots.Pleasenotethat thespeedduring therecording processis different than theplayback
speedof themovie. Now view theresultingmovie �le test.mpg with amovie playerof yourchoice
(e.g.,Windows MediaPlayeror a similar tool). Experimentwith the recordingparametersuntil you
getthedesiredresult(e.g.,controlthe�le sizeandimagequalityby changingtheCompressionquality
value,choosedifferentimagesizesto seeupto whichimagesizeyourcomputeris capableof smoothly
displayingthemovie, andchangethenumberof framesto controlthespeedof therotation).

2.12.2 Attaching MovieMaker to DemoMaker

Now we try to recorda movie of a morecomplex animatedscene.To this end,we load oneof the
networksthatwe havecreatedin in Section2.11: loadnetwork.

As youmight remember, thebasicideaof theDemoMakermodulewasthatyou de�ne a setof events
to beexecutedon a certaintime line. Checkthis out by clicking theplay buttonof the time slider in
theDemoMaker module.Youshouldseeanicelyanimateddemonstration.

If you rememberthe previous sectionin this tutorial, you might alreadyhave an idea of how we
canrecordthis animateddemonstrationinto a movie �le. Like theCameraRotatemodulein the �rst
example,the DemoMaker moduleis controlledvia a time slider that we can attachto. So simply
right-click on theDemoMaker icon in thePoolandattacha MovieMaker module.Likebefore,entera
movie �le nameandselectthenumberof framesbeforeyou click on theCreateMovie buttonto start
recording.
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2.13 Using MATLAB Scripts

In this tutorial you will learn how to integratecomplex calculusinto amira using MATLAB (The
MathWorks,Inc) by themeansof theCalculusMatlabmodule.

In orderto usetheCalculusMatlabmodule,MATLAB 7 mustbecorrectlyinstalledonyourcomputer.
TheCalculusMatlabmoduleestablishesa connectionto theMATLAB computationalenginethatwas
registeredduring installation. If you did not registerduring installation,on the Windows command
line youcanenterthecommand:

� matlab/regserver

Thelimitationsof theCalculusMatlabmodulearelistedin its documentation.

This tutorial coversthefollowing topics:

1. Loadingandexecutinga MATLAB script.
2. Lowpass�ltering on images.
3. Controllingthescriptwith a time slider.
4. Thresholdingona volume.

2.13.1 Lowpass�ltering on images

In this sectionwe will learnhow to apply a lowpass�lter on an amira imageusing the MATLAB
Fourier transformation.This exampleshows how to passdataandcontrol variablesfrom amira to
MATLAB, executea MATLAB script,andimport thedatabackinto amira.

� Loadthelena.pngimage�le locatedin subdirectorydata/tutorials/matlab.
� ChooseLuminancein theChannelConversion�eld asshown in Figure2.30.
� Rightclick on thegreeniconandchooseCalculusMatlabfrom theComputesection.

A new redicon appears,theCalculusMatlabmodulethatwill try to connectto theMATLAB engine.
Thismaytakea while.

� Load the script lowpass.mlocatedin subdirectorydata/tutorials/matlabby clicking the Read
buttonof theFile port.

� Executethescriptby clicking on thebuffer buttonof theExecuteport.
� ConnectanOrthoSliceto the�ltered imageresult.

ThemoduleusestheMATLAB computationenginewhichhasits own userinterface.

You can easily show or hide the MATLAB consoleusing the checkboxin the options�eld. The
MATLAB consoleis very usefulfor debuggingpurposesbecauseit allows you to accessvariablesof
theMATLAB workspace.Any variablenot clearedby theMATLAB ”clear” commandin thescriptis
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Figure 2.30: Loadingtheimage

accessiblein the MATLAB workspace,evenafter �nishing the currentCalculusMatlabcomputation
(seetheCalculusMatlabdocumentation).

In additionyou cancontrolscalarparametersof thescriptusingtimesliders:

� Createa timeslider(File/Create/Data/Time).
� ConnecttheCalculusMatlabmoduleto thetimeslider.
� Changetheline cutoff=0.05to cutoff=t in thescript(seetheCalculusMatlabdocumentationfor

moreinformationaboutthekeyword t).
� Click on thetimesliderandadjustthevaluethatwill beassignedto w. Rightmouseclick in the

text �eld of thetimesliderandselectCon�gureto adjustthedatarangeof theparameters.

Note: To handleRGBA image�ltering, youmustloadtheimagewith ColorFieldChannelConversion
andtreateachchannelseparatelyin thescript.

2.13.2 Thresholdingon a volume

In thissectionwewill learnhow to applya thresholdto avolume.This is doneby settingavaluefor a
threshold.If thevaluefor thevoxel is lessthanthethreshold,thevoxel valueis assignedthevalueof
zero.If it is abovethethreshold,it is assignedavalueof 255.

� Loadthe�le lobus.amlocatedin subdirectorydata/tutorials.
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Figure 2.31: TheCalculusMatlabmodule

Figure2.32: Left: original Right: lowpass�ltered
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� Rightclick on thegreeniconandchooseCalculusMatlabfrom theComputesection.
� Loadthescript threshold.mlocatedin subdirectorydata/tutorials/matlabby clicking theRead

buttonof theFile port.
� Executethescriptby clicking on thebuffer buttonof theExecuteport.

A new greenicon appears,theLatticethatwill hold thethresholdresult. ConnectanOrthoSliceor a
Voltex to seetheresult.

Note: Any variableaccessedby MATLAB andpushedbackinto the amira workspacewill loseits
voxel sizeinformation.Youwill needto correctthevoxel sizemanuallyusingtheCropEditor.
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Chapter 3

Program Description

Thischaptercontainsadetaileddescriptionof amira interfacecomponentsanddatatypes.No in-depth
knowledgeof amira is requiredto understandthe following sections,but it is a goodideato have a
look at oneof thetutorialscontainedin Chapter2, particularlythevery �rst onedescribedin Section
2.1(GettingStarted).

3.1 Interface Components

In this sectionthefollowing interfacecomponentsaredescribed:

� File Menu, Edit Menu, PoolMenu, CreateMenu, View Menu, HelpMenu
� Main Window, ViewerWindow, ConsoleWindow
� File Dialog, JobDialog, PreferencesDialog, SnapshotDialog, SystemInformation

3.1.1 File Menu

The�le menuletsyouloadandsavedataobjectsaswell asamira network scripts.In addition,it gives
you accessto amira's job dialogandallows you to quit theprogram.In the following text, all menu
entriesarediscussedseparately.

3.1.1.1 OpenData

TheOpenData buttonactivatesamira's ®le dialogandletsyou import datasetsstoredin a �le. Most
�le formatssupportedby amira will be recognizedautomaticallyvia the �le headeror the �le name
extension.For each�le, the �le dialogwill displayits format. If you try to loada �le for which the
formatcouldn't bedetectedautomatically, anadditionaldialogpopsupaskingyouto selecttheformat



manually. Youmayalsomanuallysetthe�le formatfor any �le by selectingthe�le, activatingthe�le
dialog'spopupmenuusingtheright mousebutton,andthenchoosingtheFormatoption.

A list of all supported®le formatsis containedin thereferencemanual.Hints on how to import your
own datasetsaregivenin Section4.1.

If youselectmultiple �les in the�le dialog,all of themwill beloaded,providedall of themarestored
in thesameformat. 2D imagesstoredin separate�les usuallywill becombinedinto a single3D data
object.On theotherhand,therearesome�le formatswhichcausemultipledataobjectsto becreated.
Finally, youcanalsoimportandexecuteamira network scriptsusingtheLoadbutton.

3.1.1.2 OpenTime SeriesData

This buttonalsoactivatesthe®le dialog, but in contrastto theordinaryLoadoptionit is assumedthat
all selected�les representdifferenttimestepsof asingledataobject.Whenloadingsucha timeseries
an instanceof a time seriescontrol moduleis created.This moduleprovidesa time slider allowing
you to adjustthecurrenttime step.Whenever a new time stepis selectedthecorrespondingdata�le
is read,anddataobjectsassociatedwith a previoustime steparereplaced.Themodulealsoprovides
acachesothatthedata�les only needto bereadonceprovidedthecacheis largeenough.

3.1.1.3 SaveData

TheSaveData buttonallows you to save a singlemodi�ed dataobjectagainusingthesame�lename
previously chosenunderSaveData As. Thebuttonwill only beactive if thedataobjectto besaved
is selectedandif this dataobjectalreadyhasbeensaved usingSaveData As. A commonapplica-
tion of theSavebutton is to storeintermediateresultsduringmanualsegmentationin amira's image
segmentationeditor.

3.1.1.4 SaveData As

This buttonletsyou write a dataobjectinto a �le. To do soyou must�rst selectthedataobject(click
on thecorrespondinggreendataicon). ThenchooseSaveDataAsto activateamira's ®le dialog. The
�le dialogpresentsa list of all formatssuitablefor saving thatdataobject. Choosetheoneyou like
andpressOK. Notethatyou mustspecifythecomplete�le nameincludingthesuf�x. amira will not
automaticallyadda suf�x to the �le name.However, it will updatethesuf�x whenever you selecta
new formatfrom the�le formatlist. Also, amira will askyoubeforeit overwritesanexisting �le.

Some�le formatscreatemultiple �les for a singledataobject.For example,eachsliceof a 3D image
datasetmight besavedasa separateraster�le. In this case,the�le namemaycontaina sequenceof
hashmarks.This sequencewill bereplacedby consecutivenumbersformattedwith leadingzeros.

If no �le formatat all hasbeenregisteredfor a certaintypeof dataobject,theSaveasbuttonwill be
disabled.It will alsobedisabledif morethanonedataobjectis selectedin thePool.
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3.1.1.5 NewNetwork

This buttondoesa Removeall objectssothatyou canstartbuilding anew network in thePool. It also
setsthenew network nameto Untitled.hx.

3.1.1.6 OpenNetwork

The OpenNetworkbutton activatesamira's ®le dialog andlets you load a network storedin a �le.
Network �les show up in thedialogasbeingof format”Amira Script”. A Removeall objectswill be
donebeforethenew network is loadedsothateffectively thenew network replacestheold network in
thePool.Currentlyonly �les with extension.hx canbeopened.

3.1.1.7 SaveNetwork

This buttonallows you to save thecompletenetwork of iconsandconnectionsshown in thePool. If
the network hasnot beenpreviously saved, you will needto specifythe nameof an amira network
script in the �le dialog. Whenexecuted,the network script restoresall dataobjectsandmodulesas
well asthecurrentobjecttransformationsandthecamerasettings.Thefeatureis usefulfor resuming
work at apoint whereit wasleft in a previousamira run.

Notethatusuallyall dataobjectsmusthavebeenstoredin a �le in orderto beableto savethenetwork.
If this is not thecase,a dialog is poppedup listing all thedataobjectsthatstill needto besaved. In
the dialog you canspecifythat all requireddataobjectsshouldbe saved automaticallyin a separate
subdirectory.

Insteadof theoptionamira script you canalsochooseamira script anddata �les (pack & go) from
the�le dialog's formatmenu.In this caseall dataobjectscurrentlyloadedwill besavedin a separate
directory. More optionsaffecting the export of network scriptscanbe adjustedin the Preferences
dialog.

3.1.1.8 SaveNetwork As

ThisbuttonworksliketheSaveNetworkbuttonexceptthatin thiscaseyouwill alwaysneedto specify
thenameof anamira network scriptin the�le dialog.

3.1.1.9 RecentFiles

Thisbuttoncanbeusedto loadrecentlyused�les. Whenchoosingthismenuentryasubmenuappears
listing the � ve mostrecent�les. If multiple 2D imageshave beenloadedthis is indicatedwith the
nameof the�rst �le followedby threeperiods(...).
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3.1.1.10 RecentNetworks

This button can be usedto load recentlyusednetwork scripts. When choosingthis menuentry a
submenuappearslisting the� vemostrecentnetwork scripts.

3.1.1.11 Jobs

Thisbuttonbringsupamira's job dialogwhichis usedto controltheexecutionof batchjobsrunningin
thebackground.For example,tetrahedralgridscanbegeneratedin abatchjob (seemoduleTetraGen).
However, for mostusersthebatchqueuewill beof minor interest.

3.1.1.12 Quit

This button terminatesamira. The currentnetwork con�guration will be lost unlessyou explicitly
save it usingSaveNetwork.

3.1.2 Edit Menu

TheEdit menuprovidesaccessto thestandardcut/copy/paste/deletecommands,aswell asto anex-
tendedversionof theParameterEditorandtheamira preferencesdialog.

3.1.2.1 Cut

In theConsole, this commandcutsselectedtext andcopiesit to theclipboard.In thePool, this com-
mandremovestheselectedobjects.

3.1.2.2 Copy

In theConsole, this commandcopiestheselectedtext to theclipboard.In thePool, this commandhas
noeffect.

3.1.2.3 Paste

In theConsole, this commandpastesthetext in theclipboardto thecurrenttext insertionpoint. In the
Pool, this commandhasnoeffect.

3.1.2.4 Delete

In theConsole, this commanddeletestheselectedtext. In thePool, this commanddeletestheselected
objects.
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3.1.2.5 SelectAll

In thePool, this commandselectall objects.

3.1.2.6 Database

TheDatabasebuttonactivatesanextendedversionof theParameterEditor, allowingyouto manipulate
amira'sglobalparameterdatabase.Amongothers,theparameterdatabasecontainsasetof prede�ned
materials(to beusedfor imagesegmentationandsurfacereconstruction)andof prede�nedboundary
ids (to beusedfor surfaceeditingandFEM pre-processing).For example,for eachmaterialandfor
eachboundaryid a defaultcolorcanbede�ned in thedatabase.

Modi�cation, insertion,andremoval of parametersis performedin the sameway asin the ordinary
parametereditor. In addition, the extendedparameterdialog providesa menubar allowing you to
load, import, save, or searchtheglobalparameterdatabase.amira's default databaseis storedin the
�le share/materials/database.hm locatedin thedirectorywhereamira wasinstalled.Use
theDatabasemenuoptionSetdefault�le to specifythatadifferentdatabase�le beusedinstead.This
changeis permanent,i.e.,it takeseffectalsoif amira is restarted.To switchbackto thesystemdefault,
usetheDatabasemenuoptionUsesystemdefault�le .

3.1.2.7 Preferences

This optionopenstheamira preferencesdialogdescribedin Section3.1.12. Thedialogcontrolshow
network scriptsareexported.It alsoletsyouchooseif warningdialogsshouldbepoppedup if youtry
to deletedataobjectswhich have not yet beensavedto �le, or if you try to exit amira without having
saved thecurrentnetwork before. Possiblymostinteresting,it allows you to con�gure the layoutof
youramira window.

3.1.3 Pool Menu

The Pool menuprovidescontrol over the visibility of object iconsand lets you deleteor duplicate
objects.Dependingonhow many iconsareselectedin thePool,somemenuoptionsmightbedisabled.

3.1.3.1 Hide

The Hide button hidesall currentlyselectedobjects. The object's iconsareremoved from the Pool
but theobjectsthemselvesareretained.Yougetthesameeffectby pressingtheCtrl-H key. Hidden
objectscanbemadevisibleagainusingShowor ShowAll.

3.1.3.2 Remove

The Remove button deletesall selectedobjectsandremovesthe correspondingiconsfrom the Pool.
Youcangetthesameeffectby pressingCtrl-X . If youwantto reuseadataobjectlateron,besureto
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saveit in a �le beforedeletingit. If adataobjecthasbeenmodi�ed but hasnotyetbeensavedto a �le,
it is markedby a little asteriskin theobjecticon. In thePerferencesdialogyou canchoosewhethera
warningdialogshouldbeprintedif youtry to deleteunsaveddataobjectswhichcannotberecomputed
by anup-streamcomputemodule.If youdeleteadataobject,all connectedmoduleswill bedeletedas
well. However, if you deletea moduleconnecteddataobjects(e.g.,theresultsof a computemodule)
will beretained.

3.1.3.3 Duplicate

TheDuplicatebuttoncreatescopiesof all selecteddataobjects.For eachcopy anew dataiconis put in
thePool.Thenameof a duplicateddataobjectdiffersfrom theoriginaloneby oneor moreappended
digits. Theduplicateoptionis notavailableif youhaveselectediconsthatdonotrepresentdataobjects
(e.g.,displayor computemodules).

3.1.3.4 Rename

This buttonallowsyou to changethenameof a selectedobjectin a smalldialogbox which is popped
up whenthebuttonis pressed.If no objectis selectedor if multiple objectsareselectedthebuttonis
disabled.Notethatno two objectsin amira canhave thesamename.Therefore,thenameenteredin
thedialogmaybemodi�ed by appendingdigits to it, if necessary.

3.1.3.5 Show

The Showbutton allows you to make hiddenobjectsvisible, so that their iconsaredisplayedin the
Pool. Amongthehiddenobjectsthereareusuallysomecolormapswhich areloadedat start-up.This
optionwill beunavailableif therearenohiddenobjects.

3.1.3.6 Show All

TheShowAll buttonmakesall currentlyhiddenobjectsvisible,sothattheir iconsaredisplayedin the
Pool.This optionwill beunavailableif therearenohiddenobjects.

3.1.3.7 RemoveAll

TheRemoveAll buttondeletesall currentlyvisible iconsandtheassociatedobjectsfrom thePool. A
pre-loadedcolormapthatis currentlyvisible is alsodeleted,but all hiddenobjectsareretained.If you
selecttheoptioncheck if dataobjectsneedto besavedin thePreferencesdialog,a warningdialog is
poppedup if therearedataobjectswhichhavenot yetbeensavedto a �le.
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3.1.4 CreateMenu

TheCreatemenuletsyou createmodulesor dataobjectsthatcannotbeaccessedvia thepopupmenu
of any otherobject. TheCreatemenuprovidesdifferentcategorieslike thepopupmenuin thePool.
For example,youcancreateaprocedurallyde�nedscalar�eld (whereyoucantypein somearithmetic
expression)by choosingScalar�eld from the Data sub-menu.The icon of a newly createdobject
usuallywill notbeconnectedto any otherobjectin thePool. In orderto establishconnectionslateron,
usethepopupmenuover thesmallwhite squareon theleft sideof theobject's icon. Youcanalsoput
in links to scriptsin theCreatemenu.Detailsarede�ned in Section5.5(Con�guring popupmenus).

3.1.5 View Menu

TheView menuprovidescontrolover severalViewer optionsaffectingthedisplayindependentof the
Viewer input.

3.1.5.1 Layout

The Layoutbutton lets you selectbetweenone,two, or four 3D viewers. All viewerswill be placed
insideacommonwindow usingadefaultlayout. If youwantto createanadditionalviewerin aseparate
window, chooseExtra Viewer. You maycreateevenmoreviewersusingtheTcl commandviewer
<n> show. Startingfrom n=4, viewerswill beplacedin separatewindows.

3.1.5.2 Background

The Backgroundbutton opensthe backgrounddialog, allowing you to switch betweenthe different
backgroundstylesuniform, gradient, andcheckerboard. In addition,thedialogallows you to adjust
thetwo colorsusedby thesestyles.

In order to changethe backgroundcolor via the commandinterface, use the viewer commands
viewer <n> setBackgroundColor and viewer <n> setBackgroundColor2 . The
commandinterfacealso allows you to placean arbitrary rasterimageinto the viewer background
(seeSection5.3.3.1, viewercommands).

3.1.5.3 Transparency

TheTransparencybuttoncontrolsthewayof calculatingpixel valueswith respectto objecttransparen-
ciesduringtherenderingprocess.

� ScreenDoor: Transparentsurfacesareapproximatedusingastipplepattern.
� Add: Additivealphablending.
� Add Delayed: Additive alphablendingwith two renderingpasses.Opaqueobjectscome�rst

andtransparentobjectscomesecond.

InterfaceComponents 83



� AddSorted:LikeAddDelayed, but transparentobjectsaresortedby distancesof boundingbox
centersfrom thecameraandarerenderedin back-to-frontorder.

� Blend:Multiplicativealphablending.
� BlendDelayed:Multiplicativealphablendingwith two renderingpasses.Opaqueobjectscome

�rst andtransparentobjectscomesecond.
� BlendSorted:Like BlendDelayed, but transparentobjectsaresortedby distancesof bounding

boxcentersfrom thecameraandarerenderedin back-to-frontorder.
� SortedLayers: Usesa fragment-level depthsortingtechnique,which. givesbetterresultsfor

complex transparentobjects.Multi-Texture,TextureEnvironmentCombine,Depthtexture,and
Shadow OpenGLextensionsmustbe supportedby your graphicsboard. If thegraphicsboard
doesnot supporttheseextensions,behavesasif BlendSortedwasset.

3.1.5.4 Lights

TheLightsmenuletsyouactivatedifferentlight settingsfor the3D viewer. By default,thevieweruses
asingleheadlight,i.e.,adirectionallight pointingin almostthesamedirectionasthecamerais looking.
Theheadlightcanbeswitchedonor off in eachviewervia theviewer'spopupmenu.Alternatively, the
headlightcanbeswitchedonor off for all viewersusingtheheadlighttogglein thisLightsmenu.This
standardlight settingscanberestoredusingtheStandard button. More light settingscanbede�ned
by creatinganappropriate�le in $AMIRA ROOT/share/lights . By default,amira providesone
additionallight settingincludingcoloredlights (BlueRed).

At any time,additionallightscanbecreatedvia theCreatelight option.Exceptfor theviewer'sdefault
headlight,all lights arerepresentedby little blue iconsin thePool, just like ordinarydataobjectsor
modules.In orderto make all hiddenlight iconsvisible,usetheShowall iconsoption.Hide all icons
hidesthe iconsof all light objects.For moreinformationaboutlights, pleaserefer to theReference
Sectionof this manual.

3.1.5.5 Fog

The Fog button introducesa fog effect into the displayedsceneandcontrolshow opacity increases
with distancefrom thecamera.Thefog effect will only beseenon a uniformbackground.More �ne
tuningis providedby thefogRange Viewercommand.

� None:No fog effect (default).
� Haze:Linearincreasein opacitywith distance.
� Fog: Exponentialincreasein opacitywith distance.
� Smoke: Exponentialsquaredincreasein opacitywith distance.
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3.1.5.6 Axis

TheAxisbuttoncreatesanAxis modulenamedGlobalAxiswhich immediatelydisplaysa coordinate
framein the viewer window. This button is a toggle,so clicking on it againdeletesthe GlobalAxis
moduleandremovesthecoordinateframefrom theviewer window. Theaxeswill becenteredat the
origin of the world coordinatesystem. You may alsocreatelocal axesby selectingthe appropriate
entryfrom a dataobject'spopupmenu.

3.1.5.7 Measuring

TheMeasuringbuttoncreatesaninstanceof a Measuringmodulethatletsyou measuredistancesand
anglesonobjectswithin theviewer.

3.1.5.8 EasyFade

TheEasyFadetoggleletsyou switchon a fadingeffect which is appliedto all kindsof scenemove-
ments.Beforea new imageis renderedonly a certainfractionof thebackgroundwill becleared.In
this way older imagesremainvisible until they fadeout after a while. Note that this moderequires
singlebuffer rendering,andtherefore,�ick eringmaybevisible in somecases.

3.1.5.9 Frame Counter

TheFrameCountertoggleletsyouswitchonaframes-per-secondcounterthatwill bedisplayedin the
�rst viewer (viewer0).

3.1.5.10 Console

TheConsoletoggleletsyouswitchonor off displayof theConsolewindow.

3.1.6 Online Help

amira user's documentationis availableonline. You canaccessit via theUser's Guideentry of the
mainwindow'sHelp menu.Theuser's guidecontainssomeintroductorychapters,aswell asa refer-
encesectioncontainingdocumentationfor speci�c

� modules,
� datatypes,
� editors,
� �le formats,
� andothercomponents.
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You mayaccessthedocumentationof any suchobjectvia a separateindex pageaccessiblefrom the
homepageof the online help browser. amira modulesalso provide a questionmark button in the
PropertiesArea.Pressingthis buttondirectlypopsup thehelpbrowserfor theparticularmodule.

By default, thehelpbrowseris displayedin thelower left portionof your amira window, in thesame
paneas the console. A tab button allows you to switch betweenthe two. To requestthat the help
browserto bedisplayedin its own top-level window, usetheLayouttabof theEdit/Preferencesmenu.

Going throughthe online documentsis similar to text handlingwithin any otherhypertext browser.
In fact, the documentationis storedin HTML format andcanbe readwith a standardweb browser
aswell. Somespeciallymarked (coloredandunderlined)text itemsallow you to jump quickly to
relatedor referencedtopics,whereblueitemspointto unreadsections,andreditemsto alreadyviewed
sections.UsetheBackward andForward buttonsto scroll in thedocumenthistoryandHometo move
to the�rst page.

Searching the online documentation
Theonlinehelpbrowserprovidesaverysimpleinterfacefor afull text search.First,presstheQuestion
Mark buttonto displaytheSearch dialog.Thenenterthedesiredtext into thetext �eld. PresstheNext
buttonin orderto performthesearch.

For example,supposeyouarelookingfor informationaboutthesurfaceeditor. Herearetheresultsof
varioussearchstringsyoumightenter:

� Search string: surfaceeditor
Result: all occurrencesof ”surface”or ”editor”

� Search string: surface+editor
Result: all occurrences(pages)containingtheword ”surface”andtheword ”editor”

� Search string: ”surfaceeditor”
Result: all occurrencesof thestring(caseinsensitive)of ”surfaceeditor”

Radiobuttonsallow you to searchthecurrentpage or throughoutall documentation. In currentpage
mode,eachtime youpresstheNext button,thenext occurrenceof thesearchstringis highlighted.

Whenthehelpbrowseris shown in atop-levelwindow, its userinterfaceis slightly different.Youenter
thesearchstringinto thetext �eld in theupperpartof thehelpbrowserwindow. Thenyoupresseither
the Search button to searchthe entiredocument,or you pressthe Find button to searchthe current
page.UsetheBackward andForward buttonsto scroll in thedocumenthistoryandHometo move to
the�rst page.

Running demoscripts
In thedemosectionof theon-linemanualyou caneasilystartany demonstrationjust by clicking on
themarkedtext. Thescriptwill beloadedandexecutedimmediately. Youmayinterruptrunningdemo
scriptsby usingthestopbuttonin thelower right of theamira mainwindow.
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Figure3.1: amira's helpwindow.
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Commands

help
Makesthehelpdialogappearandloadsthehomepageof theonlinehelp.

help getFontName
Returnsthenameof thefont of thebrowser.

help setFontName
Setsthefont of thebrowser.

help getFontSize
Returnsthesizeof thefont of thebrowser.

help setFontSize
Setsthe size of the font of the browser. In order to permanentlychangethe font size, put this
commandin the. amira �le in yourhomedirectoryor in anamira.init �le in thecurrentworking
directory. For detailsseeSection4.4.

help load file.html
Load the speci�ed hypertext documentin the �le browser. Note that only a subsetof HTML is
supported.

help reload
Reloadthecurrentdocument.

3.1.7 Main Window

amira's Main window consistsof two components,thePool in theupperpartof thewindow andthe
PropertiesAreain thelowerpart.ThePoolcontainsiconsrepresentingdataobjectsandmodulescur-
rently in useaswell aslinesconnectingiconsindicatingdependenciesbetweenobjectsandmodules.
ThePropertiesAreais theplacewheretheuserinterfaceof selectedobjectsis displayed.Typically, the
interfaceconsistsof buttonsandslidersarrangedin Ports. They canbethoughtof asportsbecausethe
usercanpassinformationto a modulethroughthem.ThePool andthePropertiesAreaaredescribed
below.

By default, theMain Window, theViewerwindow, theConsolewindow, andtheHelpbrowserareall
panesof a singlelargeamira window. However, it is possibleto designatethatany of theselast three
componentsbe displayedit its own top-level window using the Layout tab of the Edit/Preferences
menu.

3.1.7.1 Pool

Concepts
Oncea dataobjecthasbeenloadedor a modulehasbeencreated,it will berepresentedby anicon in
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thePool. Someobjects,especiallyinitially loadedcolormaps,maynot bevisible here. Suchhidden
objectsarelisted in thePool/ShowObjectmenuof theMain Window. Selectingan objectfrom this
menucausesthecorrespondingicon to bemadevisible in thePool.

Icon colorsareusedindicatedifferenttypesof objects.Dataobjectsareshown in greenandarethe
only objectswhich canbe saved to disk usingFile/Save. Computationalmodulesareshown in red,
visualizationmodulesareyellow, andvisualizationmodulesof slicing typeareorange.Suchmodules
maybeusedto clip thegraphicaloutputof any othermodule.

Connectionsbetweendataobjectsandprocessingmodules,shown asbluelines,representthe�o w of
data. For displaymodules,theseconnectionsshow the datausedto generatethe display. You may
connector disconnectobjectsby pickinganddragginga blueline betweenobjecticons.

As you might expect,not all typesof processingmodulesareapplicableto all kindsof dataobjects.
If you click on a dataobjecticon with theright mousebutton,a menupopsup thatshowsall typesof
modulesthatcanbeconnectedto thatobject.(Alternatively, you canclick on thesmallwhite triangle
on theright sideof the icon with the left, right, or middlebutton.) Selectingoneof themoduleswill
automaticallycreateaninstanceof thatmoduletypeandconnectit to thedataobject.A new iconand
a connectingline will appearin response.This way you cansetup a moreor lesscomplex network
thatrepresentsthecomputationalstepsrequiredto carryoutaspeci�c visualizationtaskandis usedto
trigger them. Note thatmodulesusedwill appearasshortcut(or macro)buttonsin theupperpartof
thewindow.

If you look closerat anobject's icon you will noticetwo smallsquareson its left, onewhite andone
orange.If you click on thewhite squarewith theleft (or right, or middle)mousebutton,a menupops
up thatshowsall connectionportsof thatobject.

If thewhite squarehasa ”-” or a ”+” inside,you canclick it with theleft (or right, or middle)mouse
button to hide (”collapse”) or unhidethe objectsconnectedto that object. The collapsefeatureis
helpful if therearetoo many objectsin the Pool to view easilyat once. The hiddenobjectswill be
visible in thePool/ShowObjectmenu.

The orangesquarecontrolsthe object's visibility in the viewers. It shows the currentviewer layout
(1 viewer, 2 viewers,etc.). Click insidethe region of the squarecorrespondingto a speci�c viewer
to togglethevisibility of theobjectin that viewer. The region turnsgray whenthemoduleis setto
invisible. If youareusingmorethan4 viewers,eachadditionalviewerwill haveits own orangesquare
on theobject's icon. You canalsocontrolan object's visibility by clicking on its visibility togglein
thePropertiesArea.

As mentionedabove, for mostobjectstherequiredconnectionsareautomaticallyestablishedon cre-
ation.However, in orderto setupoptionalconnectionsyoumustusetheconnectionpopupmenu.For
example,you mayattachanoptionalscalar�eld to anIsosurfacemodule'sColor�eld port in orderto
color thesurfaceusingthevaluesin theColor�eld.

Onceyou have selectedanentryfrom theconnectionpopupmenuof theobjecticon,you canchoose
anew inputobjectfor thatport. In orderto doso,click ontheinputobject's icon in thePool.Theblue
connectionline will becomelighter blueif theconnectionport canbeconnectedto thechosenobject.
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Figure 3.2: ThePoolcontainsdataobjectsandmoduleicons.

Reasonsfor not beingableto connectaninput to a port canincludethefollowing: incompatibledata
type(useCast�eldtochange),incompatibledimensionalityof theinput(useChannelWorkstochange),
incompatiblegrid typeof thedata(for example,useArithmetic to sampleonaregulargrid), or simply
that the connectiondoesnot make sense,forexample,connectinga displaymodulefor surfacesto a
CT dataset.

In orderto disconnectaninputobjectclick on theiconof themoduletheportbelongsto. Dataobjects
possessa specialconnectionport calledMaster. This port refersto a computationalmoduleor editor
the dataobject is attachedto. It indicatesthat the computationalmoduleor editor controlsthe data
object,i.e., thatit maymodify its contents.

Eachobjecthasanassociatedcontrolpanelcontainingbuttonsandslidersfor settingor changingad-
ditionalparametersof theobject.Thecontrolpanelbecomesvisibleoncetheobjecthasbeenselected,
i.e. by clicking on its icon with the left mousebutton. In order to selectmultiple objects,you can
shift-click the correspondingiconsor selectthemby usingthe rectangularselectiontool (pressand
hold down the left mousebuttonover thePoolbackground,thensweepout a rectangle).Clicking on
the icon of a selectedobjectdeselectsit again. Clicking somewhereon the backgroundof the Pool
causesall selectedobjectsto bedeselected.Oneor moreselectediconsmaybedraggedaroundin the
Poolby clicking on themandmoving themousepointerwhile holdingdown themousebutton.

Interface
At the right of the Pool bannerare the PoolSelect(arrow) andPoolPan (hand)buttons. In PoolSe-
lect mode,themouseis usedfor selecting,positioning,connecting,anddisconnectingobjectsin the
Pool. In PoolPanmode,moving themousepansthePoolworkspace.PresstheControlkey to switch
temporarilyfrom onemodeto theother.

At the top of the Pool is a region containingshortcut(or macro)buttons. The OpenData button is
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a shortcutto theFile/OpenData menuitem. Up to 4 additionalbuttonsareautomaticallydisplayed
dependingon thecurrentlyselectedobject(s).They provide easyaccessto themodulesthataremost
commonlyusedand/orthathavebeenrecentlyusedwith thecurrentlyselectedobject.

The trashcanat the bottomright of the Pool providesa convenientshortcutfor removing an object.
Dragtheobjectto thetrashcan.Whenthecursorturnsinto an”X”, releasethemousebuttonandthe
objectwill beremovedfrom thePool. If you removea dataobject,all modulesdownstreamfrom that
modulewill bedeletedaswell. Alternatively, youcanusetheRemoveobjectitemfrom thePool menu,
or you canusetheDeletekey or Ctrl-x to removeaselectedobject.

3.1.7.2 PropertiesAr ea

Oncean objecthasbeenselected,its input controlswill be displayedin the PropertiesArea below
the Pool. Eachobjecthasa speci�c setof controllableparametersor options. Thesearedescribed
in detail for eachmodulein the index sectionof the referencemanual.Computationalmodulesand
visualizationmodulesalsoprovideaquestionmarkbuttonwhich letsyouaccessthedocumentationof
thatmoduledirectly.

TheApplybuttonis active(green)for modulesthatrequireyou to explicitly initiate theiraction.Typi-
cally this is thecasefor moduleswhoseactionmaytakeasigni�cant amountof time,suchassomeof
thecomputemodules.WhentheStopbuttonis red,youcanpressit to interrupttheaction.

Checkon theauto-refreshcheckbox to automaticallyforceanapplyfor any changein thenetwork.

At thetopof anobject'scontrolpanelits nameis displayedandanumberof additionalcontrolbuttons
areprovided. All objectshave oneor moreorangeviewer buttonsfor each3D viewer. Thesebuttons
control whetherany graphicaloutput of an object is displayedin a particularviewer or not. For
example,if youhavetwo viewersandtwo isosurfacemodulesyoumaywantto displayoneisosurface
in eachviewer.

Display modulesof slicing type (orangeones)provide a clip button. Clicking this buttonwill cause
thegraphicaloutputof any othermoduleto beclippedby thatslice.Clipping doesnotaffectmodules
with hiddengeometryor modulesthatarecreatedaftertheclip buttonhasbeenpressed.

Dataobjectsprovide a numberof additionaleditor buttons. Editorsareusedin orderto modify the
contentsof a dataobject interactively. For example,you can performmanualsegmentationof 3D
imagedataby editing label ®elds using the imagesegmentationeditor. Someeditorsdisplay their
controlsin thePropertiesArea like all otherobjects,while othersusea separatedialogwindow that
allowsyou to performobjectmanipulations.

As alreadymentioned,speci�c input controlsof an objector a moduleareorganizedin Ports. Each
port hasa pin button on its left. If a port is pinnedit will still be visible even when the object is
deselected.The portsarecomposedof variouswidgetsthat re�ect an operationalmeaning,e.g., a
value is enteredby a slider, a stateis setby radio buttons,a binary choiceis presentedasa toggle
button. The control elementshave a uniform layout and are divided into several basic types. A
descriptionof thebasicport typesis containedin thecomponentindex sectionof theUser'sReference
Manual.
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3.1.8 Viewer Window

The3D viewer playsa centralrole in amira. Hereall geometricobjectsareshown in 3D space.The
3D viewerofferspowerful andfastinteractiontechniques.It canberegardedasavirtual camerawhich
canbemovedto anarbitrarypositionwithin the3D scene.Theleft mousebuttonis usedto changethe
view directionby meansof avirtual trackball.Themiddlemousebuttonis usedfor panning,while the
left andthemiddlemousebuttonpressedtogetherallow you to zoomobjects.

Thevirtual trackballcontrolledby the left mousebuttonallows for free rotationof thecamera.The
cameratrackball, displayedby default in thelower right cornerof theviewer, is usedfor constrained
rotation: rotationof thecameraaboutthescreen-alignedX, Y, or Z axes.Click on theverticalwheel
(it becomesred whenyou selectit) andmove the mouseup/down to rotateaboutthe X axis. Click
on thehorizontalwheel(it becomesgreenwhenyou selectit) andmove themouseleft/right to rotate
abouttheY axis. Click on the third wheel(it becomesblue)andmove themouseup/down to rotate
abouttheZ axis.

Sometimesyou needto manipulateobjectsdirectly in the 3D viewer. For example,this technique,
called3D interaction,is usedby the transformeditor. The editor providesspecialdraggersthat can
bepickedandtranslatedor rotatedin orderto specifythetransformationof a dataobject.Beforeyou
caninteractwith thesedraggers,you mustswitch theviewer into interactionmode. This is doneby
clicking on thearrow button in theupperleft corner. If theviewer is in interactionmode,themouse
cursorwill be an arrow insteadof a handsymbol. You canusethe [ESC] key in order to quickly
switch betweeninteractionmodeandviewing mode. If the viewer is in interactionmode,usethe
[Alt] key to temporarilyswitchto viewing mode.

More thanoneviewer canbeactive at a time. Standardscreenlayoutswith one,two, or four viewers
canbeselectedvia theView menu. AdditionalviewerscanbecreatedusingtheTcl commandviewer
<n> show, where<n> is anintegernumberbetween0 and15. While viewers0 to 3 will beplaced
in acommonpanelwindow, viewers4 to 15will createtheirown top-level window. For morespeci�c
control,theviewerprovidesanextensivecommandset,which is documentedin Section5.3.3.1.

The toolbarof the main viewer window providesseveral buttonsandcontrols,seeFigure 3.3. The
precisemeaningof thesecontrolsis describedbelow.

Interact:

Switchesthe viewer into interactionmode. You can also usethe [ESC] key to toggle between
viewing modeandinteractionmode.

Trackball:

Switchesthe viewer into viewing mode. You can also use the [ESC] key to toggle between
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interactionmodeandviewing mode. The left mousebutton is usedto changethe view directionby
meansof a virtual trackball.

Translate:

SameasTrackball exceptthattheleft mousebuttonis usedfor panning(translation).

Zoom:

SameasTrackball exceptthatin thismodeverticalmotionof theleft mousebuttoncontrolszooming.

Rotate:

Rotatesthecameraaroundthecurrentview direction.By default,a clockwiserotationof onedegree
is performed.If theShift-key is pressedwhile clicking, a 90degreerotationis done.If theCtrl-key is
pressed,therotationwill becounterclockwise.

Seek:

Pressingtheseekbuttonandthenclicking on anarbitraryobjectin thescenecausestheobjectto be
moved into the centerof the viewer window. Moreover, the camerawill be orientedparallel to the
normaldirectionat theselectedpoint. Seekingmodemayalsobeactivatedby pressingthe[S] key
in theviewerwindow.

Home:

Resetscamerato thehomeposition.

SetHome:

Setsthecurrentpositionasthenew homeposition.

Perspective/Ortho:

Togglesbetweenaperspectiveandanorthographiccamera.By default,a perspectivecamerais used.
You maywantto useanorthographiccamerain orderto measuredistancesor to exactlyalignobjects
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in 3D space. Note: Only one of thesebuttonswill be visible at a time, the button indicating the
currentlyactivecameratype.

View All:

or
Repositionsthe cameraso that all objectsbecomevisible. The orientationof the camerawill

not be changed. Note: The �rst button is seenif technical naming has been selectedin the
Edit/Preferences/Layoutdialog, the secondbutton will be displayedif medical naming has been
selected.

YZ-, XY- and XZ-V iews:

or
Adjusts the cameraaccordingto the speci�ed viewing direction. The viewing direction is parallel

to the coordinateaxis perpendicularto the speci�ed coordinateplane. Medical doctorsareusedto
viewing seriesof tomographicimagesparallelto theXY-planewith they-axis pointing downwards.
This convention is followed by the XY-button. The oppositeview direction is usedif the Shift
key is pressed.Note: The �rst setof buttonsis seenif technical naminghasbeenselectedin the
Edit/Preferences/Layoutdialog, the secondset of buttonswill be displayedif medicalnaminghas
beenselected.They correspondto axial,coronal,andsagittalviewsrespectively.

Stereo:

Allows you to enableor disablestereoviewing, aswell asspecifyvariousstereoviewing parameters
via theStereoPreferencesdialog.

Measuring:

Pressingthis button createsan instanceof a Measuringmodulethat lets you measuredistancesand
angleson objectswithin the viewer. Clicking on the down arrow will displaya menuof measuring
tools to chosefrom: 2D line, 3D line, 2D angle, 3D angle, and annotation. Seethe Measuring
module'sdocumentationfor details.Note: Only oneof thesebuttonswill bevisible on thetoolbarat
a time, thebuttonof themeasuringtool mostrecentlyaccessedfrom theviewer toolbar.

Snapshot:

Takesa snapshotof the currentrenderingareaandsaves it in a �le. The �lename aswell as the
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desiredoutput format must be enteredthroughthe Snapshotdialog. Snapshotsmay also be taken
usingtheviewercommandsnapshot .

Layout:

Selectsthe viewer layout: a single view, two viewers side-by-side,two viewers stacked, or four
viewers.

Fullscreen:

Selectsfullscreenmode. In this mode,theviewer occupiestheentirescreenandno otherwindows
will be visible. To exit fullscreenmode,click the right mousebuttonanduncheckFullscreenin the
popupmenu.

In additionto thesebuttons,theamira viewersprovide anextensive setof Tcl commands, which are
listedin Section5.3.3.1.

3.1.9 ConsoleWindow

The consolewindow is a commandshell allowing to accessamira's advancedcontrol features. It
servestwo purposes.First, it givesyou somefeedbackon what is currentlygoingon. Suchfeedback
messagesincludewarnings,errorindicationsandnotesonproblemsaswell asinformationon results.
Second,it providesacommandline interfacewhereamira commandscanbeentered.

amira'sconsolecommandsarebasedontheTcl scriptlanguage(Tool CommandLanguage). Examples
are:

load C:/MyData/something.am
viewer 0 setSize 200 200
viewer 0 snapshot C:/snapshot.tif

Theamira scriptingsyntaxandthespeci�c commandsaredescribedin theChapter5 (Scripting).To
executeasingleconsolecommandjust typein its nameandargumentsandpress̀ Enter'. If youselect
anobjectandthenpressthe[TAB] key on theemptycommandline, thenthenameof theobjectwill
beautomaticallyinserted.

You canalsotypethebeginningof a commandword andtypethe[TAB] key to completetheword.
This only works if the beginning is unique. Pressing[TAB] a secondtime will show the possible
completions. Often, this saves a lot of typing. Commandsprovided by dataobjectsand modules
aredocumentedin the referencesectionof theusersguide. Pressingthe [F1] key for sucha com-
mandwithout any argumentspopsup thehelptext for this command.This is alsotruefor commands
providedby theportsof anobject.
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Figure 3.3: amira's viewer window providesa virtual trackballfor easynavigation,aswell asa cameratrackball(lower right)
for constrainedrotation.Thetoolbarcontainsseveralcontrols,allowing you for exampleto switchbetweenviewing modeand
interactionmode,to choosecertainorientations,or to take snapshots.

Figure 3.4: amira's consolewindow displaysinfo messagesandletsyouenterTcl commands.
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Figure 3.5: amira's �le dialog.

Additionally theconsolewindowprovidesa commandhistorymechanism.Use`uparrow' and`down
arrow' to scroll upanddown in thehistorylist.

To executea �le containingmany Tcl commandsusesource <filename> or load the script
�le via amira's �le dialog from the �le menu. amira script �les are usually identi�ed by the
extension .hx . For advanced script examples take a look at amira's demo �les located in
$AMIRA ROOT/share/demo .

3.1.10 File Dialog

The File Dialog is the userinterfacecomponentfor importing andexporting datainto resp. from
amira. It is usedat severalplacesin amira, mostprominentlyby theLoad, SaveData As, andSave
Networkitemsof themainwindow'sFile menu.

Thedialogprovidestwo modesof information,a detailmodeanda multi-columnmode.In thedetail
mode,which is activeby default,some�le dataareshown next to each�lename,namelythe�le size,
the�le' s lastmodi�cation time,andthe�le format.Youmaysortthe�le list accordingto eachof these
propertiesby clicking on theparticularcolumn's headerbar. Subdirectorieswill alwaysbedisplayed
�rst. In multi-columnmodeonly the �le nameis displayed. You may switch betweenboth modes
usingthetool buttonsin theupperright partof thedialogwindow.
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Most �le formatssupportedby amira will be recognizedautomatically, eitherby analyzingthe �le
headeror by looking at the �le namesuf�x. A list of all supported®le formatsis containedin the
referencesectionof this manual.You maymanuallysetthe formatof a �le by meansof thedialog's
popupmenu(seebelow).

3.1.10.1 ChangingDir ectories

You canchangethecurrentdirectoryby double-clickinga subdirectoryin the �le list or by entering
a new directoryin the dialog's pathlist. By default, the pathlist containsthe currentdirectory, the
directorycontainingthedemodatasetsprovidedwith amira, aswell asall directoriesde�ned by the
environmentvariableAMIRA DATADIR. In AMIRA DATADIRmultiple directorynameshave to be
separatedby colons[:] on Unix systemsor by semicolons[;] on Windows systems.In addition,
onWindowssystemthenamesof thetwelvemostrecentlyvisiteddirectoriesarestoredin thepathlist.

3.1.10.2 SelectingFiles

To selectasingle�le just click on it or typein its namein the�le nametext �eld.

In somecasesyou might want to selectmorethanone�le at once,e.g.,whenloadinga 3D image
datasetasa seriesof single2D images.You cando this by selectingthe�rst �le �rst andthenshift-
selectingthelast�le. Thenall intermediate�les will beselectedaswell. Moreover, youmayctrl-click
a �le in orderto toggleits selectionstateindividually.

3.1.10.3 Using the FilenameFilter

The�lename �lter is visible whenthedialogis in import mode(LoadFile). It is usefulto restrictthe
list of �lenamesto a subsetmatchedby the �lter expression.The �lter expressionmay containthe
wildcardcharacters? (matchesany character)and* (matchesanarbitrarycharactersequence).For
example,theexpression*.img matchesall �lenameswith thesuf�x .img .

3.1.10.4 The File Dialog'sPopup Menu

The�le dialogprovidesapopupmenuwhichmaybeactivatedby pressingtheright mousebuttonover
the�le list. Amongothers,this menuletsyou renameor delete�les or directories,providedyou have
thepermissionto do that.Notethatyou mayonly deleteemptydirectories.

UsingtheFormatoptionof thepopupmenuyou maymanuallysettheformat to beusedwhenload-
ing a �le into amira. This option is useful if for somereasonthe wrong format hasbeendetected
automatically, or if no formatat all couldbedetected.Notehowever, thatany formatspeci�cationset
manuallywill beoverwrittenwhenthedirectoryis rereadthenext time.
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Figure3.6: Thejob dialogletsyou start,stop,examine,anddeletebatchjobs.

3.1.11 Job Dialog

Certaintime-consumingoperationsin amira canbeperformedin batchmode.For thispurposeamira
providesajob queue,wherejobslikegenerationof atetrahedralgridcanbesubmitted.Youcaninspect
thecurrentstatusof thejob queue,startanddeletejobsfrom thequeueby selectingJobsfrom amira's
�le menu.This will bringup theJobDialog.

In the upperpart of the job dialog the currentlist of jobs of a useris shown. For eachjob a short
descriptionis displayed,aswell asthetime whenthe job hasbeensubmittedandthecurrentstateof
thejob. A job maybewaiting for execution,running,�nished, or it mayhavebeenkilled.

The job dir ectory

For eachjob a temporarydirectory is createdcontainingany requiredinput data,scripts,statein-
formation,and log �les. On Unix systemsthis directory is createdat the locationspeci�ed by the
environmentvariableTMPDIR. If no suchvariableexists, /tmp is used. On Windows systemsthe
default temporarydirectoryis used.Typically this will beC:/TEMP .

Controlling the job queue

A job's statemaybemanipulatedusingtheactionbuttonsshown above the job list. In orderto start
the job queueselectthe�rst job waiting for executionandthenpresstheStartbutton. Notethatonly
onejob canbeexecutedat a time. In orderto kill a runningjob, selectit in the job list andpressthe
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Kill button.Youmaydeletea job from thejob queueusingtheDeletebutton.Whendeletinga job the
temporaryjob directorywill beremovedaswell.

Inf ormation about a job

Onceyou have selecteda job in the job queue,moredetailedinformationaboutit will be displayed
in the lower part of thedialog window, notablythestateof the job, the temporaryjob directory, the
submittime, thetimewhenthejob hasbeenstarted,therun time,andthenameof thecommandto be
executed.Any consoleoutputof a runningjob will beredirectedto a log �le locatedin thetemporary
job directory. Oncesucha log �le existsandhasnon-zerosizeyoumayinspectit by pushingtheView
outputbutton.

Commands

job submit cmd info [tmpdir]
Submitsa new job to the job queue. command speci�es the commandto be executed. info
speci�estheinfo stringdisplayedin thejob dialog. tmpdir speci�esthetemporaryjob directory.
If this argumentis omitteda temporaryjob directoryis createdby amira itself. In any case,the
directorywill beautomaticallydeletedwhenthejob is removedfrom thejob queue.Example:job
submit "clock.exe" "Test job"

job run
Startsthe�rst job in job queuependingfor execution.Whena job is �nished, executionof thenext
job in thequeuestartsautomatically, thusall jobs in thequeuewill be executedconsecutively by
job run .

3.1.12 PreferencesDialog

The PreferencesDialog allows you to adjustcertainglobal settingsof amira. The preferencesare
storedin a permanentfashionon a per-userbasis. The dialog containsa tab bar with several tabs.
The�rst tab,General, is relatedto thePoolandsaving thenetwork. Thesecondtab,Layout, affects
the layout of the userinterface. The third, On Exit, controlswhat conditionsarechecked for in the
networkswhenamira exits. TheMoleculestaballows you to specifyoptionsfor handlingmolecular
data.TheLDA taballows you to specifyoptionsfor out-of-coredata.For advancedusers,additional
optionscanbesetusingtheLDAExpertSettingsmodule.TheSegmentationtaballowsyou to specify
optionsfor theSegmentationEditor. SeetheSegmentationEditordocumentationfor details.

3.1.12.1 The GeneralTab

2-pass�ring algorithm
If set, a slightly more complex �ring algorithm is usedwhich ensuresthat down-streammodules

connectedto anup-streamobjectvia multiplepathsareonly �red onceif theup-streamobjectchanges.
Thedefault is off.
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Auto-selectnew modules
If set,a new moduleselectedfrom thepopupmenuof its parentobjectis shown automaticallyin the
PropertiesArea.Thedefault is on.

Deselectpreviouslyselectedmodules
This option can only be set if auto-selectionis turnedon. If set, all objectsare deselectedbefore
selectingthenew module. Otherwisethe new modulewill be appendedat the endof the Properties
Area.Thedefault is on.

Draw viewer toggleson icons
If set,small viewer masktogglesaredrawn on the iconsof dataobjectsanddisplaymodules.This

allowsyou to show or hidea modulein aviewerwithout selectingit �rst. Thedefault is on.

Draw computeindicator
If set,asmallredrectangleis drawn insidetheiconof amoduleto indicatethatthemoduleis currently
working. Thedefault is on.

Includeunuseddataobjects
If set,all dataobjectsincludinghiddencolormapsarestoredin network scripts.Whenexecutingsuch
a scriptall existingobjectsareremoved�rst. If not setonly visibledataobjectsandobjectswhichare
referencedby othersarestoredin a network script. Whenexecutingthescripthiddendataobjectsare
not removed.Thedefault is on.

Includewindowsizesandpositions
If set,window sizesandpositionsarestoredin network scripts. Be carefulusingthis option if you
wantto sendyourscriptto amachinewith adifferentscreenresolution.

Overwriteexisting�les in auto-save
If set,nooverwritecheckis performedfor dataobjectswhichneedto besavedautomaticallyin order
to createa network script. Otherwisea unqiue�le namewill be chosen.The default is on. Details
abouttheauto-savefeaturearedescribedin Section3.1.1.7.

3.1.12.2 The Layout Tab

Naming convention

Thesetogglesallow you chosebetweentwo namingconventions:medicalandtechnical. Your choice
will affect the labelsof someports,for example,Orientationports,aswell astheappearanceof the
viewerbuttonscontrollingtheview orientation.

Camera trackball

Thecameratrackball,usedfor constrainedrotationof thecameraaboutthescreen-alignedX, Y, or Z
axes,is describedin Section3.1.8.

Showthetrackball
This togglecontrolsthevisibility of thecameratrackball.Thedefault is on.

Auto-hidethetrackball
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When this box is checked, the trackball is only displayedwhile the mouseis within the trackball
displayarea.It is hiddenassoonasthemousemovesoutsidethetrackballdisplayarea.Thedefault is
off. This item is notactive if theShowthetrackball item is off.

Position
This menuallows you to specifywhich cornerof theviewer window to displaythe trackballin. The
default is Lowerright. This item is notactive if theShowthetrackball item is off.

Windows

Theseitemsallow you to con�gure the layout of the amira windows. By default, the main amira
interfacecomponents(Pool,PropertiesArea,mainViewerwindow, Console,andHelpBrowser)share
one large window. You canusethe checkboxesto displaysomeof thesecomponentsin separate
top-level windows. Thisgivesyouadditional�e xibility in managingthe”real-estate”of yourgraphics
display. For example,on a dual-headdisplayit canbeinterestingto displaythemainViewer window
ononedisplayandtherestof theamira interfaceon theother.

Showviewerwindowin top-levelwindow
ThemainViewerwindow will bedisplayedin a top-level window.

Showconsolein top-levelwindow
Theconsolewill bedisplayedin a top-level window.

Showhelpbrowserin top-levelwindow
Thehelpbrowserwill bedisplayedin a top-level window.

Show”DoIt” buttons
Somemoduleshaveabutton,usuallylabeled”DoIt”, to initiate theactionof themodule.Sinceamira
4.0,by default, this button is not displayedin thePropertiesArea. Rather, thegreenApplybuttonat
thebottomof thePropertiesArea is usedto initiate theaction. If this box is checked,thebuttonwill
bedisplayedin thePropertiesArea.ThegreenApplybuttonwill still beavailablefor useaswell.

Finally, you have the choiceto savewindowlayout on exit, Savecurrent layout (now), andRestore
currentlayout(now).

3.1.12.3 The On Exit Tab

Thepageallowsyou to controlwhatconditionsarecheckedfor in thenetworkswhenamira exits.

3.1.12.4 The MoleculesTab

Color Schemes

Thesecheckboxesallow youto chosealternatecolorschemes:CPKfor atoms,andRasMolfor amino
acids.

SelectionInf o

Theseitemscontrol how muchinformationis printedinto the consolewhenpartsof a moleculeare
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selected.ActivateMoleculenameif thenameof themoleculeshouldbeprinted.ActivateGroupname
if thenameof theselectedgroupshouldbeprinted. If you activateGroupattributes, all attributesof
theselectedgroupareprinted. If Explicit attributesis activated,theprintedattributesarerestrictedto
thoseexplicitly namedin thecorrespondingtext �eld.

Atom Expressions

3.1.12.5 The LDA Tab

Out-of-core threshold
Speci�esthesizeabovewhichdatasetswill betreatedasout-of-coredata.

Main memoryamount
Setsthemaximumallowedmainmemoryin MB (megabytes)for all theout-of-coredatasets.

Videomemoryamount
Setsthemaximumallowedtexturememoryin MB (megabytes)for all theout-of-coredatasets.

Viewpointre�nement
If set,re�nementdependson theviewpoint.

View culling
If set,re�nementtakesplaceonly in theview frustum.

Movelow resolution
If set,orthoslicesandobliqueslicesarecomputedin half resolutionwhenmoving.

Loadingpolicy
Setsloadingbehavior. If No Interaction is selected,theasynchronousloadingthreadwill only load
whentheuserdoesnot interactwith thescene.If Alwaysis selected,loadingoccursaslongasthereis
somethingto load. If Never is selected,no loadingoccurs.Thedefault is No Interaction.

3.1.12.6 The SegmentationTab

Material
If set,materialsareshown in the3D viewer. This toggleapplieswhenmaterialdraw style3D view is
enabledin theSegmentationEditor. Otherwise,it hasnoeffect.

Sliceposition
If set,theslicepositionis displayedin the3D viewer.

Show3D
If set,theselectionis shown in the3D viewer.

Draw style
This optionletsyouchoosethematerialdraw styleusedin the3D viewer.
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Figure 3.7: Thesnapshotdialogallows you to save or print thecontentsof aviewer window.

3.1.13 SnapshotDialog

TheSnapshotDialog providestheuserinterfaceof theviewer's snapshotfacility. You get thedialog
by clicking on thecameraicon in theviewer toolbar.

� Output: Speci�estheoutputdevice. With to �le thegrabbedimageis saved to a �le, with to
printer theimageis sentdirectly to theprinter, andwith to clipboard it is sentto theclipboard.
In the to printer modeyou �rst mustselectandcon�gure a printer by pressingthe Con�gure
button. In addition,you mayenteranarbitrarytext stringwhich is printedasanannotationtext
below thesnapshotimage.

� Offscreen:Letsyougrabimageslargerthantheactualscreensize.Whenthisoptionis checked,
theoutputdimensionscanbespeci�ed in thewidth andheighttext �elds up to a maximumof
2048x 2048pixels.

� Render tiles: Use this option to rendersnapshotsof virtually unlimited resolution(e.g. for
high quality printouts).In this modethesceneis dividedinto n x m tiles wheren andm canbe
enteredinto theadjacenttext �elds. Thenthecamerapositionis setsuchthateachtile �lls the
currentviewer anda snapshotis taken. Finally thetiles areinternallymergedto a singleimage
andsentto thedevicespeci�edin theOutputport.

� Filename: Letsyou specifythe �lename if the to �le option is set. TheBrowsebuttonallows
you to browseto adesiredlocationwithin the�lesystem.

� Format: The formatoption lets you selectthe �le format to be producedfor �le output. The
following formatsaresupported:TIFF (.tif,.tiff ), SGI-RGB(.rgb,.sgi,.bw ), JPEG
(.jpg,.jpeg ), PPM(.pgm,.ppm ), BMP (.bmp ), PNG(.png ), DCM (.dcm ), andEncap-
sulatedPostScript(.eps ). In addition,this port offers threeradio buttonsto choosebetween
grayscale, rgb, and rgb alpha type of rasterimages. If rgb alpha option is set, imagesare
producedsuchthat theviewer backgroundis assignedto thealphachannel.This option is not
availablefor �le formatsthatdonot supportanalphachannel.
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3.1.14 SystemInf ormation Dialog

Thesysteminformationdialogprovidesdiagnosticsinformationallowing theuseror theamira support
teamto betteranalyzesoftwareproblems.The dialog containsa tab bar with threepages.The �rst
pagelists information aboutthe currentCPU. The secondpagelists information aboutthe current
OpenGLgraphicsdriver. Thethird pagelists versioninformationaboutthecurrentlyinstalledamira
components.In the lower left partof thedialogyou will �nd a buttonSaveReport. With this button
all informationcanbewritten into a text �le. In caseof a supportcall, you maybeaskedto sendthis
text �le to thehotline.

3.1.14.1 The CPU Tab

This pagedisplaysinformationaboutthesystemon which you arerunningamira. This information
canbeusefulwhenreportingproblemsto technicalsupport.

3.1.14.2 The OpenGL Tab

This pagedisplaysinformation about the currentOpenGLgraphicsdriver. In particular, a list of
availableOpenGLextensionsis printed.This list allowsit to checkif certainrenderingtechniqueslike
directvolumerenderingvia 3D texturesaresupportedona particularhardwareplatformor not.

3.1.14.3 The Libraries Tab

This pagedisplaysa list of all DLLs or sharedlibrariescontainedin theamira lib directory. For each
library certainversioninformationaswell asanMD5 checksumareprinted.In this way it is possible
to checkwhethera certainpatchhasalreadybeeninstalledor not. For most libraries the version
informationis compiledin. For otherlibrariesthis informationis readfrom theversioninformation
�les foundin share/versions in theamira rootdirectory.

3.2 GeneralConcepts

This sectioncontainssomegeneralcommentson how dataobjectsare organizedand classi�ed in
amira. In particular, thefollowing topicsarediscussed:

� amira ClassStructure
� ScalarandVectorFields
� CoordinatesandGrids
� SurfaceData
� Vertex Set
� Transformations
� Parameters
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3.2.1 ClassStructure

In thissectionwediscusstheobject-orienteddesignof amira in alittle moredetail.Youalreadyknow
thatdataobjects,e.g.,gray level imagedataor vector�eld sets,appearasseparateiconsin thePool.
You alsoknow that therearecertaindisplaymoduleswhich canbeusedto visualizethedataobjects.
While somemodulescanbeconnectedto many differentdataobjects,e.g.,theBoundingBoxmodule,
otherscannot,e.g.,theOrthoSlicemodule.Thelattercanonly beconnectedto voxel dataor to scalar
distributionson voxel grids. The reasonis that internally both arerepresentedasa scalar�eld with
uniform Cartesiancoordinates.Consequently, thesamevisualizationmethodscanbeappliedto both.
On the otherhand,for examplea volumetrictetrahedralgrid modelof the objectof interestusually
lookscompletelydifferent. But sinceit is alsoa 3D dataobject,thesameBoundingBoxmodulecan
beconnectedto it.

In summary, thereareamira dataobjectsthatmight beconceivedof differenttype,but with respect
to mathematicalstructure,applicabilityof viewing andotherprocessingmodules,aswell asprogram-
ming interfacedesignhave many commonproperties.Obeying principlesof object-orienteddesign,
thedatatypesof amira areorganizedin classhierarchieswherecommonpropertiesareattributedto
'higher up' classesandinheritedto 'derived' classes,assub-classesof a classarecommonlyreferred
to. Conceptuallyeachobjectoccuringin amira is an instanceof a classandeachof its predecessors
in thehierarchythat theclassbelongsto. Theclassesandtheir hierarchiesarede�ned within amira.
As the useryou normally deal with instancesof classesonly. For instance,thereis a classcalled
”HxObject” with sub-classes”HxData” and”HxModule”. ”HxData” comprisesthe typesof dataas-
sociatedwith dataobjectsusedfor modelingtheobjectsof interest,e.g.,volumetrictetrahedralgrids
or surfaces.”HxModule” comprisesdatatypesthathave beenassignedto displayandotherprocess-
ing modules,againin accordancewith principlesof object-orienteddesign.This is why amira's data
objectsandprocessingmodulesarecommonlyreferredto as”objects”.

Therearealsoclassesin amira thatarenot derivedfrom ”HxObject” andconstituteotherdatatypes,
andthereareseveral independentclasshierarchies.e.g.,thereis a classcalled”HxPort” from which
all classessupportingtheoperationanddisplayof interfacecontrolelementsarederived(seesection
PropertiesAreaandtheList of Portsin theindex sectionof theuser'sguide).

A singleclasshierarchyis usually�gured asanupside-down tree,i.e. with the root at thetop. Thus
the data classtreeis the oneto which the informationasto which processingmoduleis applicable
to which dataobject is hooked. Its classesre�ect the mathematicalstructureof the objectmodels
supportedby amira. For example,scalar�elds andvector�elds aresuchstructuresandderivedfrom
a common”�eld” classwhich representsa mappingR3 ! Rn . Deriving a sub-classfrom this base
classrequiresa valueto bespeci�edfor n.

At thesametime �elds de�ned onCartesiangridsaredistinguishedfrom �elds de�ned on tetrahedral
grids, i.e., this distinction is part of the classi�cationschemethat givesrise to branchesin the data
classsubtree.In thenext sectionof this chapteryouwill learnmoreaboutthedataclasshierarchy. In
thesecondsectionwe discusshow somedatatypesfrequentlyusedfor variousvisualizationtasks�t
into it.

Internally, all classnamesbegin with a pre�x Hx. However, you don't have to rememberthesenames
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unlessyou want to usethecommandshell to createobjects.For example,a boundingbox is usually
createdby choosingtheBoundingBoxitemfrom thepop-upmenuof a dataobjectthatis to bevisual-
ized,but you mayalsocreateit by typingcreate HxBoundingBox in thecommandwindow.

3.2.2 ScalarField and Vector Fields

Themostimportant�elds in amira arethree-dimensionalones.These�elds arede�ned on a certain
domain� R3. A �eld canbe evaluatedat any point inside its domain. If the �eld is de�ned on a
discretegrid, thisusuallyinvolvessomekind of interpolation.

3.2.2.1 ScalarFields

A 3D scalar�eld is a mappingR3 ! R. The baseclassof all 3D scalar�elds in amira is HxS-
calarField3. Varioussub-classesrepresentdifferentwaysof de�ning a scalar�eld. Therearea num-
berof visualizationmethodsfor them,for examplepseudo-coloringon cuttingplanes,iso-surfacing,
or volumerendering.However, many visualizationmodulesin amira rely on a special�eld represen-
tation. Therefore,they canonly operateon sub-classesof a generalscalar�eld. Whenever a given
geometryis to bepseudo-colored,any kind of scalar�eld canbeused(cf. Colorwash, GridVolume,
Isosurface).

TheclassHxTetraScalarField3 representsa �eld which is de�ned on a tetrahedralgrid. On eachgrid
vertex a scalarvalue,e.g.,a temperature,is de�ned. Valuesassociatedto pointsinsidea tetrahedron
areobtainedfrom thefour vertex valuesby linearinterpolation.This classdoesnotprovidea copy of
thegrid itself, insteada referenceto thegrid is provided.This is indicatedin thePoolby a line which
connectsthegrid iconandthe�eld icon. As aconsequence,a �eld de�ned onatetrahedralgrid cannot
beloadedinto thesystemif thegrid itself is notalreadypresent.

TheclassHxRegScalarField3 representsa �eld which is de�ned on a regularCartesiangrid. Sucha
grid is organizedasa three-dimensionalarrayof nodes.In themostsimplecasethesenodesareaxis-
alignedandhaveequalspacings.Thecoordinatesof suchauniformgrid canbeobtainedfrom asimple
boundingbox containingtheorigin vectorandincrementsfor all directions.Stackedcoordinatesare
anotherexample.Herethespacingin z-directionbetweensubsequentslicesmaybedifferent. In any
casescalarvaluesinsideahexahedralgrid cell areobtainedfrom theeightvertex valuesusingtrilinear
interpolation.While theOrthoSlicemodulecanonly be usedto visualizescalar�elds with uniform
or stacked coordinates,othermoduleslike ObliqueSliceor Isosurfacework for all scalar�elds with
regularcoordinates.

Yet anotherexampleof a scalar�eld is the classHxAnnaScalarField3. It representsan analytically
de�ned scalar�eld. To createsucha �eld, selectScalarField from theCreatemenuof amira's main
window. You have to specifya mathematicalexpressionwhich is usedto evaluatethe �eld at each
requestedposition.Up to threeother�elds canbeconnectedto theobject.Thesecanbecombinedto
a new scalar�eld, evenif they arede�ned ondifferentgrids.
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3.2.2.2 Vector Fields

As for scalar�elds amira providesa numberof vector�eld classes,thesearederivedfrom thebase
classesHxVectorField3 and HxComplexVectorField3. While ordinary vector �elds return a three-
componentvectorat eachposition,complex vector �elds returna six-componentvector. Complex
vector�elds areusedfor encodingstationaryelectromagneticwavepatternasrequiredby someappli-
cations.Usuallycomplex vector�elds arevisualizedby projectingtheminto thespaceof realsusing
differentphaseoffsets.TheVectorsmoduleevenallowsyouto animatethephaseoffset. In thiswaya
niceimpressionof theoscillatingwavepatternis obtained.

3.2.3 Coordinatesand Grids

amira currentlysupportstwo importantgrid types,namelygrids with hexahedralstructure(regular
grids),andunstructuredtetrahedralgrids. Othertypes,e.g.,unstructuredgridswith hexahedralcells
or block-structuredgridswill beaddedin futurereleasesof amira.

3.2.3.1 Regular Grids

A regulargrid consistsof athree-dimensionalarrayof nodes.Eachnodemaybeaddressedby anindex
triple (i,j,k). Regulargridsarefurtherdistinguishedaccordingto thekind of coordinatesbeingused.
Themostsimplecasecomprisesuniformcoordinates,whereall cellsareassumedto berectangularand
axis-aligned.Moreover, thegrid spacingis constantalongeachaxis. A grid with stackedcoordinates
maybeimaginedasa stackof uniform 2D slices.However, thedistancebetweenneighboringslices
in z-directionmayvary. In caseof rectilinearcoordinatesthecellsarestill alignedto theaxes,but the
grid spacingmayvaryfrom cell to cell. Finally, in caseof curvilinearcoordinateseachnodeof thegrid
may have arbitrarycoordinates.Grids with curvilinearcoordinatesareoften usedin �uid dynamics
becausethey haveasimplestructurebut still allow for accuratemodelingof complex shapeslikerotor
bladesor airfoils.

3.2.3.2 Tetrahedral Grids

The TetraGrid classrepresentsa volumetric grid composedof many tetrahedrons.Suchgrids can
generallybeusedto perform�nite-elementsimulations,e.g.,E-�eld simulations.

A considerableamountof informationis maintainedin a TetraGrid. For eachvertex a 3D coordinate
vectoris stored. For eachtetrahedronthe indicesof its four verticesarestoredaswell asa number
indicatingthe segmentthe tetrahedronbelongsto asobtainedby a segmentationprocedure.Beside
this fundamentalinformationa numberof additionalvariablesarestoredin orderfor the grid being
displayedquickly. In particularall trianglesor facesarestoredseparatelytogetherwith six faceindices
for eachtetrahedron.In additionfor eachfacepointersto thetwo tetrahedronsit belongsto arestored.
Thisway theneighborhoodinformationcanbeobtainedef�ciently .

WhensimulatingE-�elds usingthe�nite-elementmethod,theedgesof agrid needto bestoredexplic-
itly, becausevectoror Whitney elementsareused.Theseelementsandits correspondingcoef�cients
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arede�ned on a per-edgebasis. Whena grid is selectedinformationon the numberof its vertices,
edges,faces,andtetrahedronsis displayed.

3.2.4 SurfaceData

amira providesa special-purposedataclassfor representingtriangularsurfaces,calledHxSurface.
This classis documentedin moredetail in theindex sectionof theuser's guide. For themoment,we
only mentionthat theclassmaintainsconnectivity informationandthat it mayrepresentmanifoldas
well asnon-manifoldtopologies.

The surfaceclassprovidesa rich setof Tcl commands.It is a goodexampleof an amira dataclass
thatdoesnot simplystoreinformation,but allows theuserto queryandmanipulatethedataby means
of special-purposemethodsandinterfaces.

3.2.5 Vertex Set

Another exampleof dataabstractionand inheritanceis the VertexSet class. Many dataobjectsin
amira arederived from this class,e.g., landmarksets,molecules,surfaces,or tetrahedralgrids. All
theseobjectsprovidea list of pointswith x-, y-, andz-coordinates.Othermoduleswhich requirea list
of pointsasinput only needto accesstheVertexSetbaseclass,but don't needto know theactualtype
of thedataobject.

Onesuchexampleof agenericmoduleoperatingonVertexSetobjectsis theVertexView module.This
moduleallowsyou to visualizevertex positionsby drawing dotsor little spheresateachpoint.

3.2.6 Transformations

Dataobjectsin amira canbe modi�ed usingan arbitraryaf�ne transformation.For example,this
makesit possibleto align two differentdataobjectssothatthey roughlymatcheachother. Internally,
af�ne transformationsarerepresentedby a 4x4 transformationmatrix. In particular, a uniform scalar
�eld remainsa uniform scalar�eld, evenif it is rotatedor sheared.Displaymoduleslike OrthoSlice
still canexploit thesimplestructureof theuniform �eld. Thepossibletransformationis automatically
appliedto any geometryshown in the3D viewer.

In orderto interactivelymanipulatethetransformationmatrixusetheTransformEditor(documentation
is containedin theindex sectionof theuser'sguide).

Be carefulwhensaving transformeddatasets!Most �le formatsdo not allow to storeaf�ne transfor-
mations.In this caseyou have to applythecurrenttransformationto thedata.This canbedoneusing
theTcl-commandapplyTransform . In caseof vertex setobjectsthetransformationis appliedto
all vertices.Old coordinatesarereplacedby new ones,andthetransformationmatrixis resetto identity
afterwards.After a transformationhasbeenappliedto a dataset,it cannotbeunseteasilyanymore.

If a transformationis appliedto uniform �elds, e.g., to 3D imagedata,the coordinatestructureis
not changed,i.e., the �eld remainsa uniform one. Instead,the datavaluesareresampled,i.e., the
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transformed�eld isevaluatedateveryvertex of the�nal regulargrid. Theboundingboxof theresulting
grid is modi�ed sothatit completelyenclosesthetransformedoriginalbox.

3.2.7 Parameters

For any dataobjectanarbitrarynumberof additionalparametersor attributesmaybede�ned. Param-
eterscanbe interactively added,deleted,or editedusingtheparametereditor. Parametersareuseful
for exampleto storecertainparametersof a simulationor of anexperiment.In this way thehistoryof
adataobjectcanbefollowed.

Therearecertainparameterswhich areinterpretedby severalamira modules.Themeaningof these
parametersis summarizedin thefollowing list:

� Colormap name
This speci�es the nameof the default colormapusedto visualizethe data. Somemodules
automaticallysearchthePoolfor this colormapandfor exampleuseit for pseudocoloring.

� DataWindow minVal maxVal
This indicatesthe preferreddatarangeusedfor visualizingthe data. The OrthoSlicemodule
automaticallymapsvaluesbelow minVal to blackandvaluesabovemaxVal to white.

� LoadCmd cmd
Thisparameteris usuallysetby import �lters whena dataobjectis read.It is usedwhensaving
thecurrentnetwork into a �le andit allowsto restoretheobjectautomatically. Internaluseonly.

Note that therearemany �le formatswhich do not allow to storeparameters.Therefore,informa-
tion might get lost whenyou save the dataset in sucha format. If in doubt,usethe amira speci�c
AmiraMeshformat.
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Chapter 4

TechnicalInf ormation

Thischaptercontainstechnicalinformationaboutamira whichis notcoveredin thepreviouschapters.

� DataImport
� CommandLine Options
� EnvironmentVariables
� amira start-upscript
� SystemRequirements

4.1 Data Import

Usually, oneof the �rst thingsamira userswant to know is how to import their own datainto the
system.Thissectioncontainssomeadviceintendedto easethis task.

In the simplestcase,your datais alreadypresentin a standard�le format supportedby amira. To
import such�les, simply usetheFile Loadmenu.A list of all supportedformatscanbefoundin the
index sectionof the user's guide. Usually, the systemrecognizesthe format of a �le automatically
by analyzingthe�le headeror the �lename suf�x. If a supportedformat is detected,the �le browser
indicatestheformatname.

Often, 3D image volumesare storedslice by slice usingstandard2D imageformatssuchas TIFF
or JPEG.In caseof medicalimages,slicesarecommonlystoredin ACR-NEMA or DICOM format.
If you selectmultiple 2D slicessimultaneouslyin the �le browser, all sliceswill automaticallybe
combinedinto a single3D dataset. Simultaneousselectionis mosteasilyachievedby �rst clicking
the�rst sliceandthenshift-clicking thelastone.

If your data is not alreadypresentin a standard�le format supportedby amira you will have to
write your own converteror export �lter . For many dataobjectssuchas3D images,regular �elds,



or tetrahedralgridsamira's native AmiraMeshformatis mostappropriate.Usingthis formatyou can
even representpoint setsor line segmentsfor which thereis hardly any otherstandardformat. The
AmiraMeshdocumentationexplainsthe�le syntaxin detailandcontainsexamplesof how to encode
differentdataobjects. Oneimportantamira datatype, triangularnon-manifoldsurfaces,cannotbe
representedin a AmiraMesh�le but hasits own �le formatcalledHxSurfaceformat.

Finally, in caseof imagesor regular �elds with uniform coordinatesyou may alsoreadbinary raw
data. Notethatfor raw datathedimensionsandtheboundingbox of thedatavolumemustbeentered
manuallyin adialogboxwhichpopsupafteryouhaveselectedthe�le in the�le browser.

4.2 CommandLine Options

This sectiondescribesthecommandline optionsunderstoodby amira. In general,on Unix systems
amira is startedvia the start script locatedin the subdirectorybin . Usually, this script will be
linked to /usr/local/bin/amira or somethingsimilar. Alternatively, the usermay de�ne an
aliasamira pointingto bin/start .

On Windows systems amira is usually started via the start menu or via a desktop
icon. Nevertheless, the amira executable may also be invoked directly by calling
bin/arch-Win32-Optimize/amira.exe . In this case,the samecommandline optionsas
ona Unix systemareunderstood.

Thesyntaxof amira is asfollows:

amira [options] [files ...]

Data�les speci�ed in thecommandline will be loadedautomatically. In additionto data�les, script
�les canalsobespeci�ed. Thesescriptswill beexecutedwhentheprogramstarts.

Thefollowing optionsaresupported:

� -help
Printsashortsummaryof commandline options.

� -version
Printstheversionstringof amira.

� -no stencils
Tells amira not to askfor a stencilbuffer in its 3D graphicswindows. This optioncanbesetto
exploit hardwareaccelerationonsomelow-endPCgraphicsboards.

� -no overlays
Tells amira not to useoverlayplanesin its 3D graphicswindows. Usethis optionif you expe-
rienceproblemswhenredirectingamira onaremotedisplay.

� -no gui
Startsup amira without openingany windows. This option is usefulfor executinga script in
batchmode.

112 Chapter4: Technical Information



� -logfile filename
Causesany messagesprintedin theconsolewindow alsoto bewritten into thespeci�edlog �le.
Usefulespeciallyin conjunctionwith the-no gui option.

� -depth size number
This option is only supportedon Linux systems.It speci�es the preferreddepthof the depth
buffer. ThedefaultonLinux systemsis 16bits.

� -style= f windows | motif | cde g This option setsthe display style of amira's Qt
userinterface.

� -debug This optionsappliesto the developerversiononly. It causeslocal packagesto be
executedin debugversion.By default,optimizedcodewill beused.

� -cmd command [-host hostname] [-port port]
SendTcl commandto a running amira application. Optionally the host nameand the port
numbercan be speci�ed. You must type app -listen in the consolewindow of amira
beforecommandscanbereceived.

4.3 Envir onment Variables

In orderto executeamira no specialenvironmentsettingsarerequired. On Unix systemssomeen-
vironmentvariableslike thesharedlibrary pathor theamira root directoryaresetautomaticallyby
theamira startscript. Otherenvironmentvariablesmaybesetby theuserin orderto controlcertain
features.Thesevariablesarelisted below. On Unix systemsenvironmentvariablescanbe setusing
theshell commandssetenv (cshor tcsh)or export (sh,bash,or ksh). On Windows environment
variablescanbede�ned in thesystempropertiesdialog(Windows2000/XP).

� AMIRA DATADIR
A list of datadirectorynamesseparatedby semicolons[;] on Windows systemsandcolons
[:] onUnix systems.The�rst directorywill beusedasthedefaultdirectoryof the�le dialog.
Otherdirectoriesarequickly accessiblevia the�le dialog'spathlist.

� AMIRA TEXMEM
Speci�estheamountof texturememoryin megabytes.If thisvariableis not setsomeheuristics
areappliedto determinetheamountof texturememoryavailableon a system.However, these
heuristicsmay not alwaysyield a correctvalue. In suchcasesthe performanceof the Voltex
modulemightbeimprovedusingthisvariable.

� AMIRA MULTISAMPLE
On high-endgraphicssystemslike SGI Onyx, a multi-samplevisual is usedby default. In
this way, ef�cient sceneanti-aliasingis achieved. If you want to disablethis feature,set the
environmentvariableAMIRA MULTISAMPLEto 0. Note thaton othersystems,especiallyon
PCs,anti-aliasingcannotbecontrolledby theapplicationbut hasto beactivateddirectly in the
graphicsdriver.
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� AMIRA NOOVERLAYS
If this variableis set,amira will not useoverlayplanesin its 3D graphicswindows. Thesame
effectcanbeobtainedbymeansof the-no overlays commandline option.Turnoff overlays
if youexperienceproblemswith redirectingamira onaremotedisplay, or if yourX serverdoes
not supportoverlayvisuals.

� AMIRA NOSPLASHSCREEN
If this variableis set,amira will notdisplayasplashscreenwhile it is initializing.

� AMIRA LOCAL
Speci�esthelocationof thelocalamira directorycontaininguser-de�nedmodules.IO routines
or modulesde�ned in this directoryreplacetheonesde�ned in themainamira directory. This
environmentvariableoverwritesthe local amira directoryset in the developmentwizard (see
amira programmer'sguidefor details).

� AMIRA SMALLFONT
Unix systemsonly. If this variableis seta smallfont will beusedin all portsbeingdisplayedin
thePropertiesAreaevenif thescreenresolutionis 1280x1024or bigger. By default, thesmall
font will beusedonly in caseof smallerresolutions.

� AMIRA XSHM
Unix systemsonly. Setthisvariableto 0 if youwantto suppresstheuseof theX sharedmemory
extensionin amira's imagesegmentationeditor.

� AMIRA SPACEMOUSE
This variable has to be set in order to support a spaceballor spacemousedevice (see
www.spacemouse.com). With thespacemouseyou cannavigatein the3D viewer window. Two
modesaresupported,a rotatemodeanda �y mode.Youcanswitchbetweenthetwo modesby
pressingthespacemousebuttons1 or 2.

� AMIRA STEREOONDEFAULT
If this variableis setthe3D viewer will beopenedin OpenGLraw stereomodeby default. In
thiswaysomescreen�ick ercanbeavoidedwhichotherwiseoccurswhenswitchingfrom mono
to stereomode.Currentlythevariableis supportedonUnix systemsonly.

� TMPDIR
Thisvariablesspeci�esin whichdirectorytemporarydatashouldbestored.If notset,suchdata
will becreatedunder/tmp . Amongothers,this variableis interpretedby amira's job queue.

4.4 User-de®nedstart-up script

amira may be customizedin certainways by providing a user-de�ned start-upscript. The default
start-upscript,calledAmira.init , is locatedin thesubdirectoryshare/resources of theamira
installationdirectory. This script is readeachtime the programis started.Among otherthings,the
start-upscript is responsiblefor registering�le formats,modules,and editorsand for loading the
defaultcolormaps.

If a �le calledAmira.init is foundin thecurrentworking directory, this �le is readinsteadof the

114 Chapter4: Technical Information



default start-upscript. If no such�le is found,on Unix systemsit is checkedif thereexistsa start-up
scriptcalled.Amira in theuser'shomedirectory. Below anexampleof auser-de�ned start-upscript
is shown:

# Execute the default start-up script
source $AMIRA_ROOT/share/resources/Amira.in it 0

# Set up a uniform black background
viewer 0 setBackgroundMode 0
viewer 0 setBackgroundColor black

# Choose non-default font size for the help browser
help setFontSize 12

# Restore camera setting by hitting F2 key
proc onKeyF2 { } {

viewer setCameraOrientation 1 0 0 3.14159
viewer setCameraPosition 0 0 -2.50585
viewer setCameraFocalDistance 2.50585

}

In thisexample,�rst thesystem'sdefaultstart-upscriptis executed.Thisensuresthatall amira objects
areregisteredproperly. Thensomespecialsettingsaremade.Finally, a hot-key procedureis de�ned
for thefunctionkey F2. Youcande�ne suchaprocedurefor any otherfunctionkey aswell. In addition,
procedureslike onKeyShiftF2 or onKeyCtrlF2 canbede�ned. Theseproceduresareexecuted
whena functionkey is pressedwith theShift or theCtrl modi�er key beingpresseddown.

4.5 SystemRequirements

amira runson Microsoft Windows2000/XP, Linux (RedHat EnterpriseLinux 3.0),Mac OSX Tiger
(10.4),SunSolaris8 and9, HP-UX 11.00,SGI Irix 6.5.x.

amira relieson fasthardware-acceleratedOpenGL3D graphics.We stronglyrecommendhardware
texture mapping,sincemany visualizationtools in amira rely on it. Hardware texture mappingis
available,on all recentPC3D graphicsboards.On Unix systemsit is availablefor example,on SGI
O2,OctaneandOnyx systems,onHPworkstationswith fx/4, fx/6 or fx/10 graphics,or onSunCreator
3D, Elite, Expert3D or newergraphicsboards.For detailsonhardwareacceleration,seebelow.

Apart from 3D graphicshardwareprobably, the most importantsystemparameteris main memory.
You shouldhave at least512MB, preferably2 GB or more. amira canalsobestartedwith lessthan
512MB but it maydecreaseglobalperformance.

The speedof theprocessorof courseis alsoan importantparameter. However it is lesscritical than
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thegraphicssystemandthemainmemorysize.For thePCversions,we recommendat leasta 2 GHz
processor.

4.5.1 On SystemStability

amira is averydemandingapplicationthatextensively useshigh-endfeatures.Experienceshowsthat
suchapplicationstendto reveal instabilitiesin systemhardware,hardwaredrivers,andtheoperating
system.A commonproblemis insuf�cient mainmemory. Werecommendyoucon�gure enoughswap
memoryin additionto physicalmemory. Thetotalamountof virtual memoryshouldbeat least1 GB.
2 GB wouldbeevenbetter.

Especiallyon PC platforms,OpenGLdriverstodayareoften not asrobust asdesired.Also, system
crashesdueto badmemorychipsor unstablepower-supplyarenot rare. If you experienceproblems
or instabilitieswith amira onyourWindowsplatform,werecommendthatyou follow thesesteps:

1. Click onall thedemoscriptsin theOnlineUser'sGuide.If thesystemcrashes,turnoff hardware
acceleration(choosethe extendedbutton from the Windows display settingsdialog) and try
again. If this eliminatestheproblem,thereis a bug in your OpenGLdriver. Try to geta new
driver from thewebsiteof themanufacturerof yourgraphicsboard.

2. Try usingadifferentcolordepthin theWindowsdisplaysettingsdialog.Try 24or 32bit.
3. Loadthe lobus.am datasetandvisualizeit with a Voltex module.Turn on thespinrotation

(turn it with themousein theviewer andreleasethemousebuttonwhile moving themouse,so
thattheobjectcontinuesmoving). Let it run overnight(turn off thescreensaver). If thesystem
hascrashedor frozenthenext morning,youprobablyhavea hardwareproblem.

If this doesnothelp,or if a reproducibleerroroccursondifferentcomputers,thenit mightbea bug in
theamira softwareitself. Pleasereportsuchbugssothatthey canbeeliminatedin thenext releaseor
apatchcanbeprepared.

4.5.2 Micr osoft Windows

amira runson Intel or AMD-basedsystemswith Microsoft Windows 2000andMicrosoft Windows
XP.

Graphics Hardware: You shouldusea graphicsboardwith OpenGLsupportandtexture mapping
capabilities.Both is thecasefor almostall newer3D boards.

4.5.3 Silicon Graphics

Graphics Hardware: To getoptimalgraphicsperformance,themachineshouldsupporttexturemap-
ping in hardware. Currently this is the casefor all O2 systems,andfor Octanesystemswith High
Impact,Maximum Impact (not Solid Impact) andOdyssey graphics. amira providesa numberof
moduleswhich make useof texturemapping,e.g.,slicing,pseudo-coloring,or volumerendering.On
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machineswithout hardwaretexturemapping,thesemoduleseitherrun muchslower or maynot work
at all. Theadvantageof theOctaneis ahigherspeedin polygonrendering.For a complex modelwith
an isosurfaceof 100,000triangles,the framerateis 10 persecondfor an Octane,comparedto 3 per
secondfor an O2. The MXE andMXI Octaneshave larger texture memorythanthe SSEandSSI.
ThustheMXE andMXI enablea directvolumerenderingusing3D textures,which is notpossibleon
anSE,SI or O2.

Software: Thecurrentversionof amira requiresIRIX 6.5.xor higher. We recommendyou install the
newestversionof theoperatingsystem(seehttp://www.sgi.com/support ).

4.5.4 HP-UX

amira performsprettywell onHPworkstationsequippedwith Visualizefx/4, fx/6+, andfx/10graphics
cardsunderHP-UX 11.00. Probablyit will run on other machinesas well provided the OpenGL
runtimeenvironmenthasbeeninstalled.In any casewe recommendto install thetextureacceleration
option for your graphicssystem(hardwaretexture mapping),especiallyif you intendto work with
large3D imagedatasets.

Important: By defaultsomeHP workstationsarecon�guredwith adatasizelimit of 64MB for each
process.In orderto loadreasonabledatasets,youshouldincreasethisvalueto 1 GB andthestacksize
to 128MB. Do thisby modifyingthevaluesin sam/KernelCon�gurationmaxdsiz=0x80000000,
ssiz=0x8000000, tssiz=0x8000000 .

4.5.5 SunOS

amira runsonSunworkstationswith Solaris8 or Solaris9.

amira is successfullybeingusedonsystemswith Creator3D, Elite 3D, Expert3D, andZulu graphics
boards.It runson a simpleCreatorgraphicsboardsaswell. However, sinceno hardwaretexturing is
available,performanceis limited.

4.5.6 Linux

TheLinux versionof amira asbeendevelopedandtestedon RedHat EnterpriseLinux 3.0. On other
Linux distributionsthis versionmight not run becausecertainrequiredsystemlibrariesaremissingor
becausedifferentversionsof theselibrariesareinstalled.

Thereis alsoaversionfor Linux IA64 or AMD64 systems.Thisversionhasbeencompiledandtested
on theRedHat EnterpriseLinux 3.0distribution.

amira workswith thecurrent3D graphicsdriversfrom nVidia andATI underXFree864/Xorg. It has
alsobeensuccessfullytestedwith otherX-serverslikethe3D Accelerated-Xserversfrom XI graphics.

Note: After a standardinstallation of Red Hat Enterprise3.0 Linux, hardware accelerationis
not necessarilyactivated, althoughX-Windows and amira may work �ne. To enableOpenGL

SystemRequirements 117



hardware accelerationspeci�c drivers may have to be installed, like the nVidia drivers from
http://www.nvidia.com . This canincreaserenderingperformanceby anorderof magnitude.
Sometimesit is necessaryto disablethestencilbuffers(by startingamira with theoption-no stencils)
to getacceleration.

4.5.7 Mac

TheMac versionof amira hasbeendevelopedandtestedon Mac OSX Tiger (10.4). On otherlater
Mac releasesthis versionmight not run becausecertainrequiredsystemlibrariesmaybedifferent.

amira workswith thecurrentMac 3D graphicsdriversfrom nVidia andATI.

In any caseamira requiresan X server resolutionof at least1024x768andat least15 bits of color
depth.We stronglyrecommend1280x1024with 24-bit color depthat least.

Pleasenotethatif softwarerenderingis used,renderingperformancemaydropsigni�cantly, especially
for visualizationtechniqueslike volumerendering.

4.6 amira and the /3GB switch

This pagedescribesproblemsandpossiblesolutionsrelatedto theusageof large datasetsin amira
4.1oncomputersrunningWindowsXP. If you frequentlyencounterdialogsin amira suchas”cannot
allocatexxxxxx bytesof memory” althoughyou think you have enoughphysicalmemoryinstalled,
thentheinformationprovidedon thispagemightbeusefulfor you.

The Problem:

Any 32-bit operatingsystemsuchasWindows (NT4.0, 2000,XP) or Linux canmanageat most4
gigabytes(GB) of memory. Windowsdividesthis addressablespaceinto 2 GB reservedfor usageby
thesystemonly and2 GB for any userapplication.Therefore,asingleapplicationcanuseatmaximum
2 GB of memory. Notethatthis is independentof theactualphysicalmemory, i.e., it doesnot matter
whetherthesystemhas1, 2, 3 or 4 GB of memoryinstalled.Within the2 GB reservedfor theuser,
thesoftwareitself (executableandall of its DLLs) andall of thedatahasto �t. This makesclearthat
it is impossiblefor aWindowsprogramto load2 GB of dataat a time.

To overcomethis,Microsofthasprovidedabootoptionfor Windowsthatalterspartitioningof address
spaceso that 3 GB arereserved for the userand1 GB for the system.Unfortunately, however, this
bootoption is not compliantwith mostWindows XP installationsat level SP1. A descriptionof the
problemis givenhere.Microsoft has�x edtheproblemwith its currentServicePack2.

How to activate the /3GB switch:

It shouldbenotedthatwecannotguaranteethatthefollowing changesto bemadein yoursystemwill
not affect the executionof otherprogramsalthoughwe have not found any incompatibilitiesso far.
We alsowish to stressthatwe assumeno responsibilityfor any lossof dataasa consequenceof those
changes.Wethereforestronglyrecommendthatyouback upyoursystembeforemakingthesechanges.
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All you needto do is to edit the �le C:/boot.ini. To do so, make surethat you are loggedon your
machinewith administrative privileges.Thenselectfrom Start-> Settings-> ControlPanel-> System-
> Advanced-> (Startupand Recovery) Settingsand click the Edit button. Duplicatethe line under
[operatingsystems].Changethenamebetweenthequotesandaddthe”/3GB” switchright after the
”/f astdetect”switch.Thenew entrymight look thensimilar to this:

[operating systems]
multi(0)disk(0)rdisk(0)partition(1)\WINDOWS="Mi crosoft Windows XP \

Professional" /fastdetect
multi(0)disk(0)rdisk(0)partition(1)\WINDOWS="Mi crosoft Windows XP \

Professional 3GB" /fastdetect /3GB

Notethatfor theusageof the/3GB bootoptiontheapplicationmustbeawareof thealteredmemory
assignment.For amira 4.1 thereis alreadynative supportfor the /3GB bootoption. If you areusing
anolderversionof amira, we stronglyrecommendupdatingto 4.1.

Now, asyou bootup yourcomputer, a screenis displayedthatgivesyou thechoicebetweentwo boot
options. Usethe arrow keys to selectthe entry with the ”3GB” in the line andpressreturn. amira
shouldnow beableto address3 GB of memoryinsteadof thedefault 2 GB. You canappreciatethis
by comparingtheresultof ”appmaxmalloc”in theamira consolewindow with andwithout the3 GB
option. On a typical installationwith 1 GB of memoryinstalledandwithout the /3GB switch, the
command”appmaxmalloc”mayresultin somethinglike this:

Allocated chunk of 942 MB.
Allocated chunk of 225 MB.
Allocated chunk of 129 MB.
Allocated chunk of 121 MB.
Allocated chunk of 72 MB.
Allocated a total of 1723 MB in 25 chunks

With the/3GB switchon thesameinstallation,thecommandresultsin thefollowing:

Allocated chunk of 1023 MB.
Allocated chunk of 919 MB.
Allocated chunk of 225 MB.
Allocated chunk of 111 MB.
Allocated a total of 2278 MB in 4 chunks

Whatyou canseeis thatthetotal amountof allocatablememoryhasnot changeddramatically. How-
ever, with the/3GBswitch,thesecondlargestchunkof memoryis nearlyaslargeasthe�rst one.
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Chapter 5

Scripting

5.1 Intr oduction

Thischapteris intendedfor advancedamira usersonly. If youdonotknow whatscriptingis, it is very
likely thatyouwill notneedthefeaturesdescribedin this chapter.

Besidetheinteractivecontrolvia thegraphicaluserinterface,mostof theamira functionalitycanalso
be accessedusingspeci�c commands.This allows you to automatecertainprocessesandto create
scriptsfor managingroutine tasksor for presentingdemos. amira's scriptingcommandsarebased
on Tcl, the Tool CommandLanguage. This meansyou canwrite commandscriptsusingTcl with
amira-speci�c extensions.

amira commandscanbe typedinto theamira consolewindow, asdescribedin Section3.1.9. Com-
mandstypeddirectly into theconsolewindow will beexecutedimmediately. Alternatively, commands
canbewritten into a text �le, whichcanthenbeexecutedasa whole.

This chapteris organizedasfollows:

Section5.2 (Introductionto Tcl) givesa shortintroductionto theTcl scriptinglanguage.This section
is notveryamira speci�c.

Section5.3(amira ScriptInterface)explainsamira-speci�c commandsandconceptsrelatedto script-
ing. This includesareferenceof globalcommands.

Section5.4 (amira Script Files) explainsthe differentwaysof writing andexecutingscript �les in-
cludingreferencesto scriptobjects,resource�les, andfunction-key boundTcl procedures.

Section5.5(Con�guring PopupMenus)describeshow thepopupmenuof anobjectcanbecon�gured
usingscriptcommands,andhow new entriescausinga scriptto beexecutedcanbecreated.

Section5.6 (Registeringpick callbacks)describeshow script callbackscanbe attachedto objectsor
viewersandbeinvokedonuserpick events.



DataType: ScriptObjectdescribeshow to useTcl scriptsfor de�ning custommodulesthathavetheir
own graphicaluserinterfaceandcanbeusedlike thebuilt-in amira objects.

5.2 Intr oduction to Tcl

This chaptergivesa brief introductionto theTcl scriptinglanguage.If you arefamiliar with Tcl you
canskipthissection.However, pleasenoticethatinsteadof theputs command,youshoulduseecho
for outputto theamira console.

This chapteris not intendedto cover all detailsof the language.For a completedocumentationor
referencemanualof the Tcl language,refer to a text book like Tcl and the Tk Toolkit by John K.
Ousterhout, thecreatorof Tcl. Like many otherbooksaboutTcl, this alsocoverstheTk GUI toolkit.
NotethatTk is notusedin amira.

Alternatively you can easily �nd Tcl documentationand referencemanualson the internete.g., at
www.scriptics.com , or lookingupkeywordslikeTcl tutorial or Tcl documentation
with a searchenginelike www.google.com .

Whenyou typeTcl commandsinto theamira console,they will beexecutedassoonasthereturnkey
is pressed.Usethecompletionandhistory functionsprovidedby theamira console,asdescribedin
Section3.1.9(consolewindow).

5.2.1 Tcl Lists, Commands,Comments

First,pleasenotethatTcl is casesensitive: set andSet arenot thesame.

A Tcl commandis a space-separatedlist of words. The �rst word representsthe commandname,
all further wordsaretreatedasargumentsto that command.As an example,try the amira-speci�c
commandecho , whichwill print all its argumentsto theamira console.Try typing

echo Hello World

This will outputthe string Hello World. Note that Tcl commandscanbe separatedby a semi-colon
(;) or a newline character. If you wantto executetwo successive echo commands,you cando it this
way:

echo Hello World ; echo Hello World2

or like this:

echo Hello World
echo Hello World2
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Insteadof a command,you canalso placea commentin Tcl code. A commentstartswith a hash
character(#) andis endedby thenext line break:

# this is a comment
echo Hello World

5.2.2 Tcl Variables

In Tcl, variablescanbeused.A variablerepresentsa certainstateor value.UsingTcl code,thevalue
of theplaceholdercanbequeried,de�ned,andmodi�ed. To de�ne avariableusethecommand

set name value

e.g.

set i 1
set myVar foobar

Notethatin Tcl internallyall variablesareof stringtype.Sincethesetcommandrequiresexactlyone
argumentasthevariablevalue,youhave to quotevaluesthatcontainspaces:

set Output "Hello World"

or

set Output {Hello World}

In order to substitutethe valueof a variablewith namevarname, a $ sign hasto be put in front of
that name. The expression$varnamewill be replacedby the valueof the variable. After the above
de�nitions,

echo $Output

would print

Hello World

in theconsolewindow, and

echo "$i.) $Output"

wouldyield theoutput1.) Hello World. Notethatvariablesubstitutionis performedfor stringsquoted
in " , while it is not donefor stringsenclosedin bracesfg . Evennewline charactersareallowedin a f
g enclosedstring. Notehowever that it is not possibleto typein multi-line commandsinto theamira
console.
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5.2.3 Tcl CommandSubstitution

To do mathematicalcomputationsin Tcl, you can usethe commandexpr which will evaluateits
argumentsandreturnthevalueof theexpression.Examplesare:

expr 5 / ( 7 + 3)
expr $i + 1

In orderto usetheresultof acommandlikeexpr for furthercommands,animportantTcl mechanism
hasto be used:commandsubstitution,denotedby brackets[]. Any list enclosedin brackets[] will
be executedasa separatecommand�rst, andthe [...] constructwill be replacedwith the resultof
thecommand.This is similar to the`...` constructin Unix commandshells.For example,in orderto
increasethevalueof thevariablei by oneyou canuse:

set i [expr $i + 1]

Of course,commandexpressionscanbearbitrarily nested.Theorderof executionis alwaysfrom the
innermostbracketpair to theoutermostone:

echo [expr 5 * [expr 7 + [expr 3+3]]]

5.2.4 Tcl Control Structures

Furtherimportantlanguageelementsareif-else constructs,for loopsandwhile loops. These
constructstypically are multi-line constructsand thereforecan not be typed conveniently into
the amira console. If you want to try the examplesshown below, write them into a �le like
C:\test.txt by usinga text editorof yourchoice,andexecutethe�le by typing

source C:\test.txt

Westartwith theif-then mechanism.It is usedto executesomecodeconditionally, only if acertain
expressionevaluatesto “true (meaningavaluedifferentfrom 0):

set a 7
set b 8
if {$a < $b} {

echo "$a is smaller than $b"
} elseif {$a == $b} {

echo "$a equals $b"
} else {

echo "$a is greater than $b"
}
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Theelseif andelse partsareoptional.Multiple elseif partscanbeused,but only a singleif
andelse part.

Anotherimportantconstructis theconditionalloop. Like theif command,it is basedon checkinga
conditionalexpression.In contrastto if , theconditionalcodeis executedmultiple times,aslong as
theexpressionevaluatesto true:

for {set i 1} {$i < 100} {set i [expr $i*2]} {
echo $i

}

In factthiscodeis identicalto:

set i 1
while {$i < $100} {

echo $i
set $i [expr $i * 2]

}

Both loopswould producetheoutput1, 2, 4, 8, 16,32,64.

If you wantto executea loop for all elementsof a list, thereis anothervery convenientcommandfor
that:

foreach x {1 2 4 8 16 32 64} {
echo $x

}

This will generatethe sameoutputas the previous example. Note that the expressionenclosedin
bracesis a space-separatedlist of words.

User-De�ned Tcl Procedures

A new functionor procedureis de�ned in Tcl usingtheproc command.Proctakestwo arguments:
a list of argumentnamesandtheTcl codeto beexecuted.Oncea procedureis de�ned, it canbeused
just like any otherTcl command:

proc computeAverageA {a b} {
return [expr ($a+$b)/2.0]

}
proc computeAverageB {a b c} {

return [expr ($a+$b+$c)/3.0]
}
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echo "average of 2 and 3: [computeAverageA 2 3]"
echo "average of 2,3,4: [computeAverageB 2 3 4]"

As you canseein the example,the argumentlist de�nes the namesfor local variablesthat canbe
usedin thebodyof theprocedure(e.g.$a). Thereturn commandis usedto de�ne theresultof the
procedure.This resultis thevaluethatis usedin thecommandbracketsubstitution[] .

If you want to de�ne a procedurewith a �e xible numberof arguments,you must usethe special
argumentnameargs . If theargumentlist containsjust this word, thenewly de�ned commandwill
acceptanarbitrarynumberof arguments,andtheseargumentsarepassedasa list calledargs :

proc computeAverage args {
set result 0
foreach x $args {

set result [expr $result + $x]
}
return [expr $result / [llength $args]]

}

In this example,thellength commandreturnsthenumberof elementscontainedin theargs list.

Note that thevariableresult de�ned in theprocedurehaslocal scope,meaningthat it will not be
known outsidethebodyof theprocedure.Also, thevalueof globally de�ned variablesis not known
within aprocedureunlessthatglobalvariableis declaredusingthekeywordglobal :

set x 3
proc printX {} {

global x
echo "the value of x is $x"

}

Thereis much more to be said aboutprocedures,e.g., concerningargumentpassing,evaluationof
commandsin thecontext outsideof theprocedure,andsoon. Pleasereferto a Tcl referencebookfor
theseadvancedtopics.

List and String Manipulation

Finally, at the end of this brief Tcl introduction,we comeback to the conceptof lists. Basically
everything in Tcl is constructedusing lists, so it is very importantto know the most importantlist
manipulationcommandsaswell asto understandsomesubtledetails.

Hereis anexampleof how to take aninput list of numbersandconstructanoutputlist in which each
elementis twice asbig asthecorrespondingelementin theinput list:

126 Chapter5: Scripting



set input [list 1 2 3 4 5]
set output [list]
foreach element $input {

lappend output [expr $element * 2]
}

Youcanthink of lists assimplestringsin which thelist elementsareseparatedby spaces.Thismeans
thatyoucanachievethesameresultasin thepreviousexamplewithoutusingthelist commands:

set input "1 2 3 4 5"
set output ""
foreach element $input {

append output "[expr $element * 2] "
}

Theappendcommandis similarto lappend, but it justaddsastringattheendof anexistingstring.List
manipulationbecomesmuchmoreinvolvedwhenyou startnestinglists. Nestedlists arerepresented
usingnestedpairsof braces,e.g.

set input {1 2 {3 4 5 {6 7} 8 } 9}
foreach x $input {

echo $x
}

Theresultof this commandwill be

1
2
3 4 5 {6 7} 8
9

PleasenotethatTcl will automaticallyquotestringsthatarenotsinglewordswhenconstructinga list.
Hereis anexample:

set i [list 1 2 3]
lappend i "4 5 6"
echo $i

will yield theoutput

1 2 3 {4 5 6}
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You canusethelindex commandto accessa singleelementof a list. lindex takestwo arguments:the
list andtheindex numberof thedesiredelement,startingwith 0:

set i [list a b c d e]
echo [lindex $i 2]

will yield theresultc.

5.3 amira Script Interface

Although the Tcl languageis not intrinsically objectoriented,the amira script interfaceis. There
is onecommandfor eachobject in the amira Pool. In addition thereareseveral global commands
associatedwith globalobjectsin amira suchasthevieweror theamira .

A commandassociatedwith anobjectin thePool(e.g.,anOrthoSlicemoduleor anIsosurfacemodule)
onlyexistswhile theobjectexists.Thesecommandsareidenticalto thenameof theobjectasdisplayed
in thePool. Typically thescript interfaceof a speci�c objectcontainsmany differentfunctions.The
generalsyntaxfor anamira object-relatedcommandis

<object-name> <command-word> <optional-arguments> ...

For example,if anobjectcalledGlobalAxisexists(chooseView/Axis from theamira menu)thenyou
canusecommandslike

GlobalAxis deselect
GlobalAxis select
GlobalAxis setIconPosition 100 100

Rememberto usethecompletionandhistoryfunctionsprovidedby theamira console,asdescribedin
Section3.1.9(consolewindow) to save typing.

If you have alreadyusedamira you have noticedthat the parametersandthe behavior of an amira
modulearecontrolledvia its ports. Theportsprovidea userinterfaceto changetheir valueswhenthe
moduleis selected.All portscanalsobecontrolledvia thecommandinterface.Thegeneralsyntaxfor
thatis

<object-name> <port-name> <port-command> <optional-arguments> ...

For examplefor theGlobalAxisyoucantype

GlobalAxis options setValue 1 1
GlobalAxis thickness setValue 1.5
GlobalAxis fire
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Whenyoutypein thesecommandsyouwill noticethatthevaluesin theuserinterfacechangeimmedi-
ately. However themodule'scomputemethodis not calleduntil explicitly �ring themoduleusingthe
fire command.This allows you to �rst setvaluesfor multiple portswithout a recomputationafter
eachcommand.However, notethatsomemodulesautomaticallyresetsomeof theirportsfor example
whenanew inputobjectis connected.In suchcasesyoumayneedto call fire aftersettingthevalue
of everysingleport.

Usuallythenameof aport is identicalto thetext labeldisplayedin thegraphicaluserinterface,except
thatwhitespacesareremovedandcommandnamesstartwith alowercaseletter. To �nd outthenames
of all portsof aspeci�c moduleusethecommand

<object-name> allPorts

Almost all portsprovide a setValue anda getValue command.Thenumberof parametersand
thesyntax,of course,dependon theports.

Commandsof the type<object-name> <port-name> setValue ... make up morethan
90% of a typical amira script. However, besidesthe port commands,many amira objectsprovide
additionalspeci�c commands.The commandinterfacefor a particularmoduleis describedin the
User's ReferenceGuide.You canquickly �nd thecorrespondingpageby clicking the? buttonin the
PropertiesAreawhenthemodulehasbeenselected.

As aquickhelp,enteringanobject'snamewithout furtheroptionswill displayall commandsavailable
for thatobject.Notethatthis will alsoshow undocumented,unreleased,andexperimentalcommands.
In orderto getmoreinformationabouta particularmoduleor port command,you cantypeit into the
consolewindow withoutany argumentsandthenpresstheF1key. Thisopensthehelpbrowserwith a
commanddescription.

amira objectsarepart of a classhierarchy. Similar to the C++ programminginterface,alsoscript
commandsareinheritedby derivedclassesfrom its baseclasses.This meansthata particularobject
like theaxisobjectwill besideits own speci�c commandsalsoprovideall thecommandsavailablein
its baseclasses.Links to thebaseclasscommandsaregivenin amodule'sdocumentation.

5.3.1 Prede�ned Variables

Thereexist somevariablesin amira Tcl, whichareprede�nedandhaveaspecialmeaning.Theseare

� AMIRA ROOT:amira installationdirectory.
� AMIRA LOCAL: Personalamira developmentdirectory(Developer Pack only).
� SCRIPTFILE: Tcl script�le currentlyexecuted.
� SCRIPTDIR: Directoryin whichcurrentlyexecutedscriptresides.
� hideNewModules: If setto 1, iconsof newly createdmoduleswill initially behidden.
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5.3.2 Object commands

Thebasiccommandinterfaceof amira modulesanddataobjectsis describedin thedatatypechapter
of thereferencepartof theuser'sguidein theObjectsection.Thebasicsyntaxof objectcommandsis

<object> <command> <arguments> ...

where<object> refersto the nameof the object and <command> denotesthe commandto be
executed.Eachmoduleordataobjectmayde�ne its own setof commandsin additionto thecommands
de�nedby its baseclasses.Thecommandsdescribedin theObjectsectionareprovidedby all modules
anddataobjects.

In thefollowing sectionGlobalcommandsaredescribed.

5.3.3 Global commands

This sectionlists amira-speci�c globalTcl commands.Someof thesecommandsareassociatedwith
certainglobalobjectsin amira, suchastheconsolewindow, themainwindow, or theviewerwindow.
Othercommandsaresuchasload or echo arenot. Thesecommandsaredescribedin onecommon
subsection.In summary, thefollowing commandsectionsareprovided:

� viewercommandoptions(viewer )
� mainwindow commandoptions(theMain )
� consolecommandoptions(theMsg )
� commoncommandsfor top-level windows
� progressbarcommandoptions(workArea )
� applicationcommandoptions(app )
� otherglobalcommands

5.3.3.1 Viewer commandoptions

Commandsto a viewercanbeenteredin theconsolewindow. Thesyntaxis

viewer [<number>] command,

where<number> speci�es the viewer beingaddressed.The value0 refersto the main viewer and
maybeomittedfor convenience.

Commands

viewer [<number>] snapshot [-offscreen [<width> <height>]]
<filename>
This commandtakes a snapshotof the current sceneand saves it under the speci�c �lename.
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The imageformat will be automaticallydeterminedby the extensionof the �le name. The list
of available formats includes: TIFF (.tif,.tiff ), SGI-RGB (.rgb,.sgi,.bw ), JPEG
(.jpg,.jpeg ), PNM (.pgm,.ppm ), BMP (.bmp ), PNG(.png ), andEncapsulatedPostScript
(.eps ). If the viewer numberis not given, the snapshotis taken from all viewers, if you have
selectedthe2 or 4 viewer layoutfrom theView menu.

If the -offscreen option is speci�ed, offscreenrenderingwith a maximumsizeof 2048x2048
is used.In this casetheviewer numberis requiredevenif viewer 0 is addressed.If thewidth and
heightis not speci�edexplicitly, thesizeof theimageis thecurrentsizeof theviewer.

Caution: If you have morethanonetransparentobjectvisible in theviewer andyou want to use
offscreenrenderingsetthetransparency modeto BlendDelayedandcheckto seeif all objectsare
renderedproperlyprior to takinga snapshot.

viewer [<number>] setPosition <x> <y>
Setsthepositionof theviewer window relative to theupperleft cornerof thescreen.If morethan
oneviewer is shown in thesamewindow thepositionof thetoplevel window is set.

viewer [<number>] getPosition
Returnsthepositionof theviewer window. If morethanoneviewer is shown in thesamewindow
thepositionof thetoplevel window is returned.

viewer [<number>] setSize <width> <height>
Setsthesizeof theviewer window. Width andheightspeci�y thesizeof theactualgraphicsarea.
Thewindow sizemightbealittle bit largerbecauseof theviewerdecorationandthewindow frame.

viewer [<number>] getSize
Returnsthesizeof theviewerwindow withoutdecorationandwindow frame.

viewer [<number>] setCamera <camera-string>
Restoresall camerasettings.Thecamerastringshouldbetheoutputof agetCamera command.

viewer [<number>] getCamera
This commandreturnsthecurrentcamerasettings,i.e., position,orientation,focal distance,type,
andheightangle(for perspective cameras)or height (for orthographiccameras).The valuesare
returnedasamira commands,which canbeexecutedin orderto restorethecamerasettings.The
completecommandstringmayalsobepassedto setCamera at once.

viewer [<number>] setCameraPosition <x> <y> <z>
De�nes thepositionof thecamerain world coordinates.

viewer [<number>] setCameraPosition <x> <y> <z>
Returnsthepositionof thecamerain world coordinates.

viewer [<number>] setCameraOrientation <x> <y> <z> <a>
De�nes theorientationof thecamera.By default, thecameralooksin negativez-directionwith the
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y-axispointingupwards.Any otherorientationmaybespeci�edasarotationrelativeto thedefault
direction.Therotationis speci�edby arotationaxisx y zfollowedby arotationanglea (in radians).

viewer [<number>] getCameraOrientation
Returns the current orientation of the camera in the same format used by
setCameraOrientation .

viewer [<number>] setCameraFocalDistance <value>
De�nes thecamera's focaldistance.Thefocaldistanceis usedto computethecenteraroundwhich
thesceneis rotatedin interactiveviewing mode.

viewer [<number>] getCameraFocalDistance
Returnsthecurrentfocaldistanceof thecamera.

viewer [<number>] setCameraHeightAngle <degrees>
Setstheheightangleof a perspectivecamerain degrees.Thesmallertheanglethebiggerthe�eld
of view. Thecommandhasnoeffect if thecurrentcamerais anorthographicone.

viewer [<number>] getCameraHeightAngle
Returnstheheightangleof a perspectivecamera.

viewer [<number>] setCameraHeight <height>
Setstheheightof theview volumeof an orthographiccamera.Thecommandhasno effect if the
camerais anperspectiveone.

viewer [<number>] getCameraHeight
Returnstheheightof anorthographiccamera.

viewer [<number>] setCameraType <perspective|orthographic>
Setsthecameratype.

viewer [<number>] getCameraType
Returnsthecameratype.

viewer [<number>] setTransparencyType <type>
This commandde�nes thestrategy usedfor renderingtransparentobjects.Theargumenttypemay
be a numberbetween0 and6, correspondingto the entriesScreenDoor, Add, Add Delay, Add
Sorted, Blend, BlendDelay, andBlendSortedasdescribedfor theView menu.

Most accurateresultsareobtainedusingmode6, which is thedefault. However, someobjectsmay
not be recognizedcorrectly as being transparent.In this caseyou may switch themoff and on
againin orderto force themto berenderedlast. Also, if linesareto berenderedon a transparent
backgroundproblemsmay occur. In this case,you may usetransparency mode4 andensurethe
correctrenderingordermanually.

viewer [<number>] getTransparencyType
Thiscommandreturnsthecurrenttransparency typeasanumberin therange0...6.Themeaningof
this numberis thesameasin setTransparencyType .
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viewer [<number>] setBackgroundColor <r> <g> <b>
This commandsetsthe color of the backgroundto a speci�c value. The color may be speci�ed
eitherasatriple of integerRGBvaluesin therange0...255,asatriple of rationalRGBvaluesin the
range0.0...1.0,or simply asplain text, e.g.,white, wherethelist of allowedcolor namesis de�ned
in /usr/lib/X11/rgb.txt .

viewer [<number>] getBackgroundColor
Returnstheprimarybackgroundcolor asanRGBtriple with valuesbetween0 and1.

viewer [<number>] setBackgroundColor2 <r> <g> <b>
Setsthesecondarybackgroundcolor which is usedby non-uniformbackgroundmodes.

viewer [<number>] getBackgroundColor2
Returnsthesecondarybackgroundcolor asanRGBtriple with valuesbetween0 and1.

viewer setBackgroundMode <mode>
Allowsyou to specifydifferentbackgroundpatterns.If modeis setto 0 a uniformbackgroundwill
bedisplayed.Mode1 denotesa gradientbackground.Mode2 causesa checkerboardpatternto be
displayed.This might help to understandtheshapeof transparentobjects.Finally, mode3 draws
animagepreviouslyde�ned with setBackgroundImage on thebackground.

viewer getBackgroundMode
Returnsthecurrentbackgroundmode.

viewer setBackgroundImage <imagefile> [<imagefile2>] [-stereo]
This commandallows you to placean arbitraryrasterimageinto thecenterof theviewer's back-
ground.Theimagemustnot belargerthantheviewer window itself. Otherwiseit will beclipped.
The formatof the image�le will bedetectedautomaticallyby looking at the �le nameextension.
All formatsmentionfor thesnapshot commandaresupportedexceptof EncapsulatedPostScript.
If asecondimage�le is speci�ed,this �le will beusedastheright eyeimagein caseof activestereo
rendering.If theoptions-stereo is speci�edandonly oneimage�le is given,it it assumedthat
this �le containsa left eye view anda right eye view compositedsideby side. Theseviews then
will beseparatedautomatically.

viewer getBackgroundImage
This command returns the �le name of the last background image �le de�ned with
setBackgroundImage . If a pair of stereoimageswasspeci�ed,two �le namesarereturned.If
theoption-stereo wasusedin setBackgroundImage , this optionwill bereturnedtoo.

viewer [<number>] setAutoRedraw <state>
If stateis 0, theautoredraw modeis switchedoff. In this casethe imagedisplayedin theviewer
window will not beupdated,unlessa redraw commandis sent.If stateis 1, theautoredraw mode
is switchedonagain.In ascriptit might beusefulto disabletheautoredraw modetemporarily.

viewer [<number>] isAutoRedraw
Returnstrueis autoredraw modeis on.
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viewer [<number>] redraw
This commandforcesthecurrentsceneto beredrawn. An explicit redraw is only necessaryif the
autoredraw modehasbeendisabled.

viewer [<number>] rotate <degrees> [x|y|z|m|u|v]
Rotatesthecameraaroundanaxis. Theaxis to betaken is speci�ed by thesecondargument.The
following choicesareavailable:

� x: thex-axis(1,0,0)
� y: they-axis(0,1,0
� z: thez-axis(0,0,1)
� m: themostverticalaxisof x, y, or z
� u: theviewer'supdirection
� v: theview direction

amiraservice

Thelastoptiondoesthesameastherotatebuttonof theuserinterface.In mostcasesthem option
is mostadequate.For backward-compatibilitythedefualtis u.

viewer [<number>] setDecoration <state>
The decorationis an extendedwindow framethat servesasa user-interface. It containsbuttons
andthumbwheelsfor adjustingtheview or switchingbetweeninteractionandviewing mode.The
decoration commandcanbeusedto show or hidethedecorationarea.Hiding thedecorationis
usefulwhenmultiple viewersareopenandthesizeof asingleviewing window is rathersmall.

viewer [<number>] saveScene <filename>
Savesall of the geometrydisplayedin a viewer in OpenInventor3D graphicsformat. Warning:
Sincemany amira modulesusecustomOpenInventornodes,thesceneusuallycannotbedisplayed
correctlyin externalprogramslike ivview.

viewer [<number>] viewAll
Resetsthecamerasothatthewholescenebecomesvisible. Thismethodis calledautomaticallyfor
the�rst objectbeingdisplayedin a viewer.

viewer [<number>] show
This commandopensthespeci�edviewer andensuresthat theviewer window is displayedon top
of all otherwindowson thescreen.

viewer [<number>] hide
Thiscommandclosesthespeci�edviewer.

viewer [<number>] fogRange <min> <max>
Setsa rangeof attenuationfor thefog affect thatcanbeintroducedinto aviewersceneby theView
menu. Thedefault rangeis [0; 1]. Valueswithin this rangecorrespondto distancesof scenepoints
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from the camera,suchthat pointsnearestto the camerahave valuezeroandthosefarthestaway
havevalueone.Restrictingtherangeof attenuationmeansthatattenuationwill startatpointswhere
thespeci�ed minimumis attainedandreachits maximumat pointswherethespeci�ed maximum
is attained. Maximum attenuationby fog is equivalentto invisibility, thusall pointsbeyond that
maximumwill appearasbackground.

viewer [<number>] setVideoFormat pal|ntsc
Setsthe sizeof theviewer window accordingto PAL 601 or NTSC 601 resolution,i.e., 720x576
pixelsor 720x486pixels.Thecurrentsettingof thedecorationis takeninto account.

viewer [<number>] setVideoFrame <state>
If stateis 1, a frameis displayedin the overlayplaneof the viewer. This framedepictsthe area
whereimagesrecordedto videoaresafelyshown on videoplayers.Settingstateto 0 switchesthe
frameoff. Note: Objectsdisplayedin theoverlayplanesarenot savedto �le with thesnapshot
command(seeabove).

5.3.3.2 Main window commandoptions

The commandtheMain allows you to accessand control the amira main window. Besidesthe
speci�c commandoptions listed below also all sub-commandslisted in Section5.3.3.4(Common
commandsfor top-level windows)canbeused.

Commands

theMain snapshot �lename
Createsandsavesasnapshotimageof themainwindow. Theformatof theimage�le is determined
from the�le nameextension.Any standardimage�le formatsupportedby amira canbeused,e.g.,
.jpg , .tif , .png , or .bmp .

theMain setViewerTogglesOnIcons f 0|1 g
Enablesor disablesthedisplayof theorangeviewer togglesonobjecticonsin theamira Pool.

theMain ignoreShow [0|1]
Enablesor disablesthespecialpurposeno show�a g. If this �ag is set,subsequentmainWindow
show commandsare ignored. This can be useful to run standardamira scriptsin a VR Pack
environment.Calling thecommandwithout anargumentjust returnsthecurrentvalueof the�ag.

5.3.3.3 Consolecommandoptions

The commandtheMsg allows you to accessand control the amira consolewindow. Besidesthe
speci�c commandoptions listed below also all sub-commandslisted in Section5.3.3.4(Common
commandsfor top-level windows)canbeused.
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Commands

theMsg error <message> [<btn0-text>] [<btn1-text>]
[<btn2-text>]
Popsup anerrordialogwith thespeci�edmessage.Thedialogcanbecon�guredwith up to three
differentbuttons.Thecommandblocksuntil theuserpressesabutton.Theid of thepressedbutton
is returned.

theMsg warning <message> [<btn0-text>] [<btn1-text>]
[<btn2-text>]
Popsupawarningdialogwith thespeci�edmessage.Thedialogcanbecon�guredwith upto three
differentbuttons.Thecommandblocksuntil theuserpressesabutton.Theid of thepressedbutton
is returned.

theMsg question <message> [<btn0-text>] [<btn1-text>]
[<btn2-text>]
Popsup a questiondialog with the speci�ed message.The dialog canbe con�gured with up to
threedifferentbuttons.Thecommandblocksuntil theuserpressesa button. Theid of thepressed
buttonis returned.

theMsg overwrite <filename>
Popsup a dialogaskingtheuserif it is ok to overwritethespeci�ed �le. If theuserclicks Ok, 1 is
returned,otherwise0.

5.3.3.4 Commoncommandsfor top-level windows

Thesecommandsare available for all amira objectswhich opena separatetop-level window. In
particular, theseare the amira main window (theMain ), the consolewindow (theMsg ), and the
viewerwindow (viewer 0). For example,youcansetor getthepositionof thesewindowsusingthe
correspondingglobalcommandfollowedby setPosition or getPosition .

Commands

getFrameGeometry
Returnsthepositionandsizeof thewindow includingthewindow frame.In total four numbersare
returned.The�rst two numbersindicatethepositionof theupperleft cornerof thewindow frame
relative to theupperleft cornerof thedesktop.The last two numbersindicatethewindow sizein
pixels.

getGeometry
Returnsthepositionandsizeof thewindow without thewindow frame. In total four numbersare
returned.The�rst two numbersindicatethepositionof theupperleft cornerof thewindow relative
to theupperleft cornerof thedesktop.Thelasttwo numbersindicatethewindow sizein pixels.
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getPosition
Returnsthepositionof theupperleft cornerof thewindow includingthewindow frame.This is the
sameasthe�rst two numbersreturnedby getFrameGeometry .

getRelativeGeometry
Returnsthe positionandsizeof the window including the window framein relative coordinates.
The sizeof the desktopis (1,1). The positionandsizeof the window is speci�ed by fractional
numbersbetween0 and1.

getSize
Returnsthesizeof thewindow without thewindow frame.This is thesameasthelasttwo numbers
returnedby getGeoemtry .

hide
Hidesthewindow.

setCaption <text>
Setsthewindow title displayedin thewindow frame.

setFrameGeometry <x y width height>
Setsthe positionandsizeof the window including the window frame. Four numbersneedto be
speci�ed,thex- andy-positions,thewindow width andthewindow height.

setGeometry <x y width height>
Setsthe position and size of the window without the window frame. Four numbersneedto be
speci�ed,thex- andy-positions,thewindow width andthewindow height.

setPosition <x y>
Setsthepositionof theupperleft cornerof thewindow frame.

setRelativeGeometry <x y width height>
Setsthepositionandsizeof thewindow includingthewindow framein relative coordinates.The
sizeof thedesktopis (1,1). Thepositionandsizeof thewindow is speci�edby fractionalnumbers
between0 and1.

setSize <width height>
Setsthesizeof thewindow without thewindow frame.

show
Makesthewindow visible in normalstate.Also raisesthewindow.

showMinimized
Makesthewindow visible in iconi�ed state.

showMaximized
Makesthewindow visible in maximizedstate.
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5.3.3.5 Progressbar commandoptions

ThecommandworkArea allowsyouto accesstheprogressbarlocatedin thelowerpartof theamira
mainwindow. Youcanprint messagesor checkif thestopbuttonwaspressed.

Commands

workArea setProgressInfo <text>
Setsan info text to be displayedin the progressbar. The text canbe usedto describethe status
duringsomecomputation.

workArea setProgressValue <value>
Setsthevalueof theprogressbar. Theargumentmustbea �oating point numberbetween0 and1.
For example,a valueof 0.8 indicatesthat80%of thecurrenttaskhasbeendone.

workArea startWorking [<message>]
Activatesthe stopbutton. After calling this commandthe amira stopbutton becomesactive. In
your scriptyou cancheckif thestopbuttonwashit by calling workArea wasInterrupted .
Whenthestopbuttonis activeyoucan't interactwith any otherwidgetunlessyoucall workArea
stopWorking in yourscript.Thereforeyou mustnot enterthis commanddirectly in theconsole
window, but youshouldonly useit in a script�le or in a Tcl procedure.

workArea stopWorking
Deactivatesthe stopbutton. Call this commandwhenthe computetaskstartedwith workArea
startWorking is doneor if the userpressedthe stopbutton. This commandalsorestoresthe
progressinfo text whichwasshown beforecallingstartWorking .

workArea wasInterrupted
Checksif theuserpressedthestopbutton.Youshouldonly usethiscommandbetweenworkArea
startWorking andworkArea stopWorking . If therearemultiple nestedcomputetasks
andthe userpressesthe stopbutton,all subsequentcalls to wasInterrupted returntrue until
the�rst level is reached.

5.3.3.6 Application commandoptions

Theapp commandprovidesseveraloptionsnot relatedto a particularobjector componentin amira,
but relatedto amira itself.

Commands

app version
Returnsthecurrentamira version.

app uname
Returnssimpli�ed nameof operatingsystem.
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app arch
Returnsamira architecturestring,e.g.,arch-Win32-Optimize,arch-IRIX64-Optimize.

app hostid
Returnshostid neededto createanamira licensekey.

app listen [port]
Opensa socket to which Tcl commandscanbesent.TheTCP/IPport canbespeci�edoptionally.
WARNING: Thiscancreatesecurityholes.Do notusethisunlessbehinda�re wall andif youknow
whatyouaredoing.

app close
Closestheamira Tcl port.

app port
Returnsportnumberof amira Tcl port. Returns-1 if sockethasnotbeenopened.

app send <command> [<host> [<port>]]
Sendsa Tcl commandto a listeningamira. If nohostor port arespeci�ed,theamira instancewill
sendthecommandto itself.

app opengl
RetrieveinformationabouttheusedOpenGLdriver includingversionnumberandsupportedexten-
sions.This is usefulinformationto sendto thehotlineif reportingrenderingproblems.

app cluster
Returnsthecurrentnodestatuswhich canbe”master”or ”slave” if someclustermodeis active or
simply ”single” if is not thecase.

5.3.3.7 Other global commands

Commands

addTimeout msec procedure [ arg]
Schedulesa Tcl procedurefor being called after msecmilliseconds. If arg is speci�ed, it will
be passedto the procedure.The speci�ed procedurewill be calledonly once. If necessary, you
canscheduleit againin the time-outprocedure.Example: addTimeout 10000 echo f 10
seconds are over. g

all [-selected | -visible | -hidden] [ type]
Returnsa list of all amira objectscurrentlyin thePool. If typeis speci�ed,only objectswith that
C++classtype(or derivedobjects)arereturned.Searchcanbelimited to selected,visible,or hidden
objects,respectively. Example:all -hidden HxColormap .

aminfo [-a out�le|-b out�le] AmiraMesh-File
If usedwith only a �le nameas argument,this commandwill openthe �le which hasto be in
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AmiraMeshformat andprint headerinformation. If usedwith the -a or -b option, the output�le
speci�edasargumentout�le will bewritten in ASCII (-a)or binary(-b) format,respectively. Thus,
aminfocanbeusedto convertbinaryAmiraMeshinto ASCII andviceversa.

clear
Clearsconsolewindow.

create classname [ instancename]
Createsan instanceof an amira object like a moduleor dataobject. Returnsthe instancename.
Notethatdataobjectsarenormallynot createdthis way but by loadingthemfrom a �le. Example:
create HxOrthoSlice MySlice .

dso options
Controlsloadingof dynamiclibraries.Thefollowing optionsareprovided:

� addPath path ... Addsa pathto the list of directoriesto besearchedwhenloadinga
dynamiclibrary.

� verbose f 0|1 g Switcheson andoff debug informationrelatedto dynamicsharedobject
loading.

� open <package> Trys to load thespeci�ed dynamiclibrary. It is enoughto specifythe
packagename,e.g.,hxfield . This namewill beautomaticallyconvertedinto theplatform
dependentname,e.g.,libhxfield.so onLinux or hxfield.dll onWindows.

echo args
Printsits argumentsto theamira console.UsethisratherthanthenativeTcl commandputs which
printsto stdout.

help arguments
Without argumentsthisopenstheamira helpbrowser.

httpd [port]
Starta built-in httpd server. The http server will deliver any documentrequested.If a requested
documentendswith .hx , amira will insteadof delivering it executethe �le asa Tcl script. This
canbeusedto controlamira from a webbrowser. WARNING: This commandcancreatesecurity
holes.Do notusethis unlessbehinda �re wall andif you know whatyouaredoing.

limit f datasize | stacksize | coredumpsize g size
Changeprocesslimits. AvailableonUnix platformsonly. Use“unlimited” assizefor no limit. The
sizehasto bespeci�edin bytes.Alternatively youcanusefor example1000kfor 1000kilobytesor
1mfor onemegabyte.

load [fileformat] �les
Load datafrom oneor more �les. Optionally a �le format canbe speci�ed to overrideamira's
automatic�le formatrecognition.The�le formatis speci�edby thesamelabelwhich is displayed
in the�le formatcombobox in theamira �le dialog.
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mem
Printsout somememorystatistics(availableonWindowsandIrix).

quit
Immediatelyquitsamira.

remove f objectname—-all — -All — -selectedg

� objectname removesthespeci�edamira object.
� -all removeall visibleobjects.
� -All removeall objects.
� -selected removeselectedobjects.

removeTimeout procedure [ arg]
Unschedulesa Tcl procedurepreviouslyscheduledwith addTimeout.

rename objectnamenewname
Changesinstancenameof anobject.Identicalto objectnamesetLabel newname, exceptthatit
returns1 if successful,andnothingif unsuccessful.

sleep sec
Wait for secseconds.amira will notprocesseventsin thattime.

source �lename
LoadsandexecutesTcl commandsfrom thespeci�ed �le. If thescript �le containstheextension
.hx theload commandmaybeusedaswell.

system command
Executeanexternalprogram.Do notusethis unlessyouknow whatyouaredoing.

5.4 amira Script File

It is worthnoticingthatanamira network is simplyaTcl scriptthatwill regeneratethecurrentamira
state.Thereforeit is oftenef�cient to interactively createanamira network, save it with “Save Net-
work”, andusethisasa startingpoint for scripting.

Thesimplestway to executeTcl commandsin amira is to typetheminto theamira consolewindow.
This, however, is not practical for multi-line constructs,like loops or procedures.In this case,it
is recommendedto write the Tcl codeinto a �le andexecutethe �le with the commandsource
�lename. Youcanalsousethesource commandinsidea �le in orderto includethecontentsof a �le
into another�le.
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Alternatively onecanalsousethe commandload �lename or the Load menuentry from the File
menuandthe �le browser. Then,however, in orderto let amira recognizethe �le format,eitherthe
�le namemustendwith .hx , or the�le contentsmuststartwith theheaderline

# Amira-Script-File

Thereare someTcl �les that are loadedautomaticallywhen amira starts. At startup,the pro-
gramlooks for a �le called .Amira in the currentdirectoryor in the homedirectory(seeSection
4.4 (Start-upscript) for details). If no suchuser-de�ned start-upscript is found, the default initial-
ization scriptAmira.init is loadedfrom thedirectoryAMIRA LOCAL/share/resources or
AMIRA ROOT/share/resources . This script thenreadsin all �les endingwith .rc from the
share/resources subdirectory. The .rc �les are neededto register modulesand datatypes.
Thereforeonecancustomizethestartupbehavior of amira by simply addinga new .rc �le to that
directoryor by modifying theAmira.init �le.

Anotherway of executingTcl codeis to de�ne proceduresthatareassociatedwith functionkeys. If
prede�nedprocedureswith the namesonKeyF2, onKeyF3, ..., onKeyShiftF2, ...,
onKeyCtrlF2, ..., onKeyCtrlShiftF2, ... exist, theseprocedureswill be automati-
cally calledwhentherespectivekey is pressedin theamira mainwindow, consolewindow, or viewer
window. Note that F1 is reserved for help. To de�ne theseprocedures,write them into a �le and
source it or write theminto Amira.init or in oneof the.rc �les. An exampleis

proc onKeyF2 { } {
echo "Key F2 was hit"
viewer 0 viewAll

}

Finally, Tcl scriptscanalsoberepresentedin theGUI andbecombinedwith auserinterface.In amira
this is calleda scriptobject. Thereis separatedocumentationfor that.

5.5 Con®guring Popup Menus

In amira all of themodulesthatcanbeattachedto a dataobjectarelistedin theobject'spopupmenu
whichis activatedby clickingontheobject'siconwith theright mousebutton.For someapplicationsit
makessenseto customizenew modulesusingTcl commandsafterthey havebeencreated.Sometimes
it alsomakessenseto addnew entriesto an object's popupmenu,causinga particularscript to be
executed.This sectionsdescribeshow to achieve thesegoalsby modifying amira resource�les or
creatingnew ones.

amira resource�les are located in the directory $AMIRA ROOT/share/resources , where
$AMIRA ROOTdenotesthe directorywhereamira hasbeeninstalled. Resource�les are just ordi-
nary script �les, althoughthey areidenti�ed by the suf�x .rc . Whenamira is startedall resource

142 Chapter5: Scripting



�les in theresourcesdirectoryareread.In a resource�le, modules,editors,andIO routinesareregis-
teredusingspecialTcl commands.Registeringamodulemeansto specifyits nameasit shouldappear
in thepopupmenu,thetypeof objectsit canbeattachedto, thenameof thesharedlibrary or DLL the
moduleis de�ned in, andso on. For example,theLabelVoxelmoduleis registeredby the following
commandin the�le hxlattice.rc :

module -name "LabelVoxel" \
-primary "HxUniformScalarField3 HxStackedScalarField3" \
-check { ![$PRIMARY hasInterface HxLabelLattice3] } \
-category "Labelling Compute" \
-class "HxLabelVoxel" \
-package "hxlattice"

Thedifferentoptionsof this commandhavethefollowing meaning:

� Theoption-name speci�esthenameor labelof themoduleasit will beprintedin thepopup
menu.

� The option -primary says that this module can be attachedto data objects of type
HxUniformScalarField3 or HxStackedScalarField3 . ThismeansthatLabelVoxel
will beincludedin thepopupmenuof suchobjectsonly.

� With -check anadditionalTcl expressionis speci�edwhichisevaluatedatrun-timejustbefore
themenuis poppedup. If theexpressionfails, the moduleis removedfrom themenu. In the
caseof theLabelVoxelmodule,it is checkedif theinputobjectprovidesaHxLabelLattice3
interface,i.e., if the input itself is a label �eld. Althougha label �eld canberegardedasa 3D
image,it makesno senseto performa thresholdsegmentationon it. ThereforeLabelVoxel is
only providedfor raw 3D images,but not for label�elds.

� The option -category saysthat LabelVoxel shouldappearin the Computeand Labelling
submenusof the main popupmenu. If a moduleshouldappearnot in a submenubut in the
popupmenuitself, thecategoryMain mustbeused.

� Theoption-class speci�estheinternalclassnameof themodule.Theinternalclassnameof
anobjectcanberetrievedusingthecommandgetTypeId . It is this classnamewhich hasto
beusedfor the-primary optiondescribedabove,not theobject's labelde�ned by -name .

� Finally, theoption-package speci�esin which package(sharedlibrary or DLL) themodule
is de�ned in.

Besidesthesestandardoptions,additionalTcl commandsto be executedafter the modulehasbeen
createdcanbe speci�ed usingtheadditionaloption -proc . For example,imagineyou areworking
in a medicalprojectwhereyou have to identify stereotacticmarkersin CT imagesof thehead.Then
it might be a goodideato adda customizedversionof the LabelVoxel moduleto the popupmenu,
which alreadyde�nes appropriatematerialnamesandthresholds.This couldbe doneby addingthe
following commandeitherin anew resource�le in $AMIRA ROOT/share/resources or directly
in hxlattice.rc :
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module -name "Stereotaxy" \
-primary "HxUniformScalarField3 HxStackedScalarField3" \
-check { ![$PRIMARY hasInterface HxLabelLattice3] } \
-category "Labelling" \
-class "HxLabelVoxel" \
-package "hxlattice" \
-proc { $this regions setValue "Exterior Bone Markers";

$this fire;
$this boundary01 setValue 150;
$this boundary12 setvalue 300 }

The variable$this usedin the Tcl codeabove refersto the newly createdmodule,i.e., to the La-
belVoxelmodule.Notethat thecommandsareexecutedbefore themoduleis connectedto thesource
object for which the popupmenuwasinvoked. Somemodulesdo somespecialinitialization when
they areconnectedto a new input object. Theseinitializationsmay overwrite valuessetusingTcl
commandsde�ned by a custom-proc option. In sucha caseyou canexplicitly connectthemodule
to theinput objectvia thecommandsequence

$this data connect $PRIMARY;
$this fire;

Here the Tcl variable$PRIMARYrefersto the input object. The samevariableis alsousedin Tcl
expressionsde�ned by a -check option,asdescribedabove.

Besidescreatingcustompopupmenuentriesbasedon existing modules,it is alsopossibleto de�ne
completelynew entrieswhichdonothingbut executeTcl commands.For example,wecouldaddanew
submenuEdit to thepopupmenuof every amira objectandput in theHide, Remove, andDuplicate
commandsherewhich arenormallycontainedin theEdit menuof theamira mainwindow. This can
beachievedin thefollowing way:

module -name "Remove" \
-primary "HxObject" \
-proc { remove $source } \
-category "Edit"

module -name "Hide" \
-primary "HxObject" \
-proc { $source hideIcon } \
-category "Edit"

module -name "Duplicate" \
-primary "HxData" \
-proc { $source duplicate } \
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-category "Edit"

Of course,it is alsopossibleto executeanordinaryamira scriptor evenanamira scriptobjectwith a
-proc command.

5.6 Registeringpick callbacks

A pick callbackis a Tcl procedureattachedto a moduleor a viewer. Whena pick eventoccurson
this target, the callbackis invoked. Sucha callbackcan be registeredby using the Tcl command
setPickCallback onmodulesandviewers:

<module> setPickCallback <proc> [ <EventType> ]
viewer <n> setPickCallback <proc> [ <EventType> ]

Only onecallbackcanbeattachedto a givenmoduleor viewer. In orderto detachthecallback,just
call theregistercommandwith noparameter:

<module> setPickCallback
viewer <n> setPickCallback

Theoptionalargument<EventType> refersto thekind of eventthatwill invokethecallback.Other
eventswill beignored.This argumentcantake thefollowing values:

� MouseButtonPress , MouseButtonRelease (any mousebutton),
� VRButtonPress , VRButtonRelease (any 3D button),
� MouseButton1Press , MouseButton1Release , etc. (aspeci�c mousebutton),
� VRButton0Press , VRButton0Release , etc. (aspeci�c 3D button).

Thedefault valueis MouseButton1Press .

The actualcallbackprocedure<proc> is expectedto take oneargument,which is to be interpreted
asan associative arrayandwhich encodesall the picking information. The following elementsare
de�ned in theargumentarray:

� object, thenameof amira objectthepickedgeometrybelongsto,
� x, thex coordinateof pickedpoint,
� y, they coordinateof pickedpoint,
� z, thez coordinateof pickedpoint,
� idx, theindex of pickedelement,
� stateBefore, themodi�er statejust beforeeventoccurs,
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� stateAfter, themodi�er statejust aftereventoccurs.

The procedureshouldreturn 0 if the picking event was not handled,in which caseother callback
procedurescouldbeinvoked.Hereis anexample:

proc pickCallback arg {
array set a $arg
echo "$a(object) : picked element $a(idx)"
return 1

}

Note thatany moduleis free to addspeci�c informationto this argumentarray. All elementscanbe
displayedwith:

proc pickCallback arg {
echo "arg = { $arg }"
return 1

}

Thus,someamira modulesappendadditionaldata:

� VertexView: idx is thepickedpoint index.
� ClusterView: idx is thepickedpoint index.
� LineSetView: idx is thepickedline index, pt0andpt1 thetwo pointsof thepickedsegment.
� SurfaceView: idx is thepickedtriangleindex.
� GridVolume:idx is thepickedtriangleindex, tetra0andtetra1 theadjacenttetrahedra.
� GridBoundary: idx is the picked triangle index, originalIdx the index in the grid, tetra0 and

tetra1 theadjacenttetrahedra.
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Part II

Molecular Pack User'sGuide





Chapter 6

Molecular Pack Intr oduction

Molecular Pack is anamira extensionproviding supportfor thevisualizationaswell astheanalysis
of moleculesanddynamicmoleculardata.

TheMolecular Pack documentationis organizedinto thefollowing sections:

� Gettingstartedwith molecularvisualization
� Structureandinterdependenceof themoleculardatastructures
� Essentialsfor displayinga molecule
� Alignmentfacilitiesin Molecular Pack
� Visualizingdynamicdata
� Atom expressions

6.1 First Stepswith Molecular Visualization in amira

This chaptergives you an overview of the visualizationof moleculardatasets. amira is not just
ableto displaya 3D imageof themoleculebut alsoprovidestools to investigateits distinctpartsand
properties.After readingthe”gettingstarted”introductionyoumaycontinuewith any of thefollowing
tutorials.

� GettingStarted- �rst steps
� Selection,Labeling,andMasking- exploringa molecule
� Alignmentof Molecules- visualizingdynamicaldata
� Molecularsurfaces- wrappingamolecule
� SequentialandStructuralAlignment- comparingmolecules
� MoleculeEditor - interactivemanipulationof themolecule



� MolecularInterface- computingintersectionsurfaces
� Measurement- measuringdistancesandangleswithin a molecule

Note: If youwantto visualizeyourown data,pleasereferto thesectionaboutdataimport in theamira
User'sGuide.Thatsectioncontainssomegeneralhintsonhow to importdatasetsinto amira.

6.1.1 Getting Started with Molecular Visualization

In this sectionyouwill learnhow to

1. loada moleculardemodatasetinto amira,
2. view themoleculewith theMoleculeView displaymodule,
3. try out variouscolorschemes,
4. selectatomsin theviewerusingthedraw tool,
5. overwritecolorschemecolorsfor selectedatoms.

6.1.1.1 Loading Data into the System

In thefollowing introductionwe will considera simpleexampleto explain thebasicfunctionsof the
MoleculeView module.Our examplewill bea smallPDB (ProteinDataBank)structureconsistingof
932atomsin 213residues.

� Loadthe�le 2RNT.pdb into thePoolfrom thedirectorydata/molecules/pdb .

A greenicon labeled2RNT.pdb will appearin thePool. Thegreenicon representsanobjectof type
Molecule. Click on the greendataicon with the left mousebutton. In the PropertiesArea below
thePool informationaboutthemolecule,suchasthe numberof atomsetc.,will be shown. In addi-
tion, otherportsnamedTransformation, SelectionBrowser, andTransform, canbeseen;they will be
explainedin latertutorials.

6.1.1.2 Displaying the Moleculewith the MoleculeView Module

The MoleculeView moduleis the basicdisplaymodulefor visualizingmolecules. It allows you to
displayatomsasplatesor ballsandbondsaslinesor cylinders.

� Click againon thegreendataicon in thePool,this timeusingtheright mousebutton.

A menu,containingseveralentriesandsubmenus,will appear.

� SelecttheentryMoleculeView.
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A new yellow icon labeledMoleculeView appearsin the Pool. Yellow icons, in general,represent
displaymodules,i.e., modulesthat visualizeobjectsin the viewer. The blue line betweenthe icons
indicatesaconnectionbetweentheobjects.In thiscasetheMoleculeView modulereadsdatafrom the
objectrepresentedby thegreeniconandvisualizesit.

The moleculeis now displayedin the viewer asa wireframe. Using the left mousebutton you can
rotatetheobject;usingthe left andmiddlemousebuttonssimultaneouslyyou canzoomin andout.
For thesemouseoperationsto work, the viewer mustbe in viewing mode, in which casethe mouse
cursoris displayedasahand.

Whenever theMoleculeView moduleis active, the little squareon theyellow MoleculeView icon
is orange.Youcandeactivatethemoduleby clicking on thesquarewith theleft mousebutton.

We will exploresomebasicportsof theMoleculeView module.
Modeport: Chooseanothermodeto seebothatomsandbondsof themolecule,or justatoms.If atoms
areshown, usetheAtomRadiusport to adjustthesizeof theatomsasdesired.
Qualityport: If youchoosetheoptioncorrect, youcandisplayacorrect,i.e. three-dimensional,image
of the balls andsticks. Considerthe trade-off betweencorrectrepresentationandslower rendering
performance.Usethefastmodeif you wantto displaya largemolecule.If your graphicshardwareis
fastenough,youcanusethecorrectmodeevenfor largemolecules.
Complexity port: In orderto allow interactive rendering,thedefault complexity of thesceneis rather
low. In mostcasesthis will be suf�cient. However, if you want to make screenshotsor if you have
smallmolecules,you might wantto increasethecomplexity. TheComplexity port is displayedonly if
correctquality is selected.

6.1.1.3 Changing the Color Scheme

The MoleculeView moduleallows the userto color the moleculeaccordingto levels, for example,
atomlevel, residuelevel, secondarystructurelevel, chainlevel, or user-de�ned levels.Eachlevel hasa
numberof attributes,thesimplestof which is theindex attribute. Thedefault color schemeis to color
themoleculeaccordingto theatomlevel'sattributeatomicnumber, i.e., theatom's type.

� Click theLegendbuttonof the Color port to displaya small window decodingthecolorsyou
seein theviewerwindow.

� Chooseresiduesfrom the�rst pop-upmenuandtypefrom thesecondmenutocolorthemolecule
accordingto theresiduetype,heretheaminoacidtype.

Thedefault colormapcontainsa constantcolor. Thus,currentlyall residuesof themoleculehave the
samecolor.

� To changethecolormap,right-click onthecolorbarof theDiscreteCM portwhichhasappeared
below theColor port andselectany othercolormap.

� Try outdifferentcolormapsto �nd a mapthatsuitsyourpurposes.
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SomepeopleprefertheCPKcolorschemefor atomsandtheaminoacidcolorsasthey areusedin the
RasMolprogram.

� Youcansetyourpreferencesin theamiraEdit menuby selectingtheentryPreferences.
� PresstheMoleculestabandsetyourpreferences.PressingtheOK buttonsavesyourpreferences

permanently.

Currentlyonly aminoacid colorsareprede�ned. Thus,if the moleculecontainsresiduesotherthan
thestandardaminoacids,thoseresidueswill becoloredwith thedefault color (black).

6.1.1.4 Using the Draw Tool

The draw tool appearsin amira in several modules. It enablesyou to selectobjectsor partsof an
objectby drawing a line in theviewer.

� PresstheDrawbuttonof theHighlightingportanddraw aline in theviewerwindow aroundthe
groupof atomsyouwantto select.

The atomsthat were enclosedby the line will be highlighted. If the viewer is the active window,
pressingthed key is equivalentto pressingtheDraw buttonof theHighlightingport.

� To unhighlightall atoms,presstheClearbuttonof theHighlightingport.
� Also try usingthekeysCtrl andShift while drawing a line.

6.1.1.5 SettingColors for SelectedParts

TheDe�ne Colorsportallowsyou to overwritecolorsof thecolorscheme.

� Selectsomeatomsusingthedraw tool.
� PresstheSetbuttonof theDe�ne Color port.
� Changethecurrentcolorof theColorEditorandpressOK.

Thepreviously highlightedatomsshouldnow have thecolor selectedin thecolor editor. This setting
will be preservedeven if thecolor schemeis changed.Unfortunately, thenew settingwill currently
notappearin thecolor legend.

6.1.2 Selection,Labeling, and Masking

You alreadyknow how to load �les andhow to displaymoleculeswith the MoleculeView module.
This tutorial will focuson exploring thestructureof a loadedmolecule.Thetutorial consistsof three
subsections,in whichyouwill:
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1. Explorethepossibilitiesfor selectingwithin amoleculeusingtheMoleculeView module.
2. Learnhow to usetheMoleculeLabelmodule.
3. Getto know theMoleculeSelectionBrowser.

For this tutorial wewill usethemolecule1IGM.pdb .

� Loadthe�le 1IGM.pdb into thePoolfrom thedirectorydata/molecules/pdb .
� Attacha MoleculeView moduleto thegreenobjectthathasappeared,
� andchangetheModeport to balls andsticks.

6.1.2.1 Interacti veSelectionwith the MoleculeView Module

In the�rst tutorialyoulearnedhow to usethedraw tool to selectatomswithin amolecule.Thesimplest
way to selectatoms,however, is to click on theatomof interest. In orderto do so, theviewer must
be in interactionmode. If themousecursorin theviewing window is depictedasa hand,you arein
viewing mode.To changeto interactionmode,youcaneither

� click on the arrow button in the upperright cornerof the viewing window or pressthe Esc
buttonwhile theviewing window is active.

Themousecursorwill changeto anarrow.

� Now click oneof theatoms.

Theatomyouselectedshouldnow behighlightedby aredframearoundit. If youselectanotheratom,
the�rst atomwill beunhighlighted.In orderto selectmorethanoneatom

� presstheCtrl key andkeepit pressedwhile clicking additionalatoms.

Ctrl -clicking ahighlightedatoma secondtimeunhighlightsit.

� Now changetheModeportof theMoleculeView backto sticks.
� Selectresiduesfrom the�rst menuof theMoleculeView'sColor port.
� Choosea suitablecolormapfrom thelist of pre-loadedcolormapsasdescribedin the�rst tuto-

rial.

Theresiduesshouldnow becoloredaccordingto their type.

� Now selectanatom.

As result thewhole residueshouldnow be highlighted. The reasonfor this is that picking is bound
to the coloring,by default. For example,if the color schemeis atoms, a click on an atomwill only
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in�uence the selectionfor this atom; if the schemeis residues, the atom's residuewill be selected;
if it is chains, the atom's chainwill be selected,andso on. However, sincethis is very restrictive
you caneasilychangetheselectionmodeto themostcommonlevels,i.e.,atoms,residues,secondary
structures,andchains.In orderto chooseacertainlevel for theselectionyouneedto presscertainkeys
in advance.Ctrl-Alt-Shift-a choosestheatomslevel,aclick onanatomwill only in�uencethe
selectionfor thisatom.Ctrl-Alt-Shift-r , Ctrl-Alt-Shift-c andCtrl-Alt-Shift-s
chooseresidues,chains and secondarystructure level respectively. To switch back to the default
behavior, wherecoloringdeterminesselection,pressCtrl-Alt-Shift-d .

If you selectsomegroupandafterwardsselecta secondonefrom the samelevel holding down the
Shift -key all groupsbetweenthe two will alsobe selected.Holding the Ctrl -key pressedwhile
selectinggroupsallows you to selectmultiple groupsandalsoto togglea groupwhenselectingit a
secondtime.

If you do any selectionby clicking in theviewer therewill besomeoutputin theconsolewindow in-
formingyouaboutwhatyouhaveselected,theamountof outputcanbecustomizedvia thePreferences
dialog:

� Youcansetyourpreferencesin theamiraEdit menuby selectingtheentryPreferences.
� PresstheMoleculestabandtakea look on theoptionsin chapterSelectionInfo:
� Molecule namedeterminesthat thenameof themolecule,to which a selectedgroupbelongs,

will beprinted.
� Group namedeterminesthatthenameof theselectedgroupwill beprinted.
� Groupattrib utesdeterminesthatnotonly theselectedgroup'snamebut alsoall attributevalues

of thegroupwill beprintedin theconsolewindow.
� Explicit attrib utes restrictstheoutputof attributevaluesto thoseattributesthatareexplicitly

namedin thetext �eld.
� PressingtheOK buttonsavesyourpreferencespermanently.

6.1.2.2 Using the MoleculeLabelModule

Sofar you have seenthatyou canselectatomsandgroupsof atomsby clicking on themolecule.The
resultof the picking is alwaysprintedin the consolewindow. This might suf�ce in somecases.In
othercases,however, it is necessaryto label themoleculein theviewer so that you caneasilytrack
certaingroupsyouareinterestedin. If youwantto usethis tool, hereis how you do it.

� Click againon theicon1IGM.pdbwith theright mousebutton.
� SelectMoleculeLabelfrom theDisplaysubmenu.

A secondyellow icon labeledMoleculeLabelshouldhave appearedin thePool. By default,all clicks
will now be handledby the MoleculeLabelmodule. This meansthat insteadof highlighting groups
whenclicking on themthey will now getlabeled.
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� TypeCtrl-Alt-Shift-r while theviewing window is active.
� Click on themoleculein the3D viewer.

This action should cause the residue of the selected atom to get labeled. Pressing
Ctrl-Alt-Shift-a andclicking the sameatomwill result in the selectedatom being labeled.
TheCtrl- andShift- keyshave thesameeffectaswhenselectinggroups.

� Labela few residuesandatoms.
� Click on theMoleculeLabelicon to view its portsin thePropertiesArea.
� Changethecolorof theatomlabelsby pressingthecolor buttonof theColor port andselecting

a differentcolor in thecoloreditor.
� Now selectresiduesin the Levelsport. The Attributes, Level Option, Buttons, Font Size, and

Color portsnow affect theresiduelabels.
� Increasethefont size(whichonly increasesthefont sizeof thecurrentlevel, i.e., residues).
� Selectthenameentryin thesecondmenuof theAttributesport.

Theselectedresidueswill now belabeledby their typesandnames.In orderto understandtheOptions
port of theMoleculeLabelmodule

� deselectthelastoption,replaceattributes,
� andsettheentryof thesecondAttributesmenubackto disabled.
� Now selecta new residue,holdingtheCtrl- key down.

Thenew residuewill only belabeledby its type. In contrast,theold residuesarestill labeledwith type
andname.

If the �rst optionof the lastport, handleclicks, is deselected,mouseclicks will behandledjust asif
themoduleMoleculeLabeldid notexist.

� Deselectthehandleclicksoption.
� Selectany residue.

Theresidueis selected,not labeled.

6.1.2.3 MoleculeSelectionBrowser

In thissectionyouwill learnthebasicsaboutthemoleculeselectionbrowser, whichis averyimportant
featurefor theinvestigationof a molecule.Theselectionbrowseris a �e xible tool for selectingthose
partsof the moleculethat you areinterestedin. Moreover, it allows you to easilycombinedifferent
viewing modulesinto oneviewer.

� Selectthegreenicon1IGM.pdbby clicking on it.
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Figure6.1: Ontheleft, MoleculeView andBondAngleView displayingthemoleculesimultaneously. Ontheright, theSelection
browserafterconnectingtwo viewing modulesto themolecule.

� PresstheShowbuttonof theSelectionBrowserport to openthebrowser.

Thescroll view of thebrowsercurrentlycontainsthreecolumns,onewith theheadinglevel/name, the
secondwith theheadingtype, andthethird with theheadingMV which standsfor MoleculeView. In
the �rst column,all residuesof the moleculearedisplayed. The secondcolumnshows the residue
type.

� Connecta BondAngleView to 1IGM.pdb by right-clicking the icon andchoosingBondAngle-
View from theDisplaysubmenu.

You will observea new columnin theselectionbrowser, representingtheBondAngleView (BAV) (see
Figure6.1).

Changing the Appearanceof MoleculeView and BondAngleView

In orderto getan imagesimilar to Figure6.2, we �rst needto settheportsin theMoleculeView and
theBondAngleView modulescorrectly. We begin with theMoleculeView module.

� SettheModeport to balls.
� SettheQualityport to correct.
� SettheAtomRadiusport to 1.0.

For theBondAngleView continueasfollows:
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Figure 6.2: Settingtheportsin theviewing modules.

� Selecttheresiduesentryfrom the�rst menuof theColor port.
� Fromthesecondmenuof Color port,selecttheindex entry.
� Right-clickonthecolorbarof theDiscreteCM portandselectthecolormapphysics.icol, if this

colormapis pre-loaded.Otherwiseloadit from thedirectorydata/colormaps .

We now only seetheMoleculeView, sincethe trianglesof theBondAngleView arehiddenby thevan
der Waalsspheres.In orderto combinethe two viewing modulesinto oneimage,continuewith the
next section.

Highlighting and Masking with the SelectionBrowser

We now want to usethe selectionbrowser to displaypartsof the moleculewith the MoleculeView
moduleandthe restwith theBondAngleView module. In this sectionwe will only usetheselection
browser, soall menunamesetc. referto this window.

� Selectchainsasnew masterlevel from theMasterLevel menu.

You will now seethreeentriesin the�rst column:chains/L, chains/H, andchains/W. This meansthat
the level chainscontainsthreegroups,namedL, H, andW. In orderto view thegroupchains/Lwith
theMoleculeView andtheothertwo groupswith theBondAngleView,

� removethecheckmarksfor chains/Handchains/Wfrom thecolumnwith headingMV by click-
ing on them.

To deselectthegroupchains/Lfor theBondAngleView,
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Figure6.3: Displayingpartsof themoleculewith theMoleculeView moduleandtherestwith theBondAngleView module.

� click on therespectivebox in thecolumnBAV.

Now you shouldseeanimagethat is prettycloseto that in Figure6.3. However, theBondAngleView
displaysmoretrianglesthanin the �gure. TheBondAngleView in Figure6.3 only displaysbackbone
atoms.In orderto achievethis

� right-click on theheadinglabeledBAV.

A pop-upmenuasin Figure6.3shouldappear.

� SelectBackbonefrom theRestrictto submenu.

Theside-chainatomsshouldnot bevisible anymore. Next, you shouldexplore thegroupchains/La
bit further.

� Click on thelittle icon left to it.

After thisactiontheresiduescontainedin chainL will haveappeared.

� Click on thelittle icon left to theresidueL1.
� Typeatoms/L4-L33 in thetext �eld labeledExpression, below thescroll window, andpress

theReplacebutton.

AtomsL4 to L8 andresiduesL2, L3, andL4 arehighlightedin red.TheresidueL1 andthechainL are
highlightedin green.Thecolor redmeansthatthewholegroupis selected,i.e.,all its elements.Green
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Figure 6.4: Molecularbrowserdialog.

denotesthatthegroupis partiallyselected.SeeFigure6.4.

To get familiar with thebrowser, play aroundwith it. If you needfurther information,just pressthe
F1 buttonin thebrowserwindow or seethedescriptionof theSelectionBrowser.

6.1.3 Alignment of Molecules

In this sectionyouwill learnhow to

1. alignmoleculesby consideringselectedatoms,
2. computeameanmolecule,
3. computeacon®gurationaldensity,
4. comparemetastablemolecularconformations.

6.1.3.1 Comparing two Molecules

In this sectionwe will comparetwo differentthree-dimensionalstructuresof thesamemolecule.

� Loadthedata�le alkane.zmf from thedirectorydata/molecules/alkane .
� SelectMolTrajectoryfrom thepop-upmenuof thealkane.zmficon.
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� SelectMoleculefrom thepop-upmenuof theMolTrajectory icon.
� Attacha MoleculeView moduleto themolecule.
� Repeatthelasttwo steps,creatingtwo new objects,Molecule2andMoleculeView2

The alkane.zmficon representsa bundleof moleculartrajectories,in this casebutane,pentane,and
hexane.By attachingaMolTrajectoryto it, weextractasingletrajectory. By default,the�rst trajectory,
which is butane,is selected.We cannow extractsingletime stepsfrom the trajectoryby attachinga
Moleculeobjectto the trajectory. We have donethis twice sincewe want to comparetwo time steps
with eachother. Currently, both moleculesextract the sametime step. This is the reasonfor only
seeinga singlemolecule.In orderto getmoreinformationaboutthedatastructures,go to thesection
onmoleculardatastructures.

� SelecttheMoleculeView iconandchangetheModeport to balls andsticksandtheQualityport
to correct.

� Repeatthis actionfor theMoleculeView2.
� SelecttheMolecule2iconandchangethevalueof theTimeport to 2.

Youshouldnow seetwo butanemoleculesin theviewer, slightly displaced.

� Right-clickon thewhitesquareat thefar left sideof theMolecule2iconandselectAlignMaster
from thepop-upmenu.

� Connecttheblueline to theMoleculeicon.
� SelecttheMolecule2icon.
� Presstheall buttonof Molecule2'sSelectport.

Youhavenow alignedthemoleculesMoleculeandMolecule2usinga leastsquares�tting of all atoms.
Thisonly worksfor moleculeswith thesamenumberof atoms.In thefollowing wewill align thetwo
moleculesby consideringonly threecarbonatoms.

� DeactivatetheMoleculeView by clicking on theorangesquareof theMoleculeView icon.
� Ctrl -click on threeconsecutivecarbonatoms.

Theframeof a redcubeshouldappeararoundeachof them.

� ActivatetheMoleculeView by clicking on thegraysquareon theMoleculeView icon.
� SelecttheMolecule2iconandpressthein slavebuttonof theSelectport.

The threeselectedatomsshouldnow �t betteronto the correspondingatomsof the object labeled
Molecule.
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6.1.3.2 Computing a Mean Molecule

In this sectionwe will computea meanmoleculeof a metastablemolecularconformationof butane.

� RemovetheobjectsMoleculeandMolecule2.
� SelecttheMolTrajectoryicon.
� Loadthedata�le but cluster 3 1.idx from thedirectorydata/molecules/alkane .

but cluster3 1.idxis asubtrajectoryof MolTrajectory, i.e.,a subsetof all con�gurationsin thetrajec-
tory.

� Attacha moleculeto theiconbut cluster3 1.idx.
� Selectthe MeanMoleculeentry from the Computesubmenuof but cluster3 1.idx's pop-up

menu.
� Right-clickwith themouseonthewhitesquareat thefar left sideof theMeanMoleculeiconand

selectAlignMaster.
� ConnecttheAlignMasterport to theMoleculeiconby attachingtheblueline to it.
� SelecttheMeanMoleculeicon andpresstheall buttonof theSelectport of theMeanMolecule

module.
� PresstheApplybuttonto computethemeanmolecule.
� Visualizethemeanmoleculebut cluster3 1.meanby attachingaMoleculeView to it.
� ConnecttheAlignMasterportof themoduleMeanMoleculeto thebut cluster3 1.meanicon.
� PresstheApplybuttonof theMeanMoleculemoduletwo or threetimes.

You have now computeda meanmoleculeof thesubtrajectorybut cluster3 1.idx. TheAlignMaster
is usedto align all time stepsbeforeaccumulatingtheatompositions.ChangingtheAlignMasterto
the previously computedmeanmoleculeand repeatingthe computationof the meanmoleculewill
improveit. Thisprocedureshouldconverge.

A betterway to computea meanmoleculeis to usethe modulePrecomputeAlignment, using the
Multiple Alignmentoptionof theModeport. Thismodulecreatesanobjectcontainingatransformation
for eachstructurein the trajectory. This objectcanthenget connectedto the PrecomputeAlignment
connectionport of theMeanMoleculemodule.

6.1.3.3 Computing and Visualizing a Con�guration Density

For thesubsetof con�gurationscontainedin thesubtrajectorybut cluster3 1.idx, we will now com-
putea con®gurationdensityandvisualizeit with theIsosurfacedisplaymodule.

� SelecttheentryCon�gurationDensityfrom theComputesubmenuof but cluster3 1.idx'spop-
upmenu.
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� Connectthe AlignMasterport of the Con�gurationDensityicon to the but cluster3 1.mean
icon.

� SelecttheCon�gurationDensityicon.
� Presstheall buttonof theSelectport.
� PresstheField buttonof theComputeport to computethedensity.
� Visualizethecreatedscalar�eld but cluster3 1.scalarwith anisosurfaceby �rst selectingthe

Isosurfaceentryfrom theDisplaysubmenuof theicon'spop-upmenu,
� second,settingtheIsosurface'sThresholdvalueto 0.1,
� andthird, pressingtheApplybutton.
� Try differentThresholdvalues.

6.1.3.4 Comparing MetastableMolecular Conformations

The setof con�gurationsin the subtrajectorybut cluster3 1.idx belongsto a metastableconforma-
tion of butane.In this sectionwe will computethedensityof a secondmetastableconformationand
comparethetwo with eachother.

� SelecttheMolTrajectoryicon.
� Loadthedata�le but cluster 3 2.idx from thedirectorydata/molecules/alkane .
� Computethemeanmoleculeof thesubtrajectorybut cluster3 2.idx by repeatingthestepsde-

scribedabovefor thesubtrajectorybut cluster3 1.idx.
� Visualizethesecondmeanmoleculewith theMoleculeView module.
� Selectthreeconsecutive carbonatomsin the secondmeanmoleculeaswasdonein the �rst

tutorial.
� Attach the AlignMaster of the object but cluster3 2.mean to the �rst mean molecule

but cluster3 1.mean.
� Selectthebut cluster3 2.meaniconandpressthein slavebuttonof themeanmolecule'sSelect

port.

The two meanmoleculesshouldnow be alignedto eachother, i.e., the threeselectedcarbonatoms
shouldsuperimpose.

� Computethe densityfor the secondsubtrajectoryusingthe but cluster3 2.meanmoleculeas
AlignMaster.

� Visualizethecomputeddensitywith anIsosurfacemodule.
� Double-clickon the colormapof the Isosurface2moduleandselecta differentcolor to better

distinguishthetwo isosurfacesfrom eachother.

Youshouldnow clearlyseehow thetwo conformationsof butanediffer. For largermoleculesit might
be interestingto color the isosurfaceaccordingto the atom's colors. This can be doneusing the
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sameCon�gurationDensitymodulesby selectingtheColor Field optionof theField port. Attachthe
computedcolor �eld to theColorField connectionport of theIsosurfacemodule.

Noticethatyoucanalsovisualizethedensitieswith theVoltex moduleof theDisplaysubmenu.

6.1.4 Molecular Surfaces

In section6.1.1of this tutorial youhaveseenhow to visualizemoleculeswith theMoleculeView mod-
ule. Section6.1.2, on selection,labelingandmasking,showedyou how to useamira's facilities to
select,mask,andlabelcertainpartsof themolecule.In this tutorial wewill

1. computeamolecularsurfacewith theCompMolSurfacemodule,
2. computethemolecularsurfacefor a restrictedsetof atoms,
3. computepartialsurfaces,
4. exploretheMolSurfaceView module,
5. getto know thepicking facilitiesof theMolSurfaceView.

6.1.4.1 ComputeMolecular Surfaces

In this sectionyou will learnhow to usetheCompMolSurfacemoduleto computemolecularsurfaces
with differentresolutions.Youwill alsobecomefamiliarwith someof themodule'sbasicports.

� Loadthedata�le 2RNT.pdb from thedirectorydata/molecules/pdb .
� AttachtheCompMolSurfacemoduleto thegreeniconby selectingthecorrespondingentryfrom

theComputesubmenuof 2RNT.pdb 'spop-upmenu.
� SelecttheCompMolSurface icon.
� PresstheApplybutton.
� AttachtheMolSurfaceView moduleto thenewly createdgreenicon,2RNT-surf .

You shouldnow seea graysolventexcludedsurfacewhich is still prettycoarse.If youwanta surface
with betterresolution,

� increasethenumberof pointsper 	A2 in theCompMolSurfacemodule.
� PresstheApplybuttonagain.
� Try differentresolutions.
� Now selectthenoduplicatepointsoptionin theOptionsport.
� PresstheApplybutton.

Dueto thelastaction,somesharpedgeswill havedisappeared.If therearenoduplicatepointsatsharp
edges,thesurfacenormalsof theadjacenttriangleswill be interpolated,thusleadingto a smoothing,
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which in this casemight be undesired.However, this option is importantif it is necessaryto have a
completelyclosedsurface.

� ChangetheQualityport to faster.
� PresstheApplybutton.

You shouldobserve that someatomsdisappear. This is due to the fact that now only one surface
componentwill be computed. If the molecularsurfaceconsistsof only onecomponent,the whole
surfacewill becomputed.Sincetheunderlyingalgorithmdoesnot needto touchevery singleatom,
but approximatelyonly every secondatom,thealgorithmis muchfaster. If performanceis an issue,
youmightconsiderusingthis option.

6.1.4.2 ComputePartial Surfaces

In orderto computepartialsurfaceswe needto selecttheatomsfor which we want to computetheir
surfacecontribution.

� Opentheselectionbrowser. If youdonotknow how to dothis,takealook at thesecondtutorial.
� Typewithin(residues/HET105, 5) in thebrowser'sExpressioncommandline.
� Presstheselectionbrowser'sReplacebutton.

All atomswithin a distanceof 5 	A of theHET105residuewill now beselected.

� ResettheCompMolSurface'sQualityportbackto correct.
� Selectpartial surfacefrom theOptionsportof CompMolSurface.
� PresstheApplybutton.
� Selectadjacentpatchesfrom theOptionsportof CompMolSurface.
� PresstheApplybutton.

Thelastactioncausesthepartialsurfaceto beexpandedby thetoroidalpatchesadjacentto thepartial
surface.

6.1.4.3 Molecular Surfaceof a RestrictedSetof Atoms

The molecule2RNT.pdbcontainssomewatermolecules,which arein mostcasesnot desiredwhen
computingthemolecularsurface.In orderto excludethewatermoleculefrom thesurfacecomputation

� opentheselectionbrowseragain.
� In theselectionbrowserscroll to theendof thelist of residues.
� Click ononeof thestringsHOH in thetypecolumn.

All residuesof typeHOH shouldnow behighlighted.
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� In the browser, right-click on the headingCMSwhich standsfor CompMolSurfaceandselect
theentryRemove.

� Deselectpartial surfacein theCompMolSurfacemodule.
� PresstheApplybutton.

For thenew surfaceonly thoseresiduesthathave a checkmarkin theselectionbrowserwereconsid-
ered.Youmaycombinethis procedurewith thepartialsurfacecomputationdescribedabove.

6.1.4.4 Exploring the MolSurfaceView

TheMolSurfaceView moduleis alreadyattachedto themolecularsurface.A secondconnectionexists
to themolecule2RNT.pdb , from whichdatais readto enhancethevisualization.

� Computethewholemolecularsurfacewith a resolutionof 2 pointsper 	A2.
� Click on theMolSurfaceView icon to seeits userinterfacein thePropertiesArea.
� Selectmoleculefor theColor Mode.
� ChangetheColor port's �rst menuentryto residues.
� Selectanappropriatecolormapfor theDiscreteCM portby right-clickingon thecolorbar.
� Switch to interactionmodeby clicking on the arrow button in the upperright cornerof the

viewing window.
� Click on thesurfacein theviewing window.

All trianglesbelongingto thepickedtriangle's residuewill behighlighted. If the trianglebelongsto
two or eventhree(maximum)residues,all of thoseresidueswill behighlighted.

Clicking onthesurfacewith themiddlemousebuttondisplaysinformationabouttheatomyouclicked
on in theupperleft cornerof theviewing window aslong asyou keepthemousebuttonpressed.If
youCtrl -click, theinformationwill remaindisplayedevenafterreleasingthemousebuttonuntil the
next mouseclick on thesurface.

� PresstheHighlightingport'sClearbuttonto removetheselection.
� ChangethePick Actionport to clipping.
� Pickany triangleof thesurface.

All trianglesfurtheraway from thepickedtrianglethanthedistancegivenby theSelectionDistance
port will becut off. All triangleswithin this distancewill remain,however, only if they areconnected
to thepickedtrianglewithout leaving thespherearoundthepickedpoint.

� PresstheAll buttonof theBuffer port to displaythewholesurface.
� ChangethePick Actionport to surface.
� Shift -click on thesurfacein theviewing window.
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All clicks on the surfacewill now be handledasyou might be familiar with from the SurfaceView
module.

6.1.5 Sequentialand Structural Alignment

In this tutorial youwill becomefamiliarwith theAlignSequencesandAlignMoleculesmodules.

TheAlignSequencestool facilitatesthecomparisonof two sequences.It canbeappliedto bothproteins
andnucleicacidsexceptfor t-rnamoleculescontainingmodi�ed bases.TheAlignSequencesmodule
is nothighly advanced,but it mightsuf�ce for somepurposes.

Having donethe sequentialalignment,you can usethe correspondenceproducedby the sequence
alignmentto doastructuralalignmentof themolecules.

� Loadthe�les 1IGM.pdb and2JEL.pdb from thedirectorydata/molecules/pdb/ and
connecta MoleculeView to eachof them.

Youshouldknow how to do this from the®rst tutorial. For bothMoleculeViews

� selectresiduesfrom the�rst menuof theColor port.

A colormap(DiscreteCM) with constantcolor will appear. To distinguishthe molecules,choosea
differentcolor for oneof them.In orderto doso

� double-clickon thecolorbar(theColor Dialog shouldappear)and
� changethecurrentcolorby dragginganddroppingany of thecustomcolors.
� PresstheOK buttonof thecoloreditor.

6.1.5.1 SequenceAlignment

We will now usetheAlignSequencesmoduleto align thesequencesof thetwo molecules.In thenext
sectionwewill usetheassociatedaminoacidpairsfor astructuralalignment.

� Right-click on the1IGM.pdbiconandselectAlignSequencesfrom theComputesubmenu.
� Right-click thewhitesquareon thefar left sideof theAlignSequencesicon.

A pop-upmenudisplayingall connectionportsopens.

� SelectMoleculeBfrom it andconnecttheport to the2JEL.pdbiconby clicking on it.

Thereshouldnow be two blue lines connectingthe AlignSequencesicon with the 1IGM.pdb and
2JEL.pdbicons,respectively.

� SelectthemoduleAlignSequencesby clicking on its icon in thePool.
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� Choosesemiglobalfrom thesecondmenuof theAlign Typeport.
� PresstheApplybutton.

If the alignmenthasbeensuccessful,a window displayingseveral slightly differentalignmentswill
appear.

� PresstheAcceptAllbutton.ThenpresstheClosebutton.

This actionresultsin thealignmentsbeingwritten to themoleculesasnew levels. In orderto check
this,

� type1IGM.pdb list in theamira consolewindow.

In additionto levelssuchasatoms,bonds,residues,etc.youwill alsoseelevelsnamedsemiGlobalSe-
qAlign1to semiGlobalSeqAlign10. 2JEL.pdbhasthesamelevelswith anequalnumberof groups.

6.1.5.2 Align Moleculesby using the Mean DistanceCriteria

We cannow usethelevelssemiGlobalSeqAlign*for astructuralalignment.In orderto doso,

� right-click theicon1IGM.pdbandselectAlignMoleculesfrom theAlignmentsubmenu.
� Right-click thewhitesquareat thefar left sideof theAlignMoleculesicon,selecttheMoleculeB

entry, andconnectthemoduleto 2JEL.pdb.
� SelecttheAlignMoleculesicon to make it appearin thePropertiesArea.
� Selectany of thelevelsnamedsemiGlobalSeqAlign*in theAlignLevelport andpresstheApply

button.

If you wantto follow thealignmentprocess,

� click theshowalignmentoptionbeforepressingtheApplybutton.

Compareyour resultto theonlinedemo.

6.1.6 Editing of molecules

An essentialtool for manipulatingthemoleculardatastructurefrom Molecular Pack is theMolecule
Editor. It allowsaddingnew bondsor changingtheoverall topologyof themoleculeaswell asmanip-
ulatingCartesianor internalcoordinates.

For eachof thesetasks,thereis an examplein the following sectionto give you an easy“learn by
doing” introductionto theavailablefeatures.Eachactionperformedwith theeditoraffectsall currently
selectedatoms.Thus,it is necessaryfor you to befamiliarwith thefunctionsof theSelectionBrowser
beforehand(seesection6.1.2onselection,labeling,andmasking).
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� Load the �le 1HVRm.pdb from the directory data/molecules/pdb/ and connecta
MoleculeView moduleto it.

� Selecttheballsandsticksrepresentationfor theMoleculeView.

Thedatastructureloadedis anenzymeof HIV in complex with theinhibitor XK263.

6.1.6.1 Invoking the MoleculeEditor

To starttheeditor

� selectthe1HVRm.pdb objectin thePoolandpresstheMoleculeEditor button(pencilicon) in
its userinterface.

Themoleculeeditorinterfaceis now visible. However, for thetaskswewantto perform,wealsoneed
theselectionbrowser, which is openedby

� pressingtheShowbuttonof theSelectionBrowserport of 1HVRm.pdb.

6.1.6.2 Adding Bondsto a Part of a Molecule

Theinhibitor XK263 is currentlywithoutbonds.To addbonds,carryout thefollowing steps:

� Opentheselectionbrowserandselecttheresiduewith thetypeXK2 (it is at theendof thelist).
� Switchto theToolstabin themoleculeeditorandpressthebond-lengthtablebuttonin theMode

section.Then,presstheaddbuttonin theActionsection.

Addingbondsin thebondlengthtablemodewill createnew bondsin theselectedpartof themolecule
by comparingthedistancesbetweentheatomswith a tableof averagebondlengths.Theresultshould
now look likeFigure6.5.

6.1.6.3 Splitting the Molecule

We now wantto split themoleculeinto inhibitor andprotein.

� If it is not currentlyselected,reselecttheXK2residuein theselectionbrowser.
� PresstheSplit buttonon theToolstabof themoleculeeditor.

You will noticethat theatomsof the inhibitor areno longerdisplayedby theMoleculeView andthat
a new object,1HVRm2.pdb, hasappearedin the Pool. This objectcontainsthe previously selected
atomsof theligand.
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Figure 6.5: Addingbondsto theligand

6.1.6.4 Adding another molecule

Theproteinof the1HVR entryis a proteasewhich usesuponewatermoleculeto split a polypeptide.
We now wantto addthewaterto theactivesiteof theenzyme.

� Loadthe�le h2o.pdb from thedirectorydata/molecules/pdb .
� Go to themoleculeeditorandpresstheAddbuttonin theChangeTopologysection.
� In the window that opens,all othermoleculesin the Pool will be shown. Selectthe h2o.pdb

moleculeandpressOK.

Theatomsof thewatermoleculehavenow beencopiedto the1HVRm.pdbobject.

6.1.6.5 Moving Parts of the Molecule

To concentrateour view on the region of interestwe will reducethe molecularview to aminoacids
A25andB25betweenwhich thewatermoleculeshouldbeplaced.

� Typer/name=?25 OR r/type=H2O into theselectionbrowserandpresstheAddbutton.
� Now move your mouseon theMV heading,pressthe right mousebutton,andactivatetheRe-

placeoption.

With only theresiduesA25 andB25 andthewatermoleculedisplayed,all that is left to do is to drag
thewatermoleculeto its correctlocation.
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Figure6.6: Moving thewatermoleculeto thedesiredlocation

� Selectthewatermoleculein theselectionbrowser(theresidueat theendof thelist).
� Switchto theTransformtabof themoleculeeditor.

� Show thepositionof thetransformdraggerby pressingthe buttonin thePositionsectionof
theTransformtab.

� Left-click on thedraggerandhold themousebuttondown. You cannow translatethedragger
in differentplanesdependingon thesideyou clickedon. Movethewatermoleculebetweenthe
two aminoacidsasshown in Figure6.6.

� To reorientthewatermolecule,click on thegreenknobsof thedragger. They allow thedragger
to rotatein differentplanes.

Repeatthestepsdescribedaboveuntil you aresatis�edwith theresult.

To applythechangesthatyoumadeto theeditedmolecule,youmustpresstheApplybuttonor endthe
editingby usingtheOK button.

6.1.7 Molecular Interfaces

This tool is particularly interestingfor visualizingcontactareasbetweenpartsof a singlemolecule
or betweendifferentmolecules,e.g.,enzymesandtheir ligands.In this examplewe will considerthe
secondcase.

170 Chapter6: Molecular Pack Introduction



� Pleaseloadthe�le 2RNT.pdb from thedirectorydata/molecules/pdb .

6.1.7.1 De�ning groups

In this sectionwe will createa new level, calledinterface, for themoleculeandde�ne two groupsof
thelevel, substrateandreceptor, respectively.

� Selectthe2RNT.pdb icon in thePoolby clicking on it.
� Now click in theconsolewindow to activateit, andpresstheTABkey.

Thenameof theselectedicon,2RNT.pdb , shouldappearin theconsolewindow. If it doesnot,

� pleasetype2RNT.pdb .
� On thesameline, typedefine interface/substrate residues/HET105

Thefollowing text shouldnow bewritten in theconsolewindow
2RNT.pdb define interface/substrate residues/HET105

� PresstheENTERkey.

You have now de�ned the groupsubstrate in the level interface. The groupconsistsof the residue
HET105.We will now de�ne thegroupreceptor.

� Press the TAB key again, then type defregexp interface/receptor NOT
residues/HET105 AND NOT residues/type=HOH

With NOT residues/HET105 we excludethesubstrateandwith NOT residues/type=HOH
we excludeall watermolecules.Thus,thereceptoris de�ned asconsistingof all atomsnotbelonging
to eitherthesubstrateor any watermolecule.

If you now list all levelsby typing

� 2RNT.pdb list

you will seeaninterfacelevel containingtwo groups.

� Type2RNT.pdb list interface

andall groupsof theinterfacelevel will beprintedin theconsolewindow.

6.1.7.2 Computing the Interface

We will now computetheinterfacebetweenthereceptorandthesubstrate.Theinterfacebetweentwo
moleculesis de�ned asthesurfaceequidistantto bothmolecules.For theapproximationwe compute,
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this might not be exactly true for all pointson the surface. The moduleto computethe interfaceis
calledCompMolInterface.

Now, to computetheinterface,

� right-click theicon2RNT.pdb andselectCompMolInterfacefrom theComputesubmenu.
� Selecttheicon labeledCompMolInterface in thePool.
� Chooseinterfacefrom theLevelsmenuof theCompMolInterfacemodule.
� PresstheApplybutton.

Two objectsresultfrom thisaction,aninterfaceobjectof typeMolSurface, 2RNT-interface.surf, anda
distance�eld of typeUniformScalarField3, 2RNT-distance.�eld .

6.1.7.3 Visualizing the interface

Finally, wewill view thecomputedinterfacein theviewing window with theMolSurfaceView module.

� Right-click on the2RNT-interface.surf iconandselectMolSurfaceView.
� Right-click on thewhite squareat thefar left sideof theMolSurfaceView icon andconnectthe

ColorField port with thedistance�eld 2RNT-distance.�eld .

Theuserinterfaceof theMolSurfaceView moduleshouldbevisible in thePropertiesArea.

� Choosethe�eld optionfrom theColor Modeport,resultingin anew port,Colormap, appearing
in theuserinterface.

� Right-click on thecolormapbarandchooseany colormap.
� Playaroundwith thecoloringby changingthecolormaprange.Thefull rangeof valuescanbe

seenwhenyouselectthe2RNT-distance.�eld , i.e, click on it.
� Also, changethe Cutoff distancein the CompMolInterfacemodule,e.g.,to 1.0, andthe Voxel

size, e.g.,to 0.5.
� Seewhathappenswhenyou presstheApplybuttonof theCompMolInterfacemodule.

Warning: If you choosea very small voxel size,the computationmight take very long. Also, there
mightnotbeenoughmemoryto storesucha largedistance�eld. Usually, 1.0or 0.5aregoodvalues.

After having donethestepsdescribedabove,whatyouseeshouldbesimilar to theNucleasedemoon
thedemopages.Theinterfacehere,however, hasbeengeneratedfrom two separate�les.

6.1.8 Measurement

In this tutorial you will learnhow to measuredistancesandanglesbetweenatomsin a molecule.For
this tutorial it is necessaryfor you to havealreadydonethetutorial 6.1.1.
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� Loadany moleculefrom thedirectorydata/molecules/* andconnecta MoleculeView to
it.

� SelecttheMoleculeView by clicking on its icon in thePool.
� SelectballsandsticksModeandfastQuality.
� Next, right-click ontheMoleculeView icon,andselectMeasurementfrom thepop-upmenu.

Theuserinterfaceof theMeasurementtool shouldnow bevisible in thePropertiesArea.An Info port
tells you thatyouneedto select2, 3, or 4 atoms.In orderto doso,switchto interactionmodeby

� pressingtheESCkey or by pressingthearrow button in theupperright cornerof theviewing
window.

You cannow selectsingleatomsin the viewer by clicking on them. If you click on oneatom,the
previously selectedatomwill be deselected.By usingthe Ctrl -key, you canselectmorethanone
atom.

� Select2, 3, or 4 atomsandobservewhatis beingdisplayedin theuserinterfaceof theMeasure-
mentmodule.

TheCtrl -key is alsousedto deselectatoms.

6.2 Molecular Data Structures

Severalmolecular�le formatsincluding, for example,PDB, Tripos,andUniChem,canbe readand
writtenby Molecular Pack, other�le formats,suchasCHARMM, canonly beread.Theinformation
readfrom the data�les will be storedin different typesof objects: Molecule, MolTrajectory, and
MolTrajectoryBundle.

Molecule. Singlemolecularcon�gurationsarerepresentedasdataobjectsof typeMolecule. Thiskind
of objectcaneitherbecreatedby loadinga �le containingasinglemolecularstructureor by attaching
it to an objectof type MolTrajectory, in which caseit will act asa projector, extractingoneof the
trajectory's ' timesteps',i.e.,a singlestructure.

Trajectory. The MolTrajectorydatastructurerepresentsa seriesof molecularcon�gurationsof the
samemolecule.Again two casesarepossible.Eitherthetrajectoryis loadeddirectly from a �le. Or it
canbeattachedto anobjectof typeMolTrajectoryBundle, extractingoneof thetrajectoriescontained
in thatbundle.

Bundle of trajectories. A trajectorybundlere�ects thecaseof a �le containingmorethanonemolec-
ular trajectory. If sucha �le is loadedinto amira, an object of type MolTrajectoryBundlewill be
created.A singletrajectorycanbeaccessedby attachinga MolTrajectoryobject.
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Figure6.7: MoleculeView (left andmiddle)andBondAngleView (right) displaythemoleculesimultaneously.

6.2.1 Inter nal Structure of Molecules

An objectof datatypeMoleculecontainsinformationaboutthestructureof amoleculeandtheatomic
coordinatesof oneof its con�gurations. The mandatorypart of structuralinformationconcernsthe
numberandtypesof all atomscontainedin themolecule.All thetopologicalinformationis organized
in levels which are cliquesof groups. Eachgroup containsother groupsor atoms. The simplest
exampleis thelevel bonds, whichconsistsof groupsof two atoms.

Somelevelscanbuild hierarchies.For example,a residueconsistsof anumberof atoms,andacouple
of residuesmayform a secondarystructure.Theselevelsandgroupscanbede�ned by �le readersor
interactively via Tcl commands.

6.3 Displaying Molecules

Moleculescanbe visualizedwith the MoleculeView, BondAngleView, SecStructureView, or Tube-
View modules.A sampleoutputof the�rst two modulesis shown in Figure6.7.

In addition,therearetwo modulesfor generatingmolecularsurfaces.TheCompMolSurfacemodule
enablesyou to generatethe solventaccessible, solventexcluded, and van der Waals surfacesof a
molecule.TheCompMolInterfacemodulecanbeusedto generateintra-andintermolecularinterfaces,
suchasbetweensingleatomsor residues,or betweentwo molecules,respectively.

6.3.1 Coloring Molecules

Theatom-orientedmodulesMoleculeView, BondAngleView, Con®gurationDensity, andMolSurface-
View allow acoloringonaper-atombasis,i.e.,eachatomisassignedacolor. Ballsin theMoleculeView
will have thecorrespondingcolors.Stickswill besplit into halvescoloredaccordingto their attached
atoms.In theBondAngleView, atomcolorsareassignedto theverticesandcolor is interpolatedover
thetriangles.
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To determinethecoloringyoucanchoosealevel,e.g.,atoms,residues,secondarystructures,or chains.
Furthermore,youcanchooseoneof thelevel'sattributes.Thecoloringwill thenbedoneaccordingto
thegroup'sattributessuchthatall atomsof thesamegroupwill havethesamecolor.

Color

A moleculemaybecoloredaccordingto variousschemes.For example,eachatomof a speci�c type
may have the samecolor. Anotherpossibility is to give all atomsbelongingto a certaingroupthe
samecolor. The�rst menuof theColor port speci�esthegrouplevel, e.g.,atoms,residues,secondary
structures,or chains. The secondmenuallows you to decidewhich attribute of the speci�ed level
shouldbeconsideredto color its groups.
If you pressthe Legendbutton, a separatewindow will be opened,which displaysa legendof the
coloring,i.e. atableassociatingcolorswith attributevaluesaccordingto thecurrentcoloring.Clicking
on thetext to theright of acolorwill selectall atomswith this color.

Continuous CM

This colormapis usedto mapvaluesof �oat attributesto colors. For optimalmapping,thecolormap
rangemustbe setcorrectly. By default, the rangeis setto the minimum andmaximumvaluesthat
occurusingthechosencolor scheme,if thebuttonin front of the�rst text �eld displaysa capital“L”.
The “L” meansthat the colormapusesa local rangewhich allows you to modify the rangewithout
affectingtherangeof thesamecolormapusedin othermodules.By pressingthebuttonyoucantoggle
betweenlocal andglobal range.

The default colormaphasa constantcolor over thewhole range.By leaving it constantyou give all
atomsthe samecolor, which may be useful if you want to comparedifferentmolecules.For more
information,seethesectiononcolormaps.

DiscreteCM

This colormapis usedto mapvaluesof discreteattributes,like integersandstrings,to colors.

De�ne Color

Thisportcanbeusedto overwritethestandardcolorsof theselectedcolorscheme.With theAll button
you canseta new color for all atoms.TheClear buttonunsetstheuser-de�ned colorsfor all atoms.
TheSetandUnsetbuttonsoperateon thesetof highlightedatoms.Thesebuttonscanbeusedto set
andunsetthecolorsof thoseatoms,respectively.
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6.3.2 Selectingand Filtering atoms

Varioustasksrequiretheselectionof atomsin a molecule.Themostprominentarethealignmentof
moleculesandtheselective displayof moleculeparts.amira offers two selectionmethods.You can
selectatomsvisually via any of the viewing modules. Alternatively, selectioncanbe donevia the
molecule'sselectionbrowser, whichcanbeopenedby pressingtheShow buttonof themolecule.

6.3.2.1 Selectionof Atoms with a Viewing Module

Theselectionof atomswith a viewing modulecanbedonein two ways. The�rst way is by clicking
oncertaindisplayedpartsof themolecule.In general,thiswill highlight theselectedparts.By default,
thenumberof atomsthatwill beaffectedby a click dependson theselectedgrouplevel of thecolor
port. For example,if the atomsin the viewing modulearecoloredaccordingto the residueslevel,
all atomsbelongingto the sameresidueas the picked atomwill get selected.However, sincethis
is very restrictive, you caneasilychangetheselectionmodeto themostcommonlevels, i.e., atoms,
residues,secondarystructures,andchains. In order to choosea certainlevel for the selectionyou
needto presscertainkeys in advance. Ctrl-a choosesthe atomslevel, a click on an atom will
only in�uence theselectionfor this atom. Ctrl-r , Ctrl-c andCtrl-s chooseresidues,chains
andsecondarystructure levels, respectively. To switchbackto thedefault behavior, wherecoloring
determinesselection,pressCtrl-d .

If youpick anotherpart,thepreviouslyhighlightedatomswill beunhighlightedandthenewly selected
atomsarehighlighted.Ctrl -clicking a partof themoleculeleavestheexisting selectionstateof all
atomsunchangedexceptfor thenewly selectedatoms.If theselectedatomshadbeenselectedbefore,
they will get deselected,otherwisethey will get selected.On the onehand,this allows you to add
atomsto theselection,on theotherhandit alsoallowsyou to deselectatoms.

If you selectsomegroupandafterwardsselecta secondonefrom the samelevel holding down the
Shift -key all groupsbetweenthe two will alsobe selected.The Shift -key canalsobe usedin
conjunctionwith theCtrl -key.

If you do any selectionby clicking in the viewer therewill be someoutput in the consolewindow
informing you aboutwhatyou have selected,theamountof outputcanbecustomizedvia thePrefer-
encesdialog,which is openedby choosingthePreferencesentryfrom theEdit menu.Thepreferences
concerningMolecular Pack arefoundon theMoleculestab.

Highlighting

Thesecondway to selectpartsof themoleculeis by usingthefunctionalityof theHighlighting port.

� If youpresstheBoxbutton,themolecule'sboundingboxwill bedisplayed.All atomscontained
in theboxwill behighlighted.Youcanchangethesizeof theboxin interactionmodebyclicking
on thehighlightedhandles(usuallyin a light green)of thebox. Keepthemousebuttonpressed
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anddragin thedesireddirection. Noticethat thebox will not exceedthemolecule's bounding
box. Youcanalsomovethebox within theboundingbox by clicking on oneof thebox'ssides.
Pressingtheboxbuttona secondtime hidesthebox.

� After pressingthe Draw button, you candraw a line in the viewer window which selectsall
atomsthatareinsidetheline. PressingtheCtrl -key while drawing invertstheselection.With
theShift -key youcanremoveatomsfrom theselection.

� TheClear-key deselectsall atomsandhidesthebox if it is visible.

6.3.2.2 Filtering atoms

Filtering atomsgivesus the ability to hide partsof the moleculefor a certainmodule. All viewing
modulesandsomecomputationalmodules,suchastheCompMolSurfacemodule,containa �lter that
keepstrackof all atomsof amoleculewhicharecurrentlyin use. Thetermin usemeansthatthemod-
ule will only seethein useatomsandregardall otheratomsasnon-existing. Thus,a viewing module
will only displaythein useatoms,andthecomputationalmoduleCompMolSurfacewill computethe
molecularsurfaceignoringthenot in useatoms.Each�lter will registeritself at themolecule'sselec-
tion browser, so that you caneasilydeterminethe in useatomsof a module. For moreinformation
abouthow to do this,seethedescriptionof theselectionbrowser.

In mostmodules,the�lter' s Buffer port will bevisible,which addsto theconvenience.Thefunction-
ality of theBuffer port is describedbelow.

Buffer

PressingAddwill appendtheselectedatomsto the in useatoms.TheRemovebuttonwill deletethe
selectedatomsfrom the in uselist. Replacewill �rst clear the in uselist andthenaddthe selected
atomsto it. Finally, theAll andClearbuttonsareshortcutsto deleteor addall atomsfrom or to thein
uselist, respectively.

6.4 Aligning Molecules

To comparethestructuresof severalmoleculesit is necessaryto bring theminto a suitablegeometric
arrangementrelative to eachother, becausetheir absolutepositionsin thecommoncoordinatesystem
aregenerallymeaningless.By arrangingthemoleculesin variousdifferentways,you caninvestigate
variousaspects.

6.4.1 Alignment of Trajectories

Molecular Pack offers a reusablecomponentfor the alignmentof molecules.It appearsin several
modules,e.g.,Molecule, Con®gurationDensityandMeanMolecule. Here,wewill giveanoverview of
theavailablefunctionality.
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Two connectionportsaresupplied:

AlignMaster [optional]

To computeanalignmentrelativeto areferencemolecule,thisportmustbeconnectedto thereference.

PrecomputedAlignment [optional]

Thisport canbeconnectedto analignmentprecomputedby usingthemodulePrecomputeAlignment.

Thecontrolof thealignmentis donevia threeports,asdescribedbelow:

Transformation

Thisportallowsyou to specifyhow themoleculeshouldbealigned.Thepossibleoptionsare:

none: Atom coordinatesareleft asthey are.

centerof gravity: Themoleculeis positionedto thecoordinatecenter(centerof gravity) by applying
a translation.

align to master: This mode requiresa mastermoleculeto be connectedto the AlignMaster port
which is usedasa referenceto which othermolecules,the slaves, arealigned. We consider
correspondencesbetweenatomsfrom thereferencemolecule,i.e. master, andatomsfrom the
moleculeto be aligned,i.e. slave. The alignmentis doneby minimizing the sumof squared
distancesbetweenall correspondingatoms.

precomputed: This option is only enabledif the PrecomputedAlignmentconnectionport is con-
nectedto analignmentobjectthathasbeenpreviouslycomputed.If precomputedis chosen,the
transformationwill betakendirectly from this object.

external: This option indicatesthat themolecule's global transformhasbeenexplicitly set,e.g.,via
theTcl commandsetTransformor by usingtheTransformEditor.

Select

This port becomesimportantif align to masteris selected.It givescontrolover theatomsin theslave
andthe masterthat areusedfor the alignment. In the generalcasemasterandslave moleculesare
different,i.e. theirnumbersof atomsdiffer, andanalignmentrequiresanexplicit speci�cationof pairs
of atoms. This canbe doneby highlighting atomsin both moleculesvia the MoleculeView module
andthenpressingthe in bothbutton. Dependingon whethertheoptionmenuis setto Setor Add, the
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highlightedatomswill eitherreplaceanexisting list of selectedatomsor otherwisewill beappended
to it. Thematchingbetweenatomsin thetwo moleculesis de�ned by their orderof selection.

Thebuttonsall, in slave, andin masteroffer shortcutsfor thefrequentcaseof slaveandmasterhaving
thesamenumberof atomsincluding theassumptionthat their orderde�nes a naturalmatching.The
easiestway is to useall atomsby pressingall. Selectionof a subsetcanbe doneby highlighting in
eithertheslaveor themasterandthenpressingin slave, or in master, whichwill usetheselectedatoms
in therespectivemoleculefor theothermolecule,too.

Selection

If align to masteris selected,this port displaystheexisting stateof selectionthat is usedto compute
thealignment.Possibleformsare:

empty: No atomsareselected.At leastthreearenecessaryfor analignment.

all atoms: Masterandslave havethesamenumberof atomsandall areusedfor thealignment.

0, 5, 6: A list of indicesimplies thatmasterandslave have thesamenumberof atomsandidentical
subsetshavebeenselected.

0 ! 7, 5 ! 6, 6 ! 5: A list of index pairs(masterindex ! slave index) indicatesa matchingresulting
from individualselectionsin masterandslave.

6.4.2 Mean DistanceAlignment

Apart from theabove mentionedalignmentprocedure,thereexistsa modulethatallows you to align
two moleculesby usingthemeandistancecriterioninsteadof themeansquareddistance. SeeAlign-
Moleculesfor moreinformation.

6.4.3 Sequencealignment

Molecular Pack allows you to align the sequencesof two molecules. Threealgorithmsareavail-
ablefor usedependingon thekind of dataandyour needs:local, semi-global,andglobalalignment.
Thealgorithmswork bothfor proteinsandribonucleicacids,whereast-RNA moleculesarecurrently
not supportedbecausethey containmodi�ed bases.This modulecanbe very helpful whenusedin
conjunctionwith theAlignMoleculesmodule.
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6.5 Visualizing Molecular Trajectories and Metastable Confor-
mations

A MolTrajectorycanbevisualizedvia animationof singletimestepsby attachinga Moleculemodule
to the MolTrajectory and then attachinga MoleculeView or BondAngleView to the Molecule. The
animationis controlledvia theMolecule'sTimeport.

For MolTrajectoriesthat representmetastableconformations,the modulesMeanMolecule, Precom-
puteAlignment, andCon®gurationDensitycanbeused.TheMeanMoleculemodulealignsall stepsof
a trajectoryandcomputesa meanmoleculeby averagingevery atomiccoordinateoverall time steps.
Insteadof computingthemeanmoleculeto a reference,aswith theMeanMoleculemodule,thePre-
computeAlignmentmoduleallowsyouto �nd theoptimaltransformationof eachtimestepto minimize
theoverall sumof squareddistances.With theRankTimeStepmoduleyou cansearchin a trajectory
for a desiredtime step,usingdifferentcriteria,suchasthermsdvalueto a givenreference.

TheCon�gurationDensitymodulegivesan impressionof the fuzzinessof theconformationby com-
putinga probabilitydensityfor thepositionsof atomsandbondswithin a moleculartrajectory. This
densitycanthenbevisualizedwith theIsosurfaceandVoltex modules.

6.6 Atom Expressions

6.6.1 Overview

Atomexpressionsarea querylanguageto �nd andselectatomsof certainpropertiesin themolecule
for further action. The mostimportantapplicationof atomexpressionsin amira is the highlighting
sectionof theSelectionBrowser.

In amira, amoleculeis separatedinto groupsof differentlevels.Eachgroupcontainsasetof attributes.
(Moredetailsof thisconceptcanbefoundin thedescriptionof theAttributeEditor). Atom expressions
areasimpleform of a relationalquerylanguagewhichaccessestheseattributes.

Thesimplestform of anatomexpressionis anatomspeci�er. This is a literal de�ning a level, oneof
its attributes,andaconditionfor thisattribute.For example,atoms/atomic number=8 de�nesall
atomswhoseatomicnumberattributeequals8 (i.e.,all oxygens).

Such atom speci�ers can be combinedwith logical operatorslike AND, ORand NOT. For exam-
ple, atoms/atomic number=8 AND NOT atoms/charge=0 will selectall chargedoxygen
atoms.

Thereareadditionaloperatorslike WITHIN, BONDEDandGROUPwhich applycertainconditionsto
coordinatesor bondstructure.Theseareexplainedin sectiononoperators.
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6.6.2 Grammar

All possiblesyntaxesof atomexpressionsareshown in thefollowing grammar. Thedifferentliterals
andoperatorsarefurtherexplainedin thefollowing sections.

atomExpr! ( atomExpr)
j NOT atomExpr
j atomExprAND atomExpr
j atomExprOR atomExpr
j WITHIN (atomExpr,�oat)
j BONDED(atomExpr[,int])
j GROUP(groupParts)
j CS
j atomSpeci�er

atomSpeci�er! hierName/[attrName=]ID
groupParts! groupPart

j groupPart,groupParts
groupPart ! groupSpeci�er

j groupSpeci�er[bondOrderSymbolChar]groupSpeci�er
groupSpeci�er! [!] elementSymbolindex

6.6.3 Literals

As mentionedin theoverview, thesimplestform of anatomexpressionis anatomspeci�er. An atom
speci�er consistsof threeliterals: hierName, theoptionalattrName, andID.

hierName standsfor a nameof a hierarchylevel (e.g.,residues ). Thefollowing abbreviationscan
beusedfor themostcommonlevels:
a=atoms,r=residues,b=bonds,s=secondarystructure,c=chains

attrName is optionalandspeci�es thenameof an attribute (e.g.,temperature, occupancy,
type, ... ) of thegiven level. If it is omitted,the ID is assumedto specifytheattributenameor
index asshown by the list command. If an attribute nameis given, the ID is assumedto standfor
valuesof theattribute.

To seewhich hierarchylevelsandrespective attributesarede�ned for a givenmolecule,take a look
at theColor port which is usedin severalmodules.Theright pull-down menuwill show all available
attributesfor thelevel chosenin theleft pull-down menu.

ID speci�esan identi�er of a memberof thegivenhierarchyandattribute. It canbe thename/index
of thegroup(e.g.,L112 for residue112on chainL) or thetype(e.g.,ASPfor all aspartateresidues).
Wildcardssuchas* and? may be used,or ranges(e.g.,L112-L115)may be given. For the atom
level thereis a specialcaseto beconsidered.Moleculesin amira usuallycontainanatomicnumber
attribute insteadof an elementsymbolattribute. To selectatomsvia their elementsymbolyou can
simply type a/element. Thus the atomspeci�er for all oxygenatomsa/O is equivalent to the atom
speci�er a/atomicnumber=8.

AtomExpressions 181



Insteadof the '=' comparisonyou canalsousethecomparisonoperators0 < 0;0> 0;0> = 0 and0 < = 0.
Notehoweverthatthey areonly availablefor index, integerand�oat attributes,not for stringattributes.

Anotheratomexpressionform involving several literals is the groupParts expressionwhich is used
with theGROUPoperator. Operatorswill beexplainedin thenext section.

6.6.4 Operators

Logical Operators
SeveralatomSpeci�ercombinationscanbe usedin oneexpressionby linking themlogically via the
operatorsAND, OR, andNOT(&, j, and!). Prioritiescanbespeci�edusingusualparentheses( and) .

WITHIN(atomExpr,float)
Thisoperatorselectsall atomswhicharenearerthan�oat 	A to any of theatomsspeci�edby atomExpr.

BONDED(atomExpr[,int])
With this operator, all atomsthatarerecursively connectedto any atomsspeci�ed by atomExprwill
be chosen.You canoptionally specifyan integer valuede�ning the maximalbondsteps. If this is
omitted,therewill beno limit.

CS
CSspeci�esall currentlyselected(highlighted)atoms.

GROUP(groupParts)
The GROUPoperatoris a powerful tool to �nd functional groupsby searchingfor a certainatom
andbondpatternin themoleculargraph.To de�ne a graphasasearchpattern(groupParts), youmust
divideit into linearpiecesof sequentialatoms(agroupPart). Eachatommustbede�nedby its element
symbolandanindex which distinguishesit from otheratomswith thesamesymbolbut otherindices
(groupSpeci�er). Thus,C1C2C3would be a groupPart consistingof threedifferentgroupSpeci�ers
representinga chainof threecarbons.This grouppartcannow becombinedwith anothergrouppart
by usingoneof its groupSpeci�ers asbranchpoint (e.g.,C2O1H1for a hydroxyl groupbranching
from the secondcarbonof the chain). At the beginning of eachgroup speci�er, therecan be an
optional`!'. If it is given,thegroupSpeci�eris only usedfor matching,but thecorrespondingatoms
will not beselected.(Thus!C1O1H1 would �nd thehydroxyl groupswithout selectingthe�anking
carbon,which mustbe given,however, to avoid selectingstructures,suchasOH groupsin H2O). If
theatomSpeci�erin questionappearsseveraltimes(to de�ne branchpoints),it is suf�cient to markit
with theexclamationmarkonce.

Consecutive atomSpeci�ers in a groupPart areusuallynot divided from eachother. This meansthat
theremustbea bondof any typebetweentheconsecutiveatoms.If youwantto de�ne thebondorder
further, you cangive anoptionalbondOrderSymbol. (`-' for a single,`=' for a double,`#' for a triple
and`'̃ for anaromaticbond).

Takeacarboxylgroupasanexample.To de�ne thegrouppattern,thecentralcarbonatom(C2)needs
to beconnectedto threeatoms:two oxygens(O1,O2), andoneothercarbon(C1). This canbedone
in thefollowing way: GROUP(!C1C2O1,C2O2H1). Thus,thehydroxyl group(O2H1)is givenasa
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branchof theCCOchain.Thereare,of course,severalotherwaysto split thisbranchinto linearpieces
which you caneasily �nd yourself. If your moleculecontainsthe bondtype attribute, you canalso
makeuseof thedoublebond.ThustheexpressionbecomesGROUP(!C1-C2=O1,C2-O2-H1) .

Notice: Thekeywordsdo not needto be in capitalletters.Lower caseletters,evena combinationof
loweranduppercaseletters,worksaswell.

6.6.5 Shortcuts

Molecular Pack also provides pre-de�ned shortcutsthat have been assembledusing the previ-
ously mentionedsyntacticalelements.The shortcutscanbe found in your local amira directory in
share/molecules/atomExpr.cfg , andcanbeeditedandsupplemented.

Thestandardaliasesincludedin thecurrentamira releasearelistedin Table6.1.

6.6.6 Further Examples

� atoms/5-8
all atomswhoseindex is in therange5 to 8, inclusive.

� atoms/atomic_number>1
all atoms,excepthydrogens

� s/type=helix AND NOT (a/C OR a/N)
all atomswhichbelongto helices,exceptC andN atoms.

� r/type=A*
all atomswhichbelongto residueswhosetypenamebeginswith theletterA.

� BONDED(a/4 OR a/100,6)
all atomswhichareconnectedvia at most6 stepsto thetwo speci�edatoms

� WITHIN(r/A11,3.1) AND C
all carbonatomswhich arenot away further than3.1 angtromsfrom atomsof residue11 on
chainA

� GROUP(C1C2C3C4C5C6C1)
all cyclesconsistingof 6 carbons(e.g.,cyclohexane).

� acidic AND helix
all atomsof acidicaminoacidswhichbelongto helices
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acidic acidicaminoacids
acyclic acyclic aminoacids
aliphatic aliphaticaminoacids
alkali atomswhicharealkali metals
alkaliearth atomswhicharealkali earthmetals
all selectseverything
amino aminoacids
aromatic aromaticaminoacids
at adenineor thymine
backbone atomsof proteinor DNA/RNA
basic basicaminoacids
buried aminoacidswhichareusuallyfoundinsidetheprotein
cg cytosineor guanine
charged chargedaminoacids
cyclic cyclic aminoacids
h2o watermolecules
helix helices
halfmetallic atomswhichhavehalf metallicproperties
halogens halogenicatoms
hetero heterogenicatoms
hydrophobic hydrophobicaminoacids
ions chargedheterogenicatoms
metallic atomswhichhavemetallicproperties
neutral neutralaminoacids
noblegas atomswhichhavenoblegasproperties
nonmetallic atomswhichhavenonmetallicproperties
nucleic nucleicacids
nucleicbackbone backboneatomsof RNA/DNA
polar polaraminoacids
proteinbackbone backboneof a polypeptide
purine adenineor guanine
pyrimidine cytosineor thymine
sheet sheets
sidechain atomsof theprotein/RNA/DNA whichdonotbelongto thebackbone
site
surface aminoacidswhich tendto befoundon thesurfaceof molecules
turn

Table 6.1: Prede�nedexpressionsfor selectingpartsof moleculesin amira.

184 Chapter6: Molecular Pack Introduction



Part III

VR Pack User'sGuide





Chapter 7

VR Pack Con®guration

VR Pack is anamira extensionproviding supportfor largetiled displaysaswell asimmersivemulti-
wall displayslike CAVEsor Holobenches. VR Pack supportsmulti-threadedrenderingon multi-pipe
machines,headtracking,active andpassive stereomodes,advanced3D userinteraction,soft edge
blendingandmany more. Any VRCO trackd-compatibletrackingsystemcanbeusedtogetherwith
VR Pack. Existing amira modulescanbe directly usedin an immersive environmentby meansof
3D menus.In addition,a simpleAPI is provided,allowing an Developer Pack programmerto add
displaymoduleswith a speci�c interactionbehavior. Beginning with version4.1 VR Pack canalso
be run on a graphicscluster. The particularrequirementsandlimitations of this clusterversionare
describedin aseparatesectionbelow.

Thedocumentationof VR Pack is separatedinto thefollowing parts:

� VR Pack essentials
� Flat screencon®gurations
� Immersivecon®gurations
� Calibratingthetrackingsystem
� TheVR Pack clusterversion
� Servicemanagement

� 3D userinteraction
� User-de®ned3D-menuitems
� Writing VR Pack custommodules

� AmiraVR controlmodulereference
� Con®g®le reference
� AmiraVR tutorialsanddemos



7.1 VR Pack essentials

VR Pack canbecon�guredin many differentways.A particularVR Pack con�gurationis described
in acon�g �le under$AMIRA ROOT/share/config or $AMIRA LOCAL/share/config . The
con�g �le containsthings like the physicalextent of the screensof the displaysystem,information
abouttheX displayor thepartsof thedesktopmappedontothescreens,aswell ascalibrationdatafor
thetrackingsystem.

WhenVR Pack is installedtheamira mainwindow providesanadditionalmenulabeledCon�g. This
menulists all con�g �les foundin thecon�g directory. Oncea particularcon�gurationis selected,an
VR Pack moduleis created(if therenotalreadyexistsone).Dependingontheparticularcon�guration
theVR Pack moduleallowsoneto to connectto thetrackingsystem,to calibratethetrackingsystem,
andto activateadditionaloptions.

The trackd server

VR Pack makesuseof theVRCO trackd softwarein orderto accessthe trackingsystem.However,
trackditself is not partof VR Pack. It hasto bepurchasedandinstalledseparately. For moreinfor-
mationaboutthis productpleasereferto www.vrco.com or www.mc.com/tgs .

Beforea trackingsystemcanbe usedin VR Pack the trackd server hasto be started. The server
connectsto thetrackingsystemandprovidestheactualtrackerandcontrollerdatain two sharedmem-
ory segments,which arereadby amira. In contrastto previousversionsof VR Pack, it is no longer
necessaryto manuallylink additionallibrarieslike libtrackdAPI.so into theamira lib directory.
Oncethetrackdserver is runningit canbeaccessedautomatically.

Starting amira

After VR Pack hasbeeninstalledamira canbe startedasusual. However, in orderto activatepar-
allel renderingof screensassignedto differentthreadgroups,amira shouldbe startedwith the -mt
commandline options. This option enablesmulti-threading.In orderto permanentlyactivatemulti-
threading,the environmentvariableAMIRA MULTITHREADcanbe set. In order to disablemulti-
threadingwhenAMIRA MULTITHREADis set,amira canalsobestartedwith the-st commandline
option(single-threadedmode).

Note: On SGI Onyx systemsthereareknown problemswith theOpenGLdriver relatedto theuseof
textureobjectsin differentOpenGLcontexts. If you arerenderingmorethanonescreenon a single
pipe, you shouldde�ne the environmentvariableAMIRA NOCONTEXTSHARING. This bug will
probablybe�x edin IRIX 6.5.17andhigher.

7.2 Flat screencon®gurations

A �at screencon�gurationconsistsof usuallytwo ormorescreensformingabigger2D virtualgraphics
window commonlycalledatiled displayorpowerwall. Userscaninteractwith theordinary2D mouse,
i.e., mouseeventsin the differentwindows aretranslatedandinterpretedin the 2D virtual window.
Thereis no needfor a trackingsystemin caseof a �at screencon�guration. For sucha con�guration
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theonly optionprovidedby theVR Pack controlmoduleis astereotoggleallowing theuserto enable
or disablestereoviewing. BesidesstandardOpenGLactive stereomodespassive stereomodescan
alsobecon�gured. In themostsimplecasethis is doneby de�ning two full screenwindows on two
differentchannels,onefor theleft eyeview andonefor therighteyeview. Thisparticularcon�guration
is illustratedin Figure7.1. Otherpassivestereocon�gurationsarepossibletoo,e.g.,asuper-widetiled
passivestereocon�gurationwith four channels(left sideleft eye,left sideright eye,right sideleft eye,
right sideright eye),possiblywith anoverlapregion for soft-edgeblending.

The main advantageof a �at screencon�guration is its easeof use. Thereis no needfor a tracking
system.Flat screencon�gurationsarewell suitedfor presentationstargetedto a largeraudience,e.g.,
presentationsin aseminarroomor in a lecturehall.

In the following we describesomecommon�at screencon�gurations in more detail, namely a
standard-resolutiontwo-projectorpassivestereocon�guration,a super-wide two-projectormonocon-
�guration with soft-edgeblending,and a tiled 2x2 four-channelmonitor con�guration. For some
casesalsohardwaresolutionsareavailable,namelyspecial-purposevideosplittersconvertingan in-
terlacedactive stereosignalinto separatenon-interlacedleft eye andright eye signalsfor thepassive
stereocase,or hardwareedge-blendingunits for blendedsuper-wide con�gurations. However, these
hardwaresolutionsareusuallyexpensive andless�e xible. Thereforethey areoften not suitablefor
temporarydemonstrationsor experiments.

� A two-channelpassivestereocon®guration
� A super-widecon®gurationwith soft-edgeblending
� A tiled four-channel2x2 monitorcon®guration

7.2.1 Example: A two-channelpassivestereocon�guration

For asingle-screenpassivestereoprojectionsystemtwo videoprojectorsemittingorthogonallypolar-
ized light arerequired.Oneprojectordisplaysthe left eye image,theotheronethe right eye image.
This is illustratedin Figure7.1. Both imagesareprojectedontoanon-depolarizingscreeneitherusing
front projectionor rearprojection.Observerswearsuitablelight-weightpolarizedglassessothateach
eye only seesits own image,but not theimagedeterminedfor theothereye. Without special-purpose
hardwaresucha passive stereoprojectionsystemcanbedrivenin full screenmodeevenusinga very
inexpensivelow-enddual-headgraphicsadapter(for exampleNVidia GeForce2MX TwinView).

We assumethat the dual-headgraphicscomputeris con�gured so that the left half of the desktop
is output on one channeland the right half is output on the other channel. Here is the VR Pack
con�guration�le:

#Inventor V2.1 ascii

Separator {
SoScreen {

name "Left eye view"
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Figure 7.1: Sketchof asingle-screenpassive stereoprojectionsystem.

channelOrigin 0 0
channelSize 0.5 1
tileOrigin 0 0
tileSize 1 1
cameraMode LEFT_VIEW

}
SoScreen {

name "Right eye view"
channelOrigin 0.5 0
channelSize 0.5 1
tileOrigin 0 0
tileSize 1 1
cameraMode RIGHT_VIEW

}
}

The �elds channelOriginandchannelSizeindicatethat the two windows exactly cover the left half
andthe right half of thedesktop.The �elds tileOrigin andtileSizeindicatethatbothscreensshould
displaythe full viewer window, i.e., thereis no tiling at all. Finally, the �eld cameraModeindicates
thatonescreenshoulddisplaytheleft eyeview andtheothertheright eyeview. Notethatthegraphics
computerneednot to supportactivestereofor this con�guration. In orderto changethedefaultstereo
parameterseyeoffsetandstereobalancethefollowing standardamira Tcl commandcanbeused:
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Figure7.2: Sketchof asuper-wide projectionsystemwith soft-edgeblending.

viewer 0 setStereo [-b <balance>] <offset>

Here<offset> denotesthe eye offsetand<balance> denotesthe stereobalance,i.e., the loca-
tion of thezeroparallaxplane. Dependingon the balancevalueobjectsappearto be in front of the
projectionscreenor behindit.

7.2.2 Example: A super-wide con�guration with soft-edgeblending

Super-wide imageswith two timesthe XGA- or SXGA-resolutioncanbe displayedusingtwo pro-
jectorsand a low-end dual-headgraphicsadapter(for exampleNVidia GeForce2MX TwinView).
However, oftenit is very desirableto have anoverlapbetweenthetwo projectedimages.In theover-
lap region oneimagesoftly fadesout from full intensityto black,while theotherimagefadesin from
black to full intensity. This techniqueis calledsoft-edge blending(compareFigure7.2). With soft-
edgeblendingtheborderbetweenthetwo projectedimagesbecomesalmostinvisible. VR Pack is able
to generatetwo partially overlappingimages.In addition,thesoft-edgecanbecomputedin software.
With thesefeaturesperfectfull-screendemoscanbepresentedona super-wideprojectionsystem.

We assumethat the dual-headgraphicscomputeris con�gured so that the left half of the desktopis
outputon onechannelandtheright half is outputon theotherchannel.We furtherassumethatthere
is a 20 percentoverlapbetweenthe projectedimagesof the two projectors. Here is the VR Pack
con�guration�le:

#Inventor V2.1 ascii
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Separator {
SoScreen {

name "Left half"
channelOrigin 0 0
channelSize 0.5 1
tileOrigin 0 0
tileSize 0.6 1
softEdgeOverlap [ 0, 0.2, 0, 0 ]
softEdgeGamma [ 0, 1.2, 0, 0 ]

}
SoScreen {

name "Right half"
channelOrigin 0.5 0
channelSize 0.5 1
tileOrigin 0.4 0
tileSize 0.6 1
softEdgeOverlap [ 0.2, 0, 0, 0 ]
softEdgeGamma [ 0, 1.2, 0, 0 ]

}
}

The�elds channelOriginandchannelSizeindicatethatthetwo windowsexactlycovertheleft half and
theright half of thedesktop.The�elds tileOrigin andtileSizeindicatethatbothscreensdisplayanarea
of 0.6 timesthewidth of thefull tiled window. The�rst screendisplaysthe left half of thatwindow,
thesecondscreendisplaystheright half. The�eld softEdgeOverlapspeci�estherelativewidth of the
soft-edgeregion at the left, right, bottom,andtop borderof thescreen.For the �rst screenthereis a
20 percentsoft-edgeregion at the right border, for the secondscreenthereis a 20 percentsoft-edge
regionat theleft border. Finally, the�eld softEdgeGammaspeci�esthegammafactorfor thesoft-edge
region. Thegammafactordetermineshow thefadingfrom full intensityto black is done.A gamma
factorof onemeansalineartransitionin termsof RGBvalues.However, sinceRGBvaluesareusually
not mappedlinearly to light intensityby thevideoprojectoroftena decreaseof overall light intensity
is observedin theoverlapregion. In orderto compensatefor this a gammafactorlargerthanonecan
beused.

In orderto facilitatethe initial calibrationof a super-wide projectionsystemwith soft-edgeblending
theVR Pack moduleprovidesaspecial-purposeTcl commandsetSoftEdge. Thiscommandis usedin
thefollowing way:

AmiraVR setSoftEdge -g <gamma> <overlap> [<overlap>...]

This commandautomaticallycreatesa two-screencon�guration similar to theoneabove. However,
thecorrectvaluesfor tileSize, tileOrigin, andsoftEdgeOverlaparecomputedautomaticallyfrom the
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relative overlapvalue. By graduallyadaptingthis valuethecorrectsettingsfor a givenbut unknown
setupof theprojectionsystemcanbeeasilyfound.

7.2.3 Example: A tiled four-channel2x2 monitor con�guration

Therearesomeinterestinggraphicsworkstationswith two two-channelgraphicspipes.Oneexample
is the SGI OctanceFuel. With sucha computerfour differentmonitorsor projectorscanbe used.
For somepurposesit is usefulto have a singleviewer subdividedinto 2x2 partsandeachpartbeing
displayedby a differentmonitor. Sucha con�gurationcanbeeasilycreatedusingVR Pack.

We assumethat the graphicscomputerhastwo pipeswith two channelseach. The two pipesare
con�gured as two separateX11 screens,:0.0 and :0.1 . The left and right part of eachscreen
is outputon the two differentchannelsof the particularpipe. Thenthe con�guration �les looks as
follows:

#Inventor V2.1 ascii

Separator {
SoScreen {

name "Upper left monitor"
display ":0.0"
channelOrigin 0 0
channelSize 0.5 1
tileOrigin 0 0.5
tileSize 0.5 0.5
threadGroup 0

}
SoScreen {

name "Upper right monitor"
display ":0.0"
channelOrigin 0.5 0
channelSize 0.5 1
tileOrigin 0.5 0.5
tileSize 0.5 0.5
threadGroup 0

}
SoScreen {

name "Lower left monitor"
display ":0.1"
channelOrigin 0 0
channelSize 0.5 1
tileOrigin 0 0
tileSize 0.5 0.5
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threadGroup 1
}
SoScreen {

name "Lower right monitor"
display ":0.1"
channelOrigin 0.5 1
channelSize 0.5 1
tileOrigin 0.5 0
tileSize 0.5 0.5
threadGroup 1

}
}

Sincethe two X11 screens:0.0 and:0.1 aredrivenby two independentgraphicspipesit makes
senseto performtherenderingon thesepipesin parallel.This is doneby assigningthecorresponding
screenstwo differentthreadgroups.Notethatfor all commoncurrentgraphicsarchitecturesit makes
no senseto rendermultiple windows on the samepipe in parallel. Typically, this even implies a
signi�cant performancedecrease.Therefore,herewe useonly two threadgroupsinsteadof four. In
orderto actuallyactivateparallelrenderingamira mustbestartedwith thecommandline option-mt .
Alternatively, theenvironmentvariableAMIRA MULTITHREADcanbede�ned.

7.3 Immersivecon®gurations

In VR Pack animmersivecon�gurationdiffersfrom a �at screencon�gurationmainly in theway the
screensaredescribedin thecon�g �le. While for a �at screencon�gurationit wassuf�cient to specify
which partof a big 2D virtual screenwascoveredby eachscreen,for animmersive con�guration the
truephysicalcoordinatesof thescreenshavetobespeci�ed.Knowingtheexactspatialarrangementsof
thescreenshastheadvantagethatcorrectperspectiveviewscanbecomputedfor all screens,provided
the3D positionof theobserver is alsoknown. In particular, thedifferentscreensno longerneedto be
arrangedin aplane.Instead,thescreensmightbearrangedperpendicularto eachotherlike in aCAVE
or ona Holobench. In fact,VR Pack supportsany otherobliquearrangementaswell.

Sincethe3D positionof theobserverneedto beknown in orderto computecorrectperspectiveviews
usuallytheobserver'seyepositionis trackedin animmersiveenvironment.In VR Pack thisso-called
headtracking canbeachievedusinga varietyof differenttrackingsystems.Insteadof accessingthe
trackingsystemdirectly anintermediatesoftwarelayeris used,namelythetrackdsoftwareof VRCO.
trackd runs as a server, communicateswith the tracking system,and storesthe tracking data in a
shared-memoryareaswhich thenis readby VR Pack. Usinga secondsensornot only theobserver's
eyepositioncanbetracked,but alsothepositionof avirtual wand,i.e.,akind of pointingor interaction
deviceto beheldin ahand.For largeplanarscreencon�gurationsit sometimesalsomakessenseto use
avirtual wandwithoutheadtracking.Theimagesthenwill alwaysbecomputedfor a �x edobserver's
eye position. Image�ick er dueto noisein thetrackingdatais avoided,which is anadvantagefor 3D
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demonstrationsin front of a largeraudience.

Obviously, immsersive con�gurationsaremoredif�cult to setupthan�at screencon�gurations. Be-
sidesde�ning a suitableVR Pack con�guration �le, alsothe trackingsystemandthe trackd server
haveto beproperlyinitialized. Finally, thetrackingsystemhasto becalibratedfor usewith VR Pack.
In the following sectionswe �rst want to presentsomeexamplecon�g �les for commonimmersive
environments. In particularcon�g �les for a single-wall workbench,for a double-wall Holobench,
and for a four-sidedCAVE shall be discussed.The processof calibratingthe trackingsystemand
customizing3D userinteractionis describedin subsequentsections.

� A Workbenchcon®guration
� A Holobenchcon®guration
� A CAVE con®guration

7.3.1 Example: A Workbench con�guration

A single-screen3D projectionsystemis oftencalledan immersive workbench.Theactualprojection
screencaneitherbein up-rightposition,or it canbeorientedlike thesurfaceof a table.Of course,any
otherorientationis possibletoo. Thereareevendeviceslike theBarcoBaronwith canbearbitrarily
tilted betweenfully horizontalandfully verticalposition.For VR Pack thereis nodifferencebetween
thesecon�gurations,aslongasthetrackingsystemis calibratedin theright way. Traditionallyawork-
benchis drivenby a CRT projectorusingactive stereo.However, todayalsopassive stereosystems
basedon two LCD or DLP projectorsbecomemorecommon.In thecon�g �le below we assumethat
an active stereosystemis used,or thata passive stereosystemis connectedvia an apropriatesignal
splitter. This meansthat theworkbenchcanbeusedwith any standardstereo-capablegraphicscom-
puter. No dual-heador multi-pipecomputeris necessary. An exampleof asingle-screenworkbenchis
shown in Figure7.3.

An VR Pack con�g �le for driving a single-screenimmersive workbenchwith a tracked 3D input
devicebut withoutheadtrackingis listedbelow. Insteadof actuallytrackingtheobserver'seyeposition
in this casea �x eddefault camerapositionis used.This canbeusefulfor demonstrationsin front of
smallor medium-sizegroups,sinceit producesless�dget images.In addition,it savesasecondsensor
for thetrackingsystem.

#Inventor V2.1 ascii

Separator {
SoScreen {

name "Workbench"
lowerLeft 0 0 0
lowerRight 170 0 0
upperRight 170 130 0
upperLeft 0 130 0

Immersivecon�gurations 195



Figure7.3: A single-screen3D projectionsystem.

cameraMode ACTIVE_STEREO
}
SoTracker {

server "4147:4148"
autoConnect TRUE
wandTrackerId 0
headTrackerId -1
defaultCameraPosition 85 65 140
defaultObjectPosition 85 65 0
referencePoints [ 0 0 0, 170 0 0, 170 130 0, 0 130 0 ]

}
}

In theSoScreensectionof thecon�g �le thephysicalcoordinatesof thefour cornersof theworkbench
arede�ned. This canbedoneusinganarbitraryright-handedcoordinatesystemwith arbitraryunits.
In this casethe coordinatesmight be speci�ed in centimeters.The origin of the coordinatesystem
waschosenin thelower left cornerof thescreen.By default,a full-screengraphicswindow is opened
whenactivatingthis con�guration. The�eld cameraModeindicatesthat thegraphicswindow should
beopenedin activestereomodeby default.

In theSoTracker sectionof thecon�g �le the trackingsystemis described.First thesharedmemory
ids of the trackdserver asspeci�ed in the trackd.conf�le are listed. The syntaxis id of controller
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reader:idof tracker reader. The autoConnect�eld indicatesthat a connectionto the trackdserver
shouldbeestablishedautomaticallyassoonasthecon�guration is activated.wandTrackerId denotes
thetrackdsensorid of the3D input device. Headtrackingis disabledby settingheadTrackerId to -1.
Insteadthedefault camerapositionsetin theline below is used.Thispositionmustbespeci�edusing
the samecoordinatesystemasthe screen.In this casethe camerais located140 cm in front of the
screen's center. The default objectposition is the positionwherethe sceneis placedby default (or
wheneveraview all requestcomesfrom theviewer).

At theendof thecon�g �le four referencepointsarespeci�ed,namelythefour cornersof thescreen.
Before the con�guration canbe actuallyused,the trackingsystemhasto be calibrated(seesection
7.4). This is doneby placingthe input device at the referencepointsandclicking an input button.
Oncethe trackingsystemis calibrated,the con�g �le shouldbe written by clicking the write con�g
buttonof theVR Pack controlmodule.Thenew con�g �le will containthesameinformationlisted
above,but in additionit will alsocontainsomecalibrationdata,e.g.,thetransformationbetweenraw
trackercoordinatesandscreencoordinates.

7.3.2 Example: A Holobenchcon�guration

A Holobench(TM) is a specialdisplaysystemconsistingof two screensorientedperpendicularto
eachother. Onescreenis orientedvertically, theotheroneis orientedhorizontallylike a table. On a
goodHolobenchthereis almostno visible borderbetweenthe two screens.Provided theobserver's
eye positionis known, correctperspective views canbecomputedso that thedisplayedscene�nally
doesnot appearto have any break.However, in contrastto a single-screenworkbenchthis is only the
casefor thetrackedobserver. Otherspectatorswill moreor lessclearlynoticea break.

In orderto drive a workbenchat leasta stereo-capabledual-headgraphicscomputeris required. In
principle,two differentsettingsarepossible.Either, thereis a big desktopandonehalf of it is output
on a �rst channeland the other one is outputon a secondchannel. Or, thereare two independent
graphicsadapters(pipes)which arecon�gured astwo differentX11 displaysor asonedisplaywith
two X11 screens.In thecon�g �le below we assume,that thedesktopis split into two halfs(left and
right). An exampleof how to useamulti-pipegraphicscomputeris presentedin thenext sectionwhere
a 4-sidedCAVE con�gurationis described.

#Inventor V2.1 ascii

Separator {
SoScreen {

name "Vertical Screen"
lowerLeft 0 0 0
lowerRight 180 0 0
upperRight 180 110 0
upperLeft 0 110 0
channelOrigin 0 0
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channelSize 0.5 1
cameraMode ACTIVE_STEREO

}
SoScreen {

name "Horizontal Screen (rotated)"
lowerLeft 180 0 0
lowerRight 0 0 0
upperRight 0 0 110
upperLeft 180 0 110
channelOrigin 0.5 0
channelSize 0.5 1
cameraMode ACTIVE_STEREO

}
SoTracker {

server "4147:4148"
autoConnect TRUE
wandTrackerId 1
headTrackerId 0
leftEyeOffset 6 0 0
rightEyeOffset 13 0 0
defaultCameraPosition 90 55 110
defaultObjectPosition 90 20 20
referencePoints [ 60 0 110, 120 0 110, 120 0 55, 60 0 55 ]

}
}

In thetwo SoScreensectionsof thecon�g �le thegeometryof theHolobenchisdescribedbyspecifying
the physicalcoordinatesof the four cornersof eachscreen. An arbitrary right-handedcoordinate
systemwith arbitraryunits canbe chosen.Herethecoordinatesarespeci�ed in centimetersandthe
origin wasput in the lower left cornerof the vertical screen.Notice, that the horizontalscreenwas
rotatedby 180degresswith respectto theverticalscreen.I.e.,insteadof theupperleft cornerthelower
right cornerof thehorizontalscreenis locatedat theorigin. This is becausethehorizontalimageof a
Holobenchis usuallyprojectedthatway. If thecorrespondinglowerscan-linesof thetwo imagesmeet
at theborderbetweenthetwo screensartifactsdueto delayedresponseof theactiveshutterglassesare
avoided.The�elds channelOriginandchannelSizeindicatethat thegraphicswindow for thevertcial
screenshouldbeopenedon theleft half of thedesktop,while thegraphicswindow for thehorizontal
screenshouldbe openedon the right half. Both windows areopenedin stereomodeby default as
speci�edby cameraMode.

In theSoTracker sectionof thecon�g �le thetrackingsystemis described.First thesharedmemoryids
of thetrackdserverasspeci�edin thetrackd.conf�le arelisted.Thesyntaxis id of controller reader:if
of tracker reader. The autoConnect�eld indicatesthat a connectionto the trackdserver shouldbe
establishedautomaticallyassoonasthecon�guration is activated.wandTrackerId denotesthetrackd
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sensorid of the3D inputdevice. headTrackerId denotesthetrackdsensorid of theheadsensorwhich
is usuallymountedat theshutterglasses.The�elds leftEyeOffsetandrightEyeOffsetspecifytheactual
positionof the eyeswith respectto the headsensor. Standingin front of the Holobenchthe x-axis
pointshorizontallyto theright, they-axispointsupwards,andthez-axispointstowardstheobserver.
In this casewe assumethe headsensorto be mountedon the left sideof the glassessinceboth left
andright eye have a positive offset in x-direction.Thedefault camerapositionandthedefault object
positionbotharespeci�ed in thesamecoordinatesystemasthescreens.Thedefault cameraposition
is only usedif the trackingsystemis disconnected.Thedefault objectpositionis thepositionwhere
thesceneis placedby default (or whenevera view all requestcomesfrom theviewer).

At theendof thecon�g �le four referencepointsarespeci�ed,namelyfour pointson thehorizontal
screen.Beforethecon�gurationcanbeactuallyused,thetrackingsystemhasto becalibrated(seesec-
tion 7.4). This is doneby placingtheinput deviceat thereferencepointsandclicking aninputbutton.
Thereferencepointswerechosenso thatthey canbeeasilyaccessedwith thehand.In addition,it is
importantthatthepointsarewell insidetheoperatingrangeof thetrackingsystem.Duringcalibration
theraw coordinatesof thewandsensoraredisplayed,soyou cancheckif thesevaluesarereasonable.
Oncethe trackingsystemis calibrated,the con�g �le shouldbe written by clicking the write con�g
buttonof theVR Pack controlmodule.Thenew con�g �le will containthesameinformationlisted
above,but in additionit will alsocontainsomecalibrationdata,e.g.,thetransformationbetweenraw
trackercoordinatesandscreencoordinates.

7.3.3 Example: A 4-sideCAVE con�guration

A CAVE (TM) is a moreor lessfully immersive VR displaysystemwith theshapeof a cubicalbox.
Typically thesizeof thebox is somethinglike 3 x 3 x 3 meters.Three,four, � ve,or evensix sidesof
thebox areimplementedasprojectionscreens.In this way anobserver insidethebox cancompletely
diveinto avirtual world. In orderto computecorrectperspectiveviewstheeyepositionof theobserver
needto betracked.Othernon-trackedobserverswill perceivedistortedimages,especiallyat theedges
betweentheindividualwalls. A schematicview of a3-sideCAVE is shown in Figure7.4.

TheVR Pack con�g �le listedbelow wasdesignedfor a4-sideCAVE. In orderto drivesuchasystem
four differentimagesneedto begenerated,onefor the front, bottom,left, andright wall repectively.
This canbedonefor exampleusinga two-pipeSGI Onyx system.Eachpipehastwo channels.Thus
it is ableto outputtwo differentimages.Weassumethatthereis oneX serverrunningon themachine.
The two pipesarecon�gured astwo independentX11 screens,denoted:0.0 and:0.1 . On each
X11 screenthereis a double-widedesktop.The left half andthe right half of the two desktopsare
outputby thetwo differentchannelsof eachpipe. For sucha settingtheVR Pack con�g �le looksas
follows:

#Inventor V2.1 ascii

Separator {
SoScreen {

name "Front"
display ":0.0"
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Figure7.4: Schematicview of a3-sideCAVE system.

lowerLeft 0 0 0
lowerRight 300 0 0
upperRight 300 300 0
upperLeft 0 300 0
channelOrigin 0 0
channelSize 0.5 1
cameraMode ACTIVE_STEREO
threadGroup 0

}
SoScreen {

name "Bottom"
display ":0.0"
lowerLeft 0 0 300
lowerRight 300 0 300
upperRight 300 0 0
upperLeft 0 0 0
channelOrigin 0.5 0
channelSize 0.5 1

# If the bottom image is rotated try this:
# lowerLeft 300 0 0
# lowerRight 0 0 0
# upperRight 0 0 300
# upperLeft 300 0 300

# This modifies the \amira gradient background
backgroundMode BG_LOWER
cameraMode ACTIVE_STEREO
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threadGroup 0
}
SoScreen {

name "Left"
display ":0.1"
lowerLeft 0 0 300
lowerRight 0 0 0
upperRight 0 300 0
upperLeft 0 300 300
channelOrigin 0 0
channelSize 0.5 1
cameraMode ACTIVE_STEREO
threadGroup 1

}
SoScreen {

name "Right"
display ":0.1"
lowerLeft 300 0 0
lowerRight 300 0 300
upperRight 300 300 300
upperLeft 300 300 0
channelOrigin 0.5 0
channelSize 0.5 1
cameraMode ACTIVE_STEREO
threadGroup 1

}
SoTracker {

server "4147:4148"
autoConnect TRUE
wandTrackerId 1
headTrackerId 0
leftEyeOffset 6 0 0
rightEyeOffset 13 0 0
defaultCameraPosition 50 50 100
defaultObjectPosition 50 50 0
referencePoints [

0 150 100, 0 150 100, 100 150 0, 200 150 0, 300 150 100 ]
}

}

7.4 Calibrating the tracking system

This sectiondescribeshow to calibratea tracking systemfor use in VR Pack. Here, calibration
essentiallymeans�nding thetransformationbetweentheraw trackercoordinatesandthecoordinatesin
whichthegeometryof thedisplaysystem,i.e.,thecornersof thescreens,hasbeende�ned. Calibrating
thetrackingsystemdoesnot involvechangingthetrackdcon�g �le trackd.confin any way. Insteadthe
calibrationdatais completelystoredin theVR Pack con�g �le. Usuallythetrackingsystemneedto be
calibratedonly once.A new calibrationis necessaryfor exampleif theantennaof anelectromagnetic
trackingsystemis movedwith respectto thedisplaysystem,if thescreenof a single-wall immersive
workbenchis tilted, or if a new 3D input device is usedwherethe3D sensoris orientedin a different
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way. Theonly partof thecalibrationprocesswhichonemight repeatmany atime is pickingthewand.
Picking thewandmeansto specifytheoffsetbetweentheactualpositionof the3D input device and
thevisual representationof thewandin amira. Sometimesit is usefulnot to have any offset,while
sometimesanoffsetprovidesmorepleasentlessexhaustingworking conditions.Thewandoffsetcan
bequickly adaptedevenmultiple timeswithin asingleVR Pack session.

Below thereis a completestep-by-stepdescriptionof thecalibrationprocess.Beforestartingcalibra-
tion makesurethatyouhaveavalid VR Pack con�g �le for yourparticulardisplaysystemandthatthe
trackdsoftwareandthetrackingsystemitself aresetupin theright way. In particular, make surethat
thetrackercoordinatesarereportedin a right-handedcoordinatesystem.Many electromagnetictrack-
ing systemscannotdistinguishbetweentwo oppositehemispheres.In thetrackd.conf�le you have to
specifyin which hemisphereyou wantto operate.If thewronghemisphereis speci�eda left-handed
coordinatesystemis used,whichcannotbecorrectlycalibratedin amira.

1. Makesurethatthetrackdserveris runningandthatthetrackingsystemis operating.Startamira
andchoosetheappropriatecon�gurationfrom themainwindow'sCon�g menu.

2. In theVR Pack controlmoduleconnectto thetrackingsystemif necessary. Activatethevalues
togglein orderto displaythecurrent3D coordinatesin theupperleft cornerof themainscreen.
Makesurethatthecoordinatesarechangingif youmovethe3D inputdeviceandtheheadsensor
(unlessheadtrackingis disabledin theVR Pack con�g �le). Make alsosure,that thebutton
statuschangesif youpressa buttonof the3D inputdevice.
Note: Unlessyou are in calibrationmodethe coordinatesreportedby the valuesoption are
transformedcoordinates,i.e., they arein thesamecoordinatesystemin which thescreensin the
con�g �le havebeende�ned.
Hint: If the wandtracker andtheheadtracker seemto be exchangedmodify the �elds wand-
TrackerId andheadTrackerId in theVR Pack con�g �le.

3. Click theCalibratebuttonof theVR Pack controlmodule.Youarenow in calibrationmode.A
�x ed2D controlgrid is displayedonall screens.Youarerequestedto click at the�rst reference
point. In thecurrentversionof VR Pack, thecontrolgrid is not guaranteedto matchtheactual
referencepoints. However, you couldchoosethereferencepointsin thecon�g �le to beat the
cornersof thecontrolgrid (onethird andtwo thirdsof thescreenwidth in horizontaldirection,
onehalf of thescreenheightin verticaldirection). Besidesthe numberof the referencepoint
its coordinatesasspeci�ed in thecon�g �le aredisplayedin theupperleft cornerof themain
screen.
Now movethe3D input deviceat the�rst referencepointandclick any buttonof thedevice.
Note: Make surethat the raw tracker coordinateswhich aredisplayedin theupperleft corner
of themainscreenarevalid at the referencepoint. Somedevicesjust reportzerovaluesif the
sensoris outsidethe operatingrangeof the trackingsystem. Someotherdevicesreportnon-
sensevalues,typically with largeoscillations.If youdon't getstablevaluesatareferencepoint,
choosesomeotherpoint in theVR Pack con�g �le.

4. Next you areasked to click at secondreferencepoint usingthe 3D input device. Repeatthe
aboveprocedureuntil all referencepointshavebeenlocated.
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Note: If not at leastthreedifferentreferencepointsarespeci�ed in the con�g �le, by default
theupperleft, lower left, andlower right cornerof the�rst screenareusedasreferencepoints.
You maywant to specifyotherreferencepointsor a largernumberof referencepointsin order
to improveaccuracy. Thereferencepointsmustnot lie all ononeline. However, they maywell
belocatedin a commonplane,e.g.,in theplaneof themainscreen.

5. Next, you needto align theglassesfor headtracking. However, if headtrackingis disabledin
theVR Pack con�g �le, this stepis omitted.
Align theglassesparallelto thex-axisof thescreencoordinatesystem.Usually thex-axiswill
orientedhorizontallywith respectto thefront screenof thedisplaysystem.Theup-directionof
theglassesshouldbealignedparallelto they-axisof thescreencoordinatesystem.Usuallythe
y-axis will be orientedvertically with respectto the front screen.Onceyou have alignedthe
glassesclick any buttonof the3D input device.

6. Now cameracalibrationis doneandcorrectstereoscopicimagesshouldbedisplayed.As a �nal
stepyou arerequestedto pick thewandin orderto de�ne thewandoffset. Thewandis being
displayedhalf-way betweenthe currenteye position (or the default cameraposition, if head
trackingis disabled)andthe default objectposition. Now move the 3D input device nearthe
origin of the wand(or at any otherposition)andclick any button. The virtual wandremains
stick to the3D inputdevice in exactly thatposition.Youcanrepeatthis lastcalibrationstepany
timeby clicking on thepick wandbuttonof theVR Pack module.
Hint: If you don't get a clear3D imageof the wandmake sureleft andright eye imagesare
not exchanged.If the eyesareexchangedyou get a resultwhich somehow alsolooks 3D but
which isn't comfortableto work with at all. Also make surethat the �elds leftEyeOffsetand
rightEyeOffsetaresetcorrectlyin thecon�g �le.

7. At thispoint, thecalibrationis �nished. Youmaynow wantto write anew VR Pack con�g �le
(or to overwritetheoriginal one)in orderto save thecalibrationdatapermanently. This canbe
achievedmosteasilyby pressingthewrite con�g buttonof theVR Pack module.Pressingthis
buttoncausestheamira �le browserto beactivated.You canacceptthenameof theprevious
con�g �le or choosea new one.
Whenreloadingthenew con�guration calibratedtracker datawill be generatedautomatically.
You canverify the correctnessof the calibrationprocessby turning on the valuestoggleand
moving the3D inputdeviceto oneof thereferencepoints.Thereportedvaluesshouldbealmost
thesameasthecoordinatesof thereferencepointspeci�edin thecon�g �le.

7.5 The VR Pack cluster version

TheVR Pack clusterversionis anextensionallowing VR Pack to beusedon a graphicscluster. A
graphicsclusterconsistsof multiple computersconnectedvia a network. Eachcomputercontrolsone
or morescreensof amulti-wall displaysystem.VR Pack synchronizesthedifferentnodes,andensures
thatsamesceneis renderedsimultaneouslyfrom differentperspectives.TheVR Pack clusterversion
facilitatesparallelmulti-pipe rendering. It doesnot speedup ordinarycomputationsby distributing
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them acrossmultiple nodesof the cluster. Instead,on eachnodea separateinstanceof amira is
running,with thecompletenetwork andall databeingduplicated.Changesof amira modulesmade
on themasternodewill be propagatedto theslave nodesandexecutedsynchronously. A 2D mouse
canbeusedto manipulatedataon themasternode.

Requirements:

� All data �les and scriptsmust have the sameabsolute�le path on all nodesof the cluster.
Likewise, amira must be installedat the samelocation on all nodes. For convenience,it is
recommendedto run amira from a mounted�le system.This ensuresthatthesamescriptsand
con�g �les will beusedonall nodes.

� All nodesof theclustershouldbeof thesametype. If differenthardwareis used,it is possible
that theclusterwill run out-of-syncbecauseof round-off errors.Renderingspeedis limited by
theslowestnodeof thecluster.

� All nodesof the graphicsclustermustbe ableto communicatewith eachothervia a TCP/IP
connection.A standard10 Mbit ethernetconnectionis fastenough,sinceonly synchronization
commandsareexchanged,ratherthanimagesor raw datablocks.

� The graphicscardsof the differentnodesmustbe genlockedwith a genlockcable. Currently
only asmallnumberof graphicscards(suchasWildCat or SUN Zulu boards)providegenlock-
ing. Genlockingensuresthat the video refreshcyclesaresynchronized.VR Pack itself only
synchronizesOpenGLbuffer swaps.

Limitations:

� The focusof theVR Pack clusterversionis on working in a VR environment. Consequently
all manipulationsperformedin VR mode,e.g.,via the3D menu,will beproperlysynchronized.
Ontheotherhand,currentlynotall manipulationsmadeonthemasternodevia theconventional
2D userinterfacewill besynchronized.

� Thegeneralwork �o w is to �rst createanetwork in standardmodeonthemasternode,andthen
to loadthisnetwork from �le in clustermode.Currently, youcannotcreatenew modulesvia an
object's popupmenuin clustermode,nor you caninteractively changeconnectionsvia the2D
userinterface.

� SomemodulessuchasPlanerLICor DisplayISLmake useof randomnumbergenerators.Cur-
rently, it is not ensuredthat the resultingnumbersarealwaysthe sameon all nodes. Conse-
quently, differentvisualresultsmight beobtainedondifferentnodes.

� Any kind of 2D mouseinteractionin a 3D viewer window also will not be synchronizedin
clustermode.Thusyou cannotdraw a lassoareawith the2D mouse.Mousemanipulationand
interactionareentirelydisabledonslavesnodes.

� Editorsandclip planesarenot synchronizedin clustermode.
� Loadinganew clustercon�g �le removesall visibleobjectsfrom thePool.

Running VR Pack cluster
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Thefollowing stepsarerequiredto run theVR Pack clusterversion:

1. Install VR Pack on every nodeof thegraphicsclusterunderthesameabsolutepathname,or
betteryet,createamounted�le systemwith thesameabsolutepathnameoneverynode.

2. Createa standardVR Pack con�g �le describingthe geometryof your display system.
Then add a �eld hostnamein each screensection. This �eld indicateson which node
the screenwill be rendered. The con�g �le must be storedon all nodesin the directory
$AMIRA ROOT/share/config .

3. Chooseonenodeasthemasternode.After amira installation,a daemonis startedby a service
onWindowssystemsandinetdonUnix/Linux systems.StartVR Pack onthemasterandselect
your clustercon�guration from thecon�g menu. Slave instancesof VR Pack shouldnow be
startedonall nodesspeci�edin thecon�g �le.

To usethe old -clusterdaemon option, stopthe daemon(seeservicemanagement) andreplace
step3 by thefollowing steps:

1. Chooseonenodeasthe masternode. On all othernodesstartamira with the commandline
option -clusterdaemon . With this option a little daemonis started,to which the master
processcantalk. Thedaemonautomaticallystartsaslaveinstanceof therealamira if necessary.

2. StartVR Pack onthemasternode.Thenselectyourclustercon�gurationfrom thecon�g menu.
Slave instancesof VR Pack shouldnow bestartedonall nodesspeci�edin thecon�g �le.

3. Next you can load any standardamira network script. For example,openthe online help
browseron the masternodeandchooseoneof the standardVR Pack trackingdemos. The
particularscriptwill beloadedonall slavesaswell. Onceascripthasbeenloaded,all standard
VR Pack interactionmodesareavailablein clustermodetoo.

7.6 The VR Pack service

Note: To managetheamira service,you musthave administratorprivileges(Windows)or root privi-
leges(Unix/Linux).
How to stop,start, and restart the amira service?

� OnWindowsplatforms:
During systeminitialization, a Windows serviceis started(amiraservice.exe ), which
managesthedaemon(amiradaemon.exe ).
Servicemanagementis donethroughaWindowsinterfacelaunchedvia theControlPanel(select
Administrative tools,thenServices)or with thefollowing command:services.msc /s

� To start the daemon,selectamira servicein the list, thenselectStart from the Action
menu.

� To restartthedaemon,selectamira servicein thelist, thenselectRestartfrom theAction
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menu.
� To stop the daemon,selectamira servicein the list, thenselectStop from the Action

menu.

Note: To install or uninstall the service, run the serviceinstall.exe or
serviceuninstall.exe programslocatedin the%AMIRAROOT%/bin directory.
Warning about virtual dri ves: The servicedoesnot supportlogical or network volumes.
Indeed,such virtual drives do not exist in the serviceexecution context. You must spec-
ify full paths constructedaccordingto the universal naming convention (UNC), such as
\\remotemachine\directory .
For example, to install the service from a virtual drive S: targeting a distant mount
point \\remotemachine\directory , do not launch the installer from S: , but from
\\remotemachine\directory . Then, for the samereason,the usershouldnot load
data from virtual drives becauseamira slaves cannotresolve virtual pathsunlessthey are
below %AMIRAROOT%, in which casedatapathsare re-interpretedon slaves with the local
%AMIRAROOT%.

� OnUnix/Linux platforms:
Mercury providesa full setof shell scriptsin order to managethe amira daemon.They are
locatedin thedirectory$AMIRA ROOT/setup .
Two shell scripts,install (serviceSetup.sh ) anduninstall (serviceUninstall.sh ),
are available to causethe amira daemonto be launchedor not during systeminitialization.
They requireinetd or xinetd to be installedon the machine. If neitherof theseservices
managersis available,theuserwill haveto launchtheamira daemonmanually.
Theinstallationscript(serviceSetup.sh ) cantake thefollowing parameters:

� -daemonPath< PAT H > : with thepathof thedaemon.
� -daemonExePath< PAT H > : with thepathof themainapplication.

Remark:Do notusepathswith spacecharacters.
Example:
$ cd setup
$ sh serviceSetup.sh -daemonPath /opt/Mercury/Amira40/bin/amiradaemo n
-daemonExePath /opt/Mercury/Amira40/bin/start
If inetdis running,theamira serviceis addedin theinetd.conf �le:
amira STREAMTCP nowait root /opt/Mercury/Amira40/bin/amiradaem on
-daemonExePath /opt/Mercury/Amira40/bin/start
Thenthescriptlaunchs/etc/init.d/inetd .
If xinetdis running,theamira service�le is addedin thedirectory/etc/xinetd.d :

service amira
{
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type = UNLISTED
socket_type = STREAM
protocol = TCP
wait = false
user = root
server = /opt/Mercury/Amira40/bin/amiradae mon
server_args = -daemonExePath /opt/Mercury/Amira40/bin/start
port = 17234

}

Thenthescriptlaunchs/etc/init.d/xinetd .
Two more scripts are provided for convenience (installCluster.sh and
uninstallCluster.sh ) to set up the amira service over all cluster nodes. Those
scriptstakeasparametersthenodesto which they attemptto connectthroughssh .
Example:
$ cd setup
$ sh installCluster.sh node1 node2 node3 node4
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Chapter 8

VR Pack Interaction

8.1 3D user interaction

VR Pack �at screencon�gurations,i.e., tiled displaysor power walls, canbe completelycontrolled
usingan ordinary2D mouse. However, in caseof true immersive con�gurationsthis isn't feasible
anymore. Therefore,several waysof 3D userinteractionareprovided in VR Pack. The view can
be changedusingdifferentnavigationmodes,a 3D menuis providedin orderto control modulesin
3D, andspecialobjectslike slices,selectionboxes,or 3D point probescanbe directly picked and
manipulatedusinga tracked input device. In addition,a 2D mousemodeis provided allowing the
userto controltheconventional2D mousepointerusingthetracked3D mouse.In thefollowing these
featureswill bedescribedin moredetail.

In orderto utilize 3D userinteractiona tracked3D input device with at leastonebutton is required.
By default amira only interpretsa singlebutton. Theeasiestway to make useof additionalbuttonsis
to associateTcl procedureswith thesebuttons. This is describedbelow in a sectionaboutTcl event
procedures.

� The3D menu
� User-de®ned3D menuitems
� 3D modulecontrols
� Navigationmodes
� Tcl eventprocedures
� The2D mousemode



8.1.1 The 3D menu

The VR Pack 3D menuprovides buttonsallowing the user to bring up a 3D versionof the user
interfaceof every objectin the Pool. In additionit cancontainany numberof user-de�ned buttons.
Thesebuttonscanbecon�guredmosteasilyusingtheTcl interfacedescribedin Section8.2.

By default, the menualsocontainsa button for activating the 2D mousemode. This modelets you
controlthe2D mouseusinga3D inputdevice. In thiswayalsothestandard2D userinterfaceof amira
canbeusedin a VR environment.

Thebasicshapeof theVR Pack 3D menuis shown in Figure8.1on theleft handside.Themenucan
bemanipulatedin thefollowing way:

� Initially, after activating or reloadingan VR Pack con�guration, the 3D menuis hidden. In
orderto bring up themenudouble-clickthebuttonof the3D input device. Alternatively, you
mayselectthe3D menutogglebuttonof theVR Pack controlmodule.
By default themenuwill bepositionedin theupperleft cornerof the�rst screende�ned in the
VR Pack con�g �le. You may changethe default positionby settingthe �eld menuPosition
in the tracker sectionof the VR Pack con®g®le. Thereis alsoa �eld for settingthe default
orientationof themenu.

� You canmove the menuby pointing the wandon the blue headerlabeled3D menu, clicking
the main button of the3D input device, andthenmoving the device while keepingthe button
pressed.Whenthewandis on theblueheadera yellow frameis displayed,indicatingthat this
elementhasfocus.
If youpopup themenuusingthe3D menutoggle,themenupositionwill beresetto its default.
In contrast,if you popup themenuby double-clickingthe3D mousebutton,themenuwill be
shown at its currentposition.

� In orderto hide themenuagain,click the red closebuttonat the right sideof the blueheader
element.Double-clickingthe3D input deviceagainpopsup themenuat its previousposition.

Sinceversion3.1of VR Pack the3D menuwill alsobeavailableasanordinary2D sub-menuunder
theVR menuof theamira mainwindow. The2D menuhasthesamestructureasthe3D menu,and
choosinganitemfrom the2D menutriggersthesameactionsaschoosinganitem from the3D menu.
This featureallows you to prepareandtesta 3D menuon an ordinarydesktopcomputerwithout an
attchedtrackingsystem.

8.1.2 Tracker Emulator

TheTracker Emulatorprovidesemulationof a3D positioningdevicewith two spatialsensorsandtwo
buttons. To activateit, type the word test into the tracker port of the VR Pack control moduleand
presstheconnectbutton.After thattheuserinterfacedialogof thetrackeremulatorappears.

Asmentionedbefore,theemulatoremulatestwospatialsensorsdesignatedassensor0andsensor1. For
eachof thesesensorsthepositionis changeableby threesliders,onefor eachdirection.Alternatively,
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Figure 8.1: VR Pack scenewith 3D menuon theleft and3D userinterfaceof theSurfaceView moduleon theright.

Figure 8.2: Thetracker emulatorsuserinterfacedialog.
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aswell asto reachpositionsof greaterdistancethantheslidersallow, onecantypethevaluesdirectly
into thetext entry�elds to theright of theslider.

Thesensor's rotationcanbechangedby selectingoneof themainaxesastherotationaxisandthen
further adjustingthe rotationanglearoundthis axis using the slider or the entry �eld. To perform
anadditionalrotation,simply selecta differentrotationaxisandangle. The rotationsareperformed
cumulatively. Thecurrentrotationdoesn't affecttheorientationof themainrotationaxes.Therotation
centeris alwaysthecurrentsensorposition. To setthesensor's rotationto the initial unrotatedstate,
presstheResetbutton.

In thebuttonssectiononecantoggletheemulatedbutton'sstate.As long asthecheckboxis checked,
theemulatedbuttonis ”down”. If it' sunchecked,theemulatedbuttonis ”up”.

8.2 User-de®ned3D menu items

Besidesthe default buttons,any numberof user-de�ned buttonscanbe addedto the VR Pack 3D
menuusinga Tcl script interface. This is useful for executingcertaindemosor for invoking other
specialactions. The script interfaceessentiallyconsistsof a singleglobal Tcl methodcalledmenu
which is providedby VR Pack. Calling themenumethodwith specialparametersallows theuserto
addindividual buttonsor submenusto themain3D menu.Eachbuttonor submenuhasanid. This id
canbeusedto modify theparticularelementafterwards.Whenevera buttonis pressed,a user-de�ned
Tcl procedureis invoked.

An exampleof how to createa two-level menuhierarchyis shown below. This exampleis takenfrom
the �le $AMIRA ROOT/share/demo/tracking/demomenu.hx containedin theVR Pack demosection.
Youcanexecutethatscriptin orderto seehow theuser-de�ned buttonswork.

menu reset

menu insertMenu -id 0 -text "Medical"
menu insertMenu -id 1 -text "Flow Dynamics"
menu insertMenu -id 2 -text "Reconstruction"
menu insertMenu -id 3 -text "Multi-Channel"

menu 0 insertItem -id 0 -text "CT Slices" -proc "Menu0"
menu 0 insertItem -id 1 -text "Isosurface" -proc "Menu0"
menu 0 insertItem -id 2 -text "Surface model" -proc "Menu0"
menu 0 insertItem -id 4 -text "Oblique slice" -proc "Menu0"
menu 0 insertItem -id 5 -text "Pseudo-color" -proc "Menu0"

menu 1 insertItem -id 0 -text "Wing" -proc "Menu1"
menu 1 insertItem -id 1 -text "Turbine ISL" -proc "Menu1"
menu 1 insertItem -id 2 -text "Turbine LIC" -proc "Menu1"

menu 2 insertItem -id 0 -text "Slice & Isosurface" -proc "Menu2"
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menu 2 insertItem -id 1 -text "Volume Rendering" -proc "Menu2"
menu 2 insertItem -id 2 -text "Simplified Surface" -proc "Menu2"

menu 3 insertItem -id 0 -text "Projection view" -proc "Menu3"
menu 3 insertItem -id 1 -text "Slicing" -proc "Menu3"
menu 3 insertItem -id 2 -text "Isosurface" -proc "Menu3"
menu 3 insertItem -id 3 -text "Volume Rendering" -proc "Menu3"

proc Menu0 { id } {
global AMIRA_ROOT
switch $id \

0 { load $AMIRA_ROOT/share/demo/medical/ctstac k.hx } \
1 { load $AMIRA_ROOT/share/demo/medical/isosur face.h x } \
2 { load $AMIRA_ROOT/share/demo/medical/surf.h x } \
3 { load $AMIRA_ROOT/share/demo/medical/tetra. hx } \
4 { load $AMIRA_ROOT/share/demo/medical/gridcu t.hx } \
5 { load $AMIRA_ROOT/share/demo/medical/pseudo color. hx } \
6 { load $AMIRA_ROOT/share/demo/medical/splats .hx }

}

proc Menu1 { id } {
global AMIRA_ROOT
switch $id \

0 { load $AMIRA_ROOT/share/demo/cfd/wing.hx } \
1 { load $AMIRA_ROOT/share/demo/cfd/turbine-is l.hx } \
2 { load $AMIRA_ROOT/share/demo/cfd/turbine-li c.hx }

}

proc Menu2 { id } {
global AMIRA_ROOT
switch $id \

0 { load $AMIRA_ROOT/share/demo/recon/recon01. hx } \
1 { load $AMIRA_ROOT/share/demo/recon/recon05. hx } \
2 { load $AMIRA_ROOT/share/demo/recon/recon04. hx }

}

proc Menu3 { id } {
global AMIRA_ROOT
switch $id \

0 { load $AMIRA_ROOT/share/demo/multichannel/p roject ionvie w.hx } \
1 { load $AMIRA_ROOT/share/demo/multichannel/s licing .hx } \
2 { load $AMIRA_ROOT/share/demo/multichannel/i sosurf aces.h x }
3 { load $AMIRA_ROOT/share/demo/multichannel/v oltex. hx }

}

The exampleabove give a generalideaof how to createa user-de�ned button hierarchy. The menu
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commandprovidessomeadditionalparameters.Thegeneralform of themenucommandis asfollows:

menu [submenu-id [...]] cmd [options]

Heresubmenu-id is the id of any submenu.Theroot level hasno id at all. The �rst level hasone
id, thesecondlevel hastwo ids,andsoon.

Note: In contrastto previous versionsof VR Pack now all user-de�ned buttonsareinsertedat the
mainlevel of themenu.By default,at this level therearealreadythreebuttonsde�ned:

� a buttonfor activatingthe2D mousemode(id 1000)
� a buttonfor gettinga list of all modules(id 1001)
� a buttonfor gettinga list of all dataobjects(id 1002)

You canremove thesedefault buttonsusingthecommandmenu clear . In orderto clearthemenu
andthenresetthedefaultbuttons,usemenu reset . Thecompletelist of commandsis this:

menureset
Removesall buttonsandsub-menusfrom themenuandrestoresthedefault layoutwith entries
for mousemode,modules,anddataobjects. This commandcanonly be appliedat the main
level.

menu[...] clear
Removesall buttonsandsub-menusfrom thespeci�ed menu. If appliedat themain level also
thedefault buttons(mousemode,modules,anddata)will beremoved.

menu[...] count
Returnsthenumberof entries(actionbuttonsandsub-menubuttons)in thespeci�edmenu.

menu[...] idAt index Returnstheid of theitemat positionindex.

menu[...] insertItem[options]
Thiscommandcreatesanew buttonandinsertsit into thespeci�edmenu.Thefollowingoptions
areavailable:

-id id
Speci�estheid of thenew button.

-index index
Speci�esthepositionof thenew button.If index is -1 (which is thedefault) thenew button
will beappendedat thebottomof themenu.

-text text
Speci�esthetext to bedisplayedby thenew button.

-fg ”r g b”
Speci�esthetext or foregroundcolorof thenew button.
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-bg ”r g b”
Speci�esthebackgroundcolorof thenew button.

-procproc
The nameof the Tcl procedureto be calledwhenthe button is pressed.Either an own
procedurewithoutargumentscanbeusedfor abutton.Alternatively, aprocedurewith one
argumentcanbeusedfor all buttonsin a menu.Theargumentthenis setto the id of the
pressedbutton(seeexampleabove).

menu[...] insertMenu[options]
This commandcreatesa new sub-menubuttonandinsertsit into thespeci�edmenu.Theid of
thenew buttoncanbeusedasasub-menuid for themenucommanditself. Thesameoptionsas
for insertItemcanbeused.In additionthefollowing optionis available:

-typeclasstype
If thisoptionis speci�edaspecialsub-menuwill beinsertedwhich listsall objectsof type
classtypein theamira Pool. For example,in orderto geta list of all modules(like in the
defaultmenu)youshoulduseinsertMenuwith -typeHxModule.

menu[...] changeItemid -text text
Changesthetext of anexistingbutton.

menu[...] removeItemid
Removesanactionbuttonor sub-menubuttonfrom themenu.

menu[...] connectItemid proc
Connectsabuttonto a Tcl procedure.Theprocedurewill becalledwhenthebuttonis pressed.

menu[...] disconnectItemid proc
Disconnectsabuttonfrom aTcl procedure.

8.2.1 3D modulecontrols

The3D menuprovidesa buttoncalledModules. Clicking on this buttonbringsup a list of all visible
moduleswhichcurrentlyexist in theamira Pool.Clicking onamodulebuttonbringsupa3D version
of themodulesuserinterface.This3D userinterfacelooksverysimilar to the2D userinterfaceof the
modulewhich is normallyshown in thePropertiesAreaof theamira mainwindow. An exampleof
the3D userinterfaceof theSurfaceView moduleis shown in Figure8.1.

The 3D userinterfaceof every modulecanbe moved independentlyfrom eachother like the main
3D menuitself. Again, this is doneby picking theheaderbarof themodule's GUI. TheGUI canbe
removed by clicking on the red closebutton at the right sideof the headerbar. On the left sidean
orangeviewer toggle is displayed.As in the2D interfacea displaymodulecanbeswitchedon or off
by togglingthisbutton.
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In 3D theportsof amodulecanbemanipulatedalmostin thesamewayasin 2D. Theonly remarkable
differenceis that text input is not possiblein 3D. Text �elds with numericalvalueslike the range
of a colormapport or the datawindow of an OrthoSlicemodulestill canbe changedusinga virtual
slider. This is doneby clicking into thetext �eld with thewand,andthenmoving thewandupwardsor
downwardswhile keepingthebuttonpressed.As a generalrule,every active elementshows a yellow
framewhenthewandis pointingon it, i.e.,whenit hasinput focus.

8.2.2 Navigation modes

VR Pack supportstwo differentnavigationmodes.Thedefault modeis scenemanipulation, i.e., the
whole scenecanbe rotatedandtranslatedusingthe 3D input device. This is doneby clicking with
thewandinto someemptyor insensitiveregion in space,andthenmoving thewandwhile keepingthe
buttonpressed.In this modethewholesceneremainsstick relative to theinput device.

Thesecondmodeis �y mode. Thismodecanbeactivatedby selectingthesecondentryfrom theMode
portof theVR Pack controlmodule(eitherin the2D or in the3D userinterface).In �y modeyoucan
click the3D inputdeviceatsomeinsensitivepoint,andthenmoveit in any direction.Thevectorfrom
thepoint wherethewandwasclicked to thecurrentpoint de�nes a velocity vectorwhich is usedto
modify thepositionof thecamera.Thelongerthevector, i.e., themorethewandis shifted,thefaster
thecamerais moving. In thesameway theorientationof thecamerais modi�ed by rotatingthe3D
wand.An incrementalrotationalchangeis computedby comparingthecurrentorientationwhich the
orientationat thepointwherethewandwasclickedinitially.

8.2.3 Tcl event procedures

By default,VR Pack treatsall buttonsof a3D mousein thesameway. This allowsyou to operatethe
programevenwith aone-buttonmouse.In orderto makebetteruseof a3D inputdevicewith multiple
buttons,youcande�ne specialTcl procedureswhicharecalledwhenabuttonis pressedor released.If
theseproceduresreturnthevalue1, this indicatesthattheeventhasbeenhandledby theTcl procedure
andthatit shouldnotbefurtherprocessedby amira. In particular, it thenwill notbesendto theOpen
Inventorscenegraph.Thefollowing procedurescanbede�ned:

� vrButton0Press, vrButton1Press, ...
Theseproceduresarecalledwhenthebuttonwith thespeci�ed index is pressed.By rede�ning
vrButton0Press you canoverwritethedefault interactionroutine.

� vrButton0Release, vrButton1Release, ...
Theseproceduresarecalledwhenthebuttonwith thespeci�edindex is released.

� vrButton0DblClick, vrButton1DblClick, ...
Theseproceduresarecalledwhenthe buttonwith thespeci�ed index is double-clicked. Note
thatfor the�rst click of a double-clickeventanordinarybuttonpresseventis generated.

Whena 3D mousebutton event occursandno appropriateTcl event procedureis de�ned or if this
procedurereturns0, theeventwill bepassedto thecurrentVR Pack eventhandler. Thedefault event
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handlerchecksif the3D menuor someother3D widgethasbeenclicked. If not, it sendstheeventto
theOpenInventorscenegraph.Besidesthis default eventhandlertherearealsoothereventhandlers,
namelyhandlersfor managingthedifferentnavigationmodes(examineand�y ).

If a 3D mousebutton event wasnot handledby the currentevent handler, �nally the following Tcl
procedureswill becalled,providedthey arede�ned:

� vrButton0PressFallback, vrButton1PressFallback, ...
� vrButton0ReleaseFallback, vrButton1ReleaseFallback, ...
� vrButton0DblClickFallback, vrButton1DblClickFallback, ...

Assumingthat thedefault eventhandleris active (the onewhich checksthe 3D menuandthe Open
Inventor scenegraph),you can trigger certainactionswhen the userclicks into empty space. By
default,whenthishappensoneof thenavigationmodehandlersis activated.If youwantto disablethis
featureyoucande�ne adummyvrButton0PressFallback procedurewhichalwaysreturns1.

8.2.4 The 2D mousemode

The 2D mousemodeis usefulfor accessingGUI elementswhich have no direct analogonin 3D. In
this modethepositionof theordinary2D mousepointeris controlledusingthe3D input device.

� In orderto activate2D mousemodepressthe red mousemodebutton of the 3D menu. Once
mousemodeis activatedtheamira mainwindow is poppedupautomatically.

� Youcancontrolthe2D mouseby translatingor rotatingthe3D inputdevice. Usually, rotatingit
is moreconvenientsincelessmovementis required.Thepositionof the2D mouseis computed
by determiningtheintersectionof thevirtual wandvectorwith thescreen.

� In orderto exit 2D mousemode,double-clickthe3D input deviceoversomeinsensitive region
of the 2D userinterface. Whenleaving 2D mousemodethe main graphicswindow is raised
automatically.
If the2D mousestaysin themiddleof thescreen,of course3D impressionis disturbed.There-
fore,usuallyit is agoodideato movethe2D mousein acornerbeforereturningto 3D mode.

The two Tcl proceduresAmiraVRStartMouseModeandAmiraVRStopMouseModearecalledwhen
enteringandexiting 2D mousemode. You canusethesemethodsfor exampleto popup the amira
help browser with a pagefrom which additionaldemoscan be launched. For this, the following
de�nition couldbeincludedfor examplein the�le $AMIRA ROOT/share/resources/Amira.init:

proc AmiraVR_StartMouseMode { } {
global AMIRA_ROOT
load $AMIRA_ROOT/share/usersguide/tracking.h tml

}
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In order to activate or deactivate the 2D mousemode from Tcl, the VR Pack control module
provides the commandAmiraVR enableMouseMode <value> , where<value> can be ei-
ther 0 or 1. In order to check if 2D mousemode is currently active, you can use AmiraVR
isMouseModeEnabled .

8.3 Writing VR Pack custommodules

amira canbeeasilyextendedby writing new I/O routines,datatypes,modules,andothercomponents.
Detailsaboutthisaredescribedin theDeveloper Pack User'sGuide.

In order to write custommoduleswhich provide speci�c interactionfeaturesin a VR environment,
OpenInventornodesinterpretingeventsgeneratedby the 3D input device have to be insertedinto
thescenegraph. In particular, the3D input device generateseventsof typeSoTrackerEventandSo-
ControllerButtonEvent. Thesetwo eventclasseshavebeenintroducedin OpenInventor3.0. For more
informationabouttheseclassespleasereferto theOpenInventordocumentation.amira itself provides
anadditionalclassHx3DWandBasewhich providessomeadditionalinformationaboutthevirtual 3D
wand. Among others,this classalsoallows to userto highlight the wandin order to provide some
visualfeedbackduringinteraction.

Below wepresentthesourcecodeof asampleVR Pack modulewhichjustdisplaysanumberof cubes.
Thecubesthencanbepickedandtransformedusingthe3D wand.Thesourcecodeof themoduleis
containedin the Developer Pack demopackage.The particular�les arecalledMyVRDemo.hand
MyVRDemo.cpp. The modulecan also be directly createdfrom the popupmenuof the VR Pack
controlmodule.

Hereis thelisting of theheader�le:

///////////////////////////////////////// /////// /////// ////// /////// ///
//
// Illustrates 3D interaction in a VR environment
//
///////////////////////////////////////// /////// /////// ////// /////// ///
#ifndef MY_VR_DEMO_H
#define MY_VR_DEMO_H

#include <Inventor/nodes/SoSeparator.h>

#include <McHandle.h>
#include <Amira/HxModule.h>
#include <Amira/HxPortButtonList.h>
#include <mypackage/mypackageAPI.h>

class MYPACKAGE_APIMyVRDemo: public HxModule
{

HX_HEADER(MyVRDemo);

public:
MyVRDemo();
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virtual void compute();
HxPortButtonList portAction;

protected:
˜MyVRDemo();

McHandle<SoSeparator> scene;
McHandle<SoSeparator> activeCube;

bool isMoving;
SbVec3f refPos;
SbMatrix refMatrix;
SbRotation refRotInverse;

void createScene(SoSeparator* scene);
SoSeparator* checkCube(const SbVec3f& pos);
void trackerEvent(SoEventCallback* node);
void controllerEvent(SoEventCallback* node);

static void trackerEventCB(void* userData, SoEventCallback* node);
static void controllerEventCB(void* userData, SoEventCallback* node);

};

#endif

Hereis thelisting of thesource�le:

/////////////////////////////////////////////// /////// ////// /////// ////
//
// Illustrates 3D interaction in a VR environment
//
/////////////////////////////////////////////// /////// ////// /////// ////
#include <stdlib.h>

#include <Inventor/nodes/SoCube.h>
#include <Inventor/nodes/SoMaterial.h>
#include <Inventor/nodes/SoEventCallback.h>
#include <Inventor/nodes/SoMatrixTransform.h>
#include <Inventor/events/SoTrackerEvent.h>
#include <Inventor/events/SoControllerButtonEvent.h>

#include <Amira/Hx3DWandBase.h>
#include <mypackage/MyVRDemo.h>

HX_INIT_CLASS(MyVRDemo,HxModule)

MyVRDemo::MyVRDemo() :
HxModule(HxObject::getClassTypeId()),
portAction(this,"action",1)

{
isMoving = 0;
portAction.setLabel(0,"Reset");
scene = new SoSeparator;
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createScene(scene);
showGeom(scene);

}

MyVRDemo::˜MyVRDemo()
{

hideGeom(scene);
}

void MyVRDemo::compute()
{

if (portAction.isNew() && portAction.getIndex()==0)
createScene(scene);

}

void MyVRDemo::createScene(SoSeparator* scene)
{

scene->removeAllChildren();

SoEventCallback* cb = new SoEventCallback;
cb->addEventCallback(SoTrackerEvent::getClas sTypeId (),

trackerEventCB, this);
cb->addEventCallback(SoControllerButtonEvent ::getCl assTyp eId(),

controllerEventCB, this);
scene->addChild(cb);

for (int j=0; j<4; j++) {
for (int i=0; i<4; i++) {

SoSeparator* child = new SoSeparator;

SoMatrixTransform* xform = new SoMatrixTransform;
SbMatrix M;
M.setTranslate(SbVec3f(i*3.f,j*3.f,0));
xform->matrix.setValue(M);

SoMaterial* mat = new SoMaterial;
float hue = (rand()%1000)/1000.;
mat->diffuseColor.setHSVValue(hue,1.f,.8f);

SoCube* cube = new SoCube;

child->addChild(xform);
child->addChild(mat);
child->addChild(cube);

scene->addChild(child);
}

}
}

SoSeparator* MyVRDemo::checkCube(const SbVec3f& p)
{

for (int iChild=1; iChild<scene->getNumChildren(); iChild++) {
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SoSeparator* child = (SoSeparator*) scene->getChild(iChild);
SoMatrixTransform* xform = (SoMatrixTransform*) child->getChild(0);
const SbMatrix& M = xform->matrix.getValue();

SbVec3f q;
M.inverse().multVecMatrix(p,q);
if (fabs(q[0])<1 && fabs(q[1])<1 && fabs(q[2])<1) {

if (activeCube.ptr()!=child) {
if (activeCube) {

SoMaterial* mat = (SoMaterial*) activeCube->getChild(1);
mat->emissiveColor = SbColor(0.f,0.f,0.f);

}
SoMaterial* mat = (SoMaterial*) child->getChild(1);
mat->emissiveColor = mat->diffuseColor[0];
activeCube = child;

}
return activeCube;

}
}

if (activeCube) {
SoMaterial* mat = (SoMaterial*) activeCube->getChild(1);
mat->emissiveColor = SbColor(0.f,0.f,0.f);
activeCube = 0;

}

return 0;
}

void MyVRDemo::trackerEventCB(void* userData, SoEventCallback* node)
{

MyVRDemo* me = (MyVRDemo*) userData;
me->trackerEvent(node);

}

void MyVRDemo::trackerEvent(SoEventCallback* node)
{

SoTrackerEvent* e = (SoTrackerEvent*) node->getEvent();
Hx3DWandBase* wand = GET_WAND(e);

if (activeCube && isMoving) {
if (!wand->getButton(0)) {

node->setHandled();
isMoving = 0;
return;

}

SbMatrix T1; T1.setTranslate(-refPos);
SbMatrix R; R.setRotate(refRotInverse*wand->orientation());
SbMatrix T2; T2.setTranslate(wand->origin());

SoMatrixTransform* xform = (SoMatrixTransform*) activeCube->getChild(0);
xform->matrix = SbMatrix(refMatrix*T1*R*T2);
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wand->setHighlight(true);
node->setHandled();
return;

}

if (checkCube(wand->top()))
node->setHandled();

}

void MyVRDemo::controllerEventCB(void* userData, SoEventCallback* node)
{

MyVRDemo* me = (MyVRDemo*) userData;
me->controllerEvent(node);

}

void MyVRDemo::controllerEvent(SoEventCallback* node)
{

if (activeCube) {
SoTrackerEvent* e = (SoTrackerEvent*) node->getEvent();
Hx3DWandBase* wand = GET_WAND(e);

if (wand->wasButtonPressed(0)) {
SoMatrixTransform* xform = (SoMatrixTransform*) activeCube->getChild(0);
refRotInverse = wand->orientation().inverse();
refPos = wand->origin();
refMatrix = xform->matrix.getValue();

wand->setHighlight(true);
isMoving = 1;

}

if (wand->wasButtonReleased(0))
isMoving = 0;

node->setHandled();
}

}
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Chapter 9

Large Data Pack User'sGuide

9.1 Working with out-of-coredata ®les(LDA)

The out-of-coremanagementtools allow you load andvisualizedatasetslarger thanthe amountof
RAM installedon yoursystem,aswell asconvert thesedatasetsinto LDA (LargeDataAccess)�les.
TheseLDA �les canbe usedto visualizevery large data(hundredsof gigabytes),suchasseismic
or microscopy data,using a limited amountof memory. It is possibleto convert original dataof
thefollowing types:AmiraMesh,RawData,andStackedSlices(stacksof SGI,TIFF, GIF, JPEG,BMP,
PNG,JPEG2000,PGX,PNM,andRASraster�les). LDA dataallowssubvolumeextractionto display
partsof thevolume,or multi-resolutionaccessto haveafull subsampledview or accuratere�ned local
views.

In particular, thefollowing topicswill bediscussedin this tutorial:

1. Adjustingthesizethresholdto allow conversion
2. Loadingtheout-of-coredata
3. Raw dataparameters
4. Out-of-coreconversion
5. Displayinganorthoslice,anobliqueslice,anda 3D volume

Pleasefollow theinstructionsbelow. Eachstepbuildson thestepbefore.

9.1.1 Tune the sizethresholdto allow conversion

In theEdit menu,selectthePreferencesitem. This openstheamiraPreferencesdialog. Pleaseselect
theLDA tab(seeFigure9.1). Usingtheslideror text �eld, setthethresholdto 32MB. Whenyou load
a �le of �le sizegreaterthanthis threshhold,theout-of-coredatadialogwill bedisplayed.



Figure9.1: amira Preferences,LDA settings

Note: To seethe imagesas laid out in this tutorial, you should also use the Layout tab of the
Edit/Preferencesmenu,andtoggleonshowviewer in top-levelwindow.

9.1.2 Load the out-of-core data

Pleaseopenthe �le 3DHEAD.raw using the File/OpenData... menu(seeFigure 9.2). The �le is
locatedin data/tutorials/outofcorein theamira install directory. Its sizeis slightly largerthan32MB,
right abovethede�ned threshold.

TheOut-Of-Coredatadialogis displayed.Threeloadingoptionsaredisplayed(seeFigure9.3):

� Convert to LDA: convert the�le to anLDA �le, andthenloadit.

� PRO: This builds a multiresolution�le allowing full interactiveview or local full resolu-
tion viewing.

� CON: Thiscanbetimeconsuming,with aninitial passandthenthetrueconversionpass.

� Readfromdisk: readdatablocksfrom disk,allowing almostcontinuousdiskaccess.

� PRO: No needto generateanextra �le.
� CON: Continuousaccessto disk. Slow with datasetslargerthan4GB.

� Readin memory: loadfull datainto memoryandthenaccessto memoryonly.

� PRO: Adaptedfor averagesizeddata.
� CON: RequiresasmuchRAM asyour datasetsize. Usually not applicablefor datasets

greaterthan500MBor 1GB.
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Figure9.2: Opentheout-of-coredata�le

Pleaseselect”Convert to LDA”. Then,on thenext dialog(Destination�le), specifytheLDA destina-
tion �le. 3DHEAD.ldafor instance(seeFigure9.4).

Note: An .lda�le canbeloadedthen,without any conversionrequired.

Anotheroptionallowsyou to performconversionin batchmodesoyoucanrun otherprocesseswhile
theconversionis donein thebackground.

9.1.3 Raw data parameters

As the input data is raw, please�ll in the raw dataparametersdialog with information as on the
following �gure (seeFigure9.5):

Datatypeis byte,dimension431*431*184.

9.1.4 Out-of-core conversion

During conversion,the out-of-coreconversionprogressdialog is displayed(seeFigure 9.6). This
processis donein two steps.First of all, an initial step,andthentheconversionstepat about4MB/s
(on aP42.6GHz,noSATA disk). Youcancanceltheprocessif youwish.

Theconverted�le is now in thePoolreadyto beusedandconnectedto othermodules.

9.1.5 Display an ortho slice,an oblique slice,and a 3D volume

Right-clickonthedataiconin thePool.In theDisplaysubmenuchoosetheOrthoSlicemodule.Repeat
thesestepsfor anObliqueSliceanda Voltex (3D volume). You canalsodisplaytheboundingbox of
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Figure9.3: Out-of-Coredatadialog

Figure 9.4: ChooseLDA destination�le
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Figure 9.5: Raw dataparameterspanel

Figure9.6: Out-of-coreconversionprogressdialog
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Figure 9.7: Displaymodulesadded

thefull volume.

In orderto view this scenewith thesamesettings,afterconverting3DHEAD.raw into 3DHEAD.lda
(lda �le required,with the right name)pleaseload the network 3DHEAD.hx (in the samedirectory
data/tutorials/outofcore).
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Figure 9.8: Network display
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Part V

Quanti�cation+ Pack User'sGuide





This extensionintegratestheVisilog productby Noesisinto amira. TheQuanti�cation+ Pack, with
its the wide rangeof imageprocessingtools, can be usedtogetherwith the 3D visualizationand
geometryreconstructioncapabilitiesof amira.

A setof demosis provided.For details,seethedocumentationof theVisilog module.
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