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Chapter 1

Decorvolution intr oduction

ResolveRT's decorwolution providespowerful algorithmsfor improving the quality of microscopic
imagesrecordedby 3D wide eld andconfocalmicroscopes.Two differentmethodsare supported,
namelya so-callednon-blindand a blind decomwolution method,both basedon iteratve maximum-
likelihoodimagerestoration.In the rst casea measurear computedooint spreadunction (PSF)is
required.In the secondcasethe PSFis estimatedalongwith the dataitself.

Thedecomvolutiondocumentatiofs organizedasfollows:

Generakemarksaboutimagedecomolution
Dataaquisitionandsamplingrates
Standardiecomolution tutorial

Blind decomwolutiontutorial
Beadextractiontutorial
Performancéssuesandmulti-processing

Thefollowing modulesareincluded:

BeadExtract obtaina PSFfrom abeadmeasurement
Convolution- corvolvetwo 3D images
CorrectZDrop- correctsattenuatiorin z-direction
DataPreprocesshackgroundand at eld correction
Decorvolution- theactualdecowolutionfront-end
FourierTransform computed-FT andpower spectrum
PSFGeneratecalculatesatheorecticaPSF



1.1 Generalremarksaboutimagedecorvolution

Decorvolutionis atechniqueor remaving out-of-focudight in a seriesof imagesecordedria optical
sectioningmicroscopy. Intendedto investigate3D biological objects,optical sectioningmicroscoly
works by creatingmultiple images(optical sections)of a uorescing object, eachwith a different
focusplane. However, besideghe in-focus structuresthe imagesusually also containout-of-focus
light from otherpartsof the object, causinghazeandsevereaxial blur. Thisis eventhe casefor a
confocallaserscanningmicroscopewheremostof the out-of-focuslight is removedfrom theimage
by apinholesystem Mathematicallytheimageproducedy any microscopicsystencanbedescribed
asthe corvolution of theidealunblurredimageof the specimerandthe microscopes so-calledpoint
spreadunction (PSF),i.e., theimageof anideal point light source.With theinverseof this process,
calleddecorvolution, a deblurredimageof the specimercanbe obtained provided the point spread
functionis known, or atleastcanbe estimated.

The amira decowolution modulesmainly provide two variantsof a powerful iteratve maximum-
likelihoodimagerestorationalgorithm, namelya non-blindoneanda blind one. The differencebe-
tweenthemis thatin the rst casea measurear computedooint spreadunctionis usedwhile in the
secondtasethePSFis estimatedlongwith thedataitself. Maximume-likelihoodimagerestoratiorcan
be consideredasthe de-factostandardor decowvolution of 3D optical sections.Although computa-
tionally quite expensve,the methodis ableto signi cantly enhancémagequality. At thesametimeiit
is very robustandinsensitve with respecto noiseartifacts.However, it shouldbenotedthat,although
rejectingmostof the out-of-focuslight, by no meansall of it is rejected. Therefore somenoticeable
hazeremainsin theimages.Also, theimagesretaina substantiabxial smearingn z-direction,which
cannotberemovedby ary decorolutionalgorithm.

At rst sight, one may wonderwhy both a non-blindanda blind decorvolution algorithm are pro-
vided;blind decorvolutionseemgo be moregenerabecaus¢he PSFis calculatechutomatically One
answetris that blind decowolution is computationallyeven more expensve thannon-blinditerative
maximum-likelihoodimagerestoration.The otheransweiis thatin a blind decowolution algorithma
meaningfulestimateof the PSFcanonly becomputedf severeconstraintareimposed.For example,
atrivial solutionof the blind decorvolution problemwould beanimagewhichis identicalto theinput
imageanda PSFwith the shapeof anideal deltapeak. Obviously, this solutionisn't usefulat all.
Thereforejf for exampleconfocaldatais to be decowolved,thealgorithm ts theactualPSFin such
away thatit lookslike a possiblemeasured®SFof a confocalmicroscope More preciselythe t is
constrainedo bein agreementvith the experimentalbarametergthe refractve index of the medium,
thenumericalapertureof the objective,andthevoxel sizes).Sometimeghis canleadto wrongresults,
for examplewhenthe confocalpinhole apertureof the microscopevasnt stoppeddown sufciently
during confocalimageacquisition,in which casethe microscopeactually didn't behae like a true
confocalmicroscope As a matterof factyou shouldtry which approactprovidesthe bestresultsfor
your own imagedata,blind decowolution or non-blinddecorvolution with eithera measuredr an
automaticallycomputed®SFE
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1.2 Data acquisition and sampling rates

In orderto obtainbestquality whendecomwolving microscopicimagessomefundamentabuidelines
shouldbe obeyedduringimageaquisition.Goodresultsmaybe obtainedevenif someof theseguide-
linesarenotfollowedexactly, butin generathe chancego getsatistctoryresultsimproveif they are.
Below we discusghe mostimportantrecommendations.

Adjusting the scannedimagevolume

The region of interestshouldbe centeredin the middle of the imagevolume, asthe optics of the

microscopehasusually the leastaberrationdgn this region andit helpsto avoid possibleboundary
artifacts, which can arise during the decowolution procedure. Especiallyfor wide eld datait is

importantto recorda sufciently large (preferablyempty)region belov andabove the actualsample.
Ideally, this region shouldbe aslarge asthe sampleitself. For example,if the samplecovers100
micrometerdn the z-direction,the scannedmagevolume shouldrangefrom 50 micrometersbelow

the sampleto 50 micrometersboveit.

Choosingthe right samplingrate

The samplingrateis determinedoy the pixel sizesin the x andy directionsaswell asthe distance
betweentwo subsequentptical sectionspboth measuredn micrometers.Generallyspeakingimage
decowolution works bestif the datais apparentlyoversampledj.e., if the pixel or optical section
spacingis smallerthanrequired. The maximal requiredsamplingdistance(Nyquist sampling)to

avoid ambiguitiesin the datacanbe obtainedfrom considerationin Fourierspaceyielding

b % aNAT

where denoteshewavelengthandNA is the numericalapertureof the microscope Similar consid-
erationsyield for the maximaldistancebetweeradjacenimageplanes:

%= 30 @ cos( )
wheren denotegherefractive index of the objectmediumandal pha the aperturehalf angleasdeter
minedby NA = n sin( ).

For a confocalmicroscopeboththein-planesamplingdistanceandthe axial samplingdistanceneed
to bein theoryapproximately? timessmaller However, this requiremenis far too strict for most
practical casesand even in the wide eld case,approximatelyfull lling the abore requirementss
oftensufcient.

Thetotal numberof opticalsectiongs obtainedby dividing theheightof theimagevolumeby thesam-
pling distanced, . It shouldbe mentionedhatdecomwolution alsoworksif the samplingdistancesre

Data acquisitionandsamplingrates 5



notmatchedigorously but matchingthemimprovesthechanceso getgoodresults.In generalpver-
samplingthe objectis lessharmfulthanundersamplingt, with oneexception:In the caseof confocal
data,the samplingdistancedy, shouldnotbe muchsmallerthanindicated,if theblind decowolution
algorithmor the non-blind decowolution algorithmtogetherwith a theoreticallycomputedconfocal
PSFareused.OtherwisgheunconstrainetMaximumLik elihoodalgorithmandthepredominanhoise
in thedatamight leadto unsatishctoryresults.

Black level and saturation

Before grabbingimagesfrom the microscopes camerathe light level shouldbe adjustedin sucha

way that saturatecpixels, eitherblack or white ones,are avoided. Saturatedpixels are pixels which

are clampedto either black or white becauseheir actualintensity valuesare outsidethe rangeof

representablentensities.In any case saturatiormeansa lossof informationandthuspreventsproper
post-processingr decorvolution. At the sametime, a high backgroundevel shouldbe avoidedbe-

causdt decreasethe dynamicrangeof theimagingsystemandthe decomvolution worksworse. This

meansthat emptyregionsnot shaving ary uorescenceshouldappearalmostblack. A background
level closeto zerois especiallimportantwhenbeadmeasurementreperformedn orderto extractan

experimentapoint spreadunction. Detailsarediscusseds a separatéutorial aboutbeadextraction

1.3 Standard Decorvolution Tutorial

This tutorial explainshow 3D imagedatasetscanbe decomwolvedin amira. It is asumedhat the
readeris alreadyfamiliar with the basicconceptof amira itself. If thisis notthe case,t is strongly
recommendedb work throughthe standardcamira tutorials rst. In this sectionthe following topics
arecovered:

1. Prerequisite$or decowolution
2. ResamplingameasuredPSF
3. Decorvolving animagedataset
4. CalculatingatheoreticalPSF

As anexamplewe aregoingto usea confocaltestdataset(polytrichum.am providedwith theamira
decowolutionmodules.Thedata le is locatedin thedirectoryAmira-4.1/data/decon

Loadthedatasetpolytrichum.am
Visualizeit, for example,usinga Projection\few module.

Thedatasetshaws four chloroplastsn a sporeof the mosspolytrichumcommune.

6 Chapterl: Decorvolutionintroduction
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Figure 1.1 Maximumintensityprojectionof polytrichum-psiam

Prerequisitesfor decorvolution

Besidesthe imagedataitself, for the standardnon-blind decorvolution algorithm a so-calledpoint
spreadfunction (PSF)is alsorequired. The PSFis the imageof a single point source,or asa close
approximation,the imageof a single uorescing sub-resolutiorsphere. PSFimagescan either be
computedrom theory(seebelow) or they canbe obtainedfrom measurementdn thelatter casetiny

so-calledbeadsarerecordedunderthe sameconditionsasthe actualobject. This meanghatthe same
objectivelens,thesamedyeandwavelengthandthe samemmersionmediumareused.Typically, the
imagesof multiple beadsareaveragedo obtainanestimateof a singlePSFE amira providesamodule
called BeadExtractacilitating this process.The useof this moduleis discussedn a separatéutorial
aboutbeadextraction. At this pointlet ussimply loada measuredSFrom a le.

Loadthe datasetpolytrichum-psfam
Usethe Projection\few moduleto visualizeit.

ThePSFappearsasabrightspotlocatedn themiddle of theimagevolume(Figure1.1). It isimportant
thatthe PSFis exactly centered.Otherwise the decowvolved datasetwill be shiftedwith respecto

theoriginalimage.Also, it is importantthatthe PSFfadesout to blackat theboundarieslf thisis not
the case the blacklevel of the PSFimageneedgo be adjustedusingthe Arithmetic module.Finally,

neitherthe PSFnor the imageto be decowolved shouldexhibit intensityattenuationartifacts i.e.,

imagesliceswith decreasedverageintensitydueto exessve light absoprtionin otherslices. If such
artifactsarepresentthey canberemovedusingthe CorrectZDropmodule.

Standad Decorvolution Tutorial 7
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Figure 1.2 Resamplinga PSFusingthe Resamplenodule.

Resamplinga measured PSF

Next, selectboth, the PSFandthe imagedata. You'll notice that the voxel sizesof both objects
arenot the same. It is recommendedo adjustdifferentvoxel sizesof PSFandimagedataprior to
decowolutionusingthe Resamplenodule. Thedecowolutionmoduleitself alsoaccountdor different
voxel sizes,but is doesso by usingpoint samplingwith trilinear interpolation. Thisis OK aslong as
thevoxel sizeof the PSFis largerthanthatof theimagedata.However, in our casehevoxel sizeof the
PSFis smallerthanthatof theimagedata,i.e., the resolutionof the PSFhigher Usingthe Resample
moduleprovidesslightly moreaccurateesultshere,sinceall sampleswill be Itered correctlyusing
alLanczoskernel.

Connecta Resamplenoduleto polytrichum-psfam

Connectthe Refeenceport of the Resamplenoduleto theimagedatasetpolytrichum.am
In the Modeport of the Resamplenodule,choosevoxelsize(seeFigure1.2).
Resamplehe PSFby pressinghe Apply button.

The voxelsize option meansthat the PSFwill be resampledn a grid with exactly the samevoxel
sizeasthe imagedataset, which is connectedo the Refeenceport. While the original PSFhada
resolutionof 12x 12 x 30voxels,theresampledneonly has12x 12 x 16 voxels. However, theextent
of asinglevoxel in z-directionis biggernow.

8 Chapterl: Decorvolutionintroduction



Decorvolving an image data set

After asuitablePSFhasbeenobtainedwe arereadyfor decowolving theimagedataset. This canbe
doneby attachinga Decorvolutionmoduleto theimagedata.

Connecta Decorvolutionmoduleto polytrichum.am

Connectthe Kernel port of the Decorvolution module to the resampledPSF polytrichum-
pstResampled

Oncethedecowolutionmoduleis connectedo its two input objects someadditionalparametersaeed
to be adjustedfor a detaileddiscussiorof theseparameterseealsothe referencedocumentatiorf
the Decorvolutionmoduleitself). Figure1.3 shavs thesesettings:

Border width: For decowolutiontheimagedatahasto be enlagedby a guardbandegion. Otherwise
boundaryartifactscanoccur i.e., informationfrom one side of the datacanbe passedo the other

Thereis no needto make the borderbiggerthanthe sizeof the PSE However, if thedatasetis darkat

the boundariesa smallerborderwidth is sufcient. In our case et uschoosethe bordervalueso, 0,

and8in thex, y, andz direction.

Iterations: The numberof iterationsof the decomwolutionalgorithm. Let uschoosea valueof 20 here.

Initial estimate: Speci esthe initial estimateof the decormwolution algorithm. If constis chosena
constanimageis usedinitially. Thisis the mostrobustchoice,yielding goodresultsevenif theinput
datais very noisy. We keepthis optionhere.

Overrlaxation: Overrelaxationis a techniqueto speedup the cornvergenceof theiterative decomwo-
lution process.In mostcaseghe bestcompromisebetweerspeedandquality is xed overrelaxation.
Thereforewe keepthis choicealso.

Method: Selectshetweenstandardnon-blind)andblind decomwolution. Let us specifythe standad
optionhere.

Theactualdecowolution processs startedby pressinghe Applybutton. Pleasgressthis buttonnow.
The decowolution shouldtake about1-2 minuteson a moderncomputer During the decowolution
the progresdarinforms you aboutthe statusof the operation.Also, after every iterationa message
is printedin the amira consolewindow indicatingthe amountof changeof the data. If the change
seemgo besmallenoughyou canterminatehedecomwolution proceduréoy pressinghe Stopbutton.
However, notethatthe stopbuttonis evaluatedonly oncebetweerntwo consecutieiterations.

Whendecowolutionis nished, a new datasetcalled polytrichum.decomappearsn the Pool. You
might take a look at the decorvolved databy moving the Projection\few connectiorline from poly-
trichum.amto polytrichum.decon

Calculating atheoretical PSF

Sometimedeadmeasurementaredif cult to perform,sothatan experimentalPSFcannoteasilybe
obtained.In suchcasesa theoreticalPSFcanbe usedinstead.amira providesthe module PSFGen

Standad Decorvolution Tutorial 9
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Figure 1.3 Decorvolution moduleattachedo polytrichum.am

allowing you to calculatetheoreticalPSFs.The modulecanbe createdby selectingP SFGerfrom the
CreateOtheis menuof theamira mainwindow.

Oncethe moduleis createdagainsomeparameterfiaze to be entered.The resolutionandthe voxel
sizecanbemosteasilyspeci ed by connectinghe Data port of the PSGGemmoduleto theimagedata
setto be convolved. In our case pleaseconnecthis portto polytrichum.am

In orderto generatea PSF, you alsoneedto know the numericalapertureof the microscopeobjective,
the wavelengthof the emittedlight (to be enteredin micrometers!),andthe refractive index of the
immersionmedium. In our testexamplethesevaluesare NA=1.4, lambda=0.58and n=1.516(oil
medium).Also, changethe microscopiomodefrom wide eld to confocal.

After you pressthe Apply button, the computed®SFappearsasanicon labelledPSFin the Pool. You
cancompareghetheoreticaP SFwith themeasuredneusingthe OrthoSlicemodule.You'll noticethat
themeasuredSFappeardo beslightly wider. Thisis acommonobsenationin mary experiments.

Onceyou have computeda theoreticalPSF. you can perform non-blind decowolution as described
above. However, for corveniencethe Decorvolution moduleis also ableto computea theoretical
PSFby itself. You cancheckthis by disconnectinghe Kernel port of the Decorvolution module.
If noinputis presentat this port, additionalinput elds are shawvn, allowing you to enterthe same
parametergnumericalaperture wavelength refractve index, andmicroscopicmode)asin PSFGen
After theseparameterfiave beenenteredthe decorvolution processagaincanbe startedby pressing
the Apply button.

Notethatary previousresultconnectedo the Decorvolutionmodulewill beoverwrittenwhenstarting
the decowolution processagain. Therefore,be sureto disconnecta previous resultif you wantto
comparedecoolutionwith differentinput PSFs.

10 Chapterl: Decorvolutionintroduction
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Figure 1.4 The PSFGermmodulecalculategheoreticaPSFs.

1.4 Blind Decorvolution Tutorial

Thistutorialexplainshow blind decomvolutioncanbeperfomedn amira. At thesameimeit describes
how decorvolution jobs canbe processedisingthe amira job queue.Like in the previoustutorial, it
is assumedhat the readeris alreadyfamiliar with the basicconceptsof amira itself. If not, we
recommendo work throughthe standardmira tutorials rst.

A blind decorvolution example

Let usstartby loadingaraw imagedataset rst.

Loadthe le alphalobeamfrom thedirectoryAmira-4.1/data/decon
Visualizethe datasetby attachinga Projection\few moduleto it.

The datasethasbeenrecordedusing a standard uorescencemicroscopeunderso-calledwide eld
conditions. It shavs a neuronfrom the alpha-lobeof the hone/beebrain. Comparedo the confocal
datasetusedin the standarddecorolution tutorial, alphalobeamis muchbigger It hasaresolution
of 248x 248x 256voxelswith a uniformvoxel sizeof 1 micrometer In thexy-planeof the projection
view the structureof the neuroncanbe clearlyidenti ed. However, the contrasiof theimageis quite
poor becausehereis a signi cant amountof out-of-focuslight or hazepresent.With amira's blind
decorvolution algorithmwe canenhancehe imagedatawithout needingto know an explicit PSFin
adwance.

Attacha decorvolution moduleto alphalobeam
Adjusttheparameterfike shovn in Figurel.5.

Blind DecorvolutionTutorial 11
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Figure 1.5 Parametergor blind decowolution.

Theindividual parametertave the following meaning:

Border width: Like for standardnon-blind decowolution, the image datahasto be enlaged by a
guardbandegion. Otherwiseboundaryartifactscanoccur, i.e., informationfrom onesideof thedata
can be passedo the other In our casewe only provide a small guardbandegion of 8 voxelsin

x- andy-direction. In z-directionwe do not provide ary borderbecausedhereare sufciently mary

emptyslicesbelonv andabove the actualneuron. The resultingsize of the dataarrayson which the
computationsare performedthenis 256 x 256 x 256. Because256is a power of two (28), the Fast
Fourier Transformsthe computationallynostexpensve part of the decowvolution algorithm,canbe
executedsomavhatfaster

Iterations: We choosea value of 25 here. Dependingon the data,usually at least10 iterationsare
required. With overrelaxationbeingenabledseebelow), resultsusally don't improve muchafter 40
iterations.

Initial estimate:Speci estheinitial estimateof the decowolutionalgorithm. Sincethereis not much
noisepresentin the original alphalobeimagesit is safeto choseinput data here. This causeghe
algorithmto corvergeevenfaster

Overrlaxation: Overrelaxationis a techniqueto speedup the corvergenceof the iterative decomwvo-
lution processWe enableoverrelaxatiorby chosingthe xed toggle. Regularization: We chosenone
herein orderto do noregularization.

12 Chapterl: Decorvolutionintroduction
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Figure 1.6 Dialog for submittinga decomwolution job.

Regularization: We chosenoneherein orderto do no regularization.
Method: We choseblind herein orderto selectthe blind decorvolution algorithm.

PSFParametes: For alphalobeamthe numericalaperturds 0.5,thewavelengthis 0.58 micrometers,
andtherefractive index is 1.33 (water). Theseparameterarerequiredin orderto apply certaincon-
straintsto the estimatedpoint spreadiunction. They arealsousedin orderto computeaninitial PSFE
If adatasetwould be connectedo the Kernel port of the decowolution module,this datasetwould
be usedastheinital PSFwith the given PSFparameterstill actingasconstraints.For example,you
couldprovide ameasuredPSFandlet it be tted to theactualdataby the decowolutionalgorithm.

Microscopicmode:alphalobeamis awide eld dataset,soselectthis optionhere.

Submitting a decorvolution job

After all parametersiave beenenteredthe decomwolution processcanbe started.On a moderncom-
puter, blind decowvolution of our testdatasetroughly takesabout20 minutes.Especially if you want
to decomvolve multiple datasetsatonceit is inconvenientto dothisin aninteractive sessionTherefore
multiple decorvolutionjobscanbesubmittedo theamira job queueandthen,for example processed
overnight. Thisworksasfollows:

PresgheBatch Job buttonof the Actionport. A dialogasshown in Figure1.6 popsup.

In the dialog choosea le nameunderwhich you wantto save the decowolved dataset, e.g.
C:/Temp/alphalobe-deconv.am

Modify thetext eld, sothatcheckpoint les arewritten afterevery 5 iterations.

Checkpoint les are usedto storeintermediateresults. With the abore settingsthe decowvolved
datais written into a le after every 5 iterations. Check point les are namedlike the nal

result, but a consecutie numberis insertedjust before the le namesufx. For example, if

the result le nameis C:/Temp/alphalobe-deconv.am , the check point les are named
C:/Temp/alphalobe-deconv-0005.am , C:/Temp/alphalobe-deconv-0010.am and
soon. Now we arereadyto actuallysubmitthe batchjob.

Blind DecorvolutionTutorial 13
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Figure 1.7: Theamira job dialogshaving a pendingdecowolution job.

Pressthe Submitbutton of the decowolution dialog. After a few secondghe amira batchjob
dialogappearscompare-igurel.7.

Selectthedecowolution job andpressthe Startbutton.

You now have to wait about20 minutesuntil the decorvolution job is nished. Oncethe job queue
hasbeenstarted,you canquit amira. The batchjobswill be continuedautomatically If amira is

still runningwhenthe decorvolution job exits thenthe resultwill be loadedautomaticallyin amira.

Otherwiseyou have to restartamira andloadthe decowvolveddatasetmanually

1.5 BeadExtraction Tutorial

Non-blinddecowolutionis apowerful androbustmethodfor enhancinghequality of 3D microscopic
images.However, the methodrequiresthattheimageof the point spreadfunction (PSF)responsible
for imageblurring is provided. As statedin the standardiecovolution tutorial, the PSFcaneither
be calculatedheoreticallyor it canbe obtainedfrom a beadmeasuremeniamira providesa special-
purposemodulecalledBeadExtracivhichfacilitatestheextractionof PSFmagedrom oneor multiple
beadmesurementdn this tutorial the useof the moduleshallbe explained. Thefollowing topicsare
covered:

1. Beadmeasurements
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2. ProjectionView andProjectionView Cursor
3. Resamplingandaveragingthe beads

Beadmeasuements

The PSFis theimageof a singlepoint sourcerecordedunderthe sameconditionsasthe actualspec-
imen. It canbe approximatedy the imageof a uorescing sub-resolutiommicrospherea so-called
bead. Performinggoodbeadmeasurementequiressomepracticeandexpertise. In orderto obtain
goodresultsthe following hintsshouldbe obeyed:

1. Use appropriatebeads. It is importantthat the beadsize be smallerthan approximatelyl=2
full width at half maximum(FWHM) of the PSE Good sourcedfor obtainingbeadssuitable
for PSFmeasurementreMolecularProbeghttp://www.probes.com/ ) or Polysciences
(http://www.polysciences.com/ ).

2. Thebeadanustbesolid. Besidessolid beadstherearealsobeadswith the shapeof a spherical
shell,allowing to checkthefocusplaneof a mircoscope Suchbeadsannotbe usedasa source
for PSFgeneratiorin the currentversionof amira.

3. Don'trecordclustersof multiple beads Sometimesnultiple beadsnaygluetogetherappearing
asasinglebig bright spot. Computinga PSFfrom sucha spotobviously leadsto wrongresults.

4. Notethatbeadsarenot resistantto a variety of embeddingnedia. In particularbeadswill be
destrgedin xylene-base@mbeddingnediasuchas Permount(FisherScienti ¢) and methyl
saligylate (frequentlyusedto clearup the tissue).As a substituteyou might useimmersionoil
insteadwhich hasarefractive index similarto methylsaligylate,for example.

5. Sampleandbeadsshouldalwaysbeimagedascloseto the coverslipaspossible Whenit is not
possibleto attachthe sampleto the coverslip,the beadsshouldalsobeimagedin acomparable
depth,embeddedn the samemountingmedium. Imaging the beadswith betterquality than
the samplewill yield a slightly blurreddecowolution result. However, whenthe PSFusedfor
decorvolutionis too wide, artifactscanariseduringdecowolution.

The objective lenseshouldalways be selectedaccordingto the mountingmedium,i.e. if the
sampleis attachedo the slide andembeddedn a buffer of refractve index closeto water a
severelossof imagequality canbe expectedwhenusingan oil-immersionobjective without a
correctioncollar. Decorvolution of properlyimageddatawill allwaysbe supperiorto decomwo-
lution of datasuffering from aberrations.

6. Problemsoccurif the mountingmediumremainsliquid. In that casethe sampledistribution
may not be permanent.If your specimeris to be embeddedn water you cantry to immerse
thebeaddn anagaroseyel of moderateconcentrationnstead. Attachingthe smallbeadgso the
coverslip(for exampleby letting themdry) is oftenalsosuf cient for immobilization.

An exampleof animagedatasetcontainingmultiple beadsis providedin the le beads.amnin the
directoryAmira-4.1/data/decon
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Figure 1.8 Individual beadscanbeinteractvely identi ed usinga Cursor module.

Loadthedatasetbeads.am
Visualizethedatausinga Projection\few module.

Projection View and Projection View Cursor

Thebeaddatasetcontains ve differentbeadsvhich canbeclearlyseenin thethreeorthogonaplanes
of the Projection\few module. In orderto obtaina singlePSFwe rst wantto selectseveral “good”

beads. Thesebeadsare then resampledand averaged,thusyielding the nal PSE A beadcanbe
consideredas“good” if it is clearly visible andif it is not superimposedy otherbeads(evenwhen
defocused),

Selecting‘good” beadss aninteractive processlt is mosteasilyaccomplishedisingthe Projection-
View's Cursormodule. This moduleallows you to selecta pointin 3D spaceby clicking on one of

the threeplanesof the Projection\few module. The third coordinateis automaticallysetby looking

for the voxel with the highestintensity Pointsselectedwith the Cursor modulecan be storedin a
LandmarkSetlataobject.

Attacha Cursor moduleto the Projection\ifew module.

Click onary beadon oneof thethreeplanes.

Storethe currentcursorpositionin a LandmarkSebbjectby pressinghe Add button.
Selectandaddsomeotherbeadgoo.

The landmarksneednot to be locatedexactly at the centerof a bead. The exactcenterpositionscan
be tted automaticallylateron.

You canremove incorrectbeadpositionsfrom the landmarksetby invoking the landmarkseteditor.
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In orderto activatethe editor, selectthelandmarksetobjectandpressLandmarkEditor button. If you
wantto addadditionalbeadpositionsto anexisting landmarksetobject,make surethatthemastemport
of thelandmarksetobjectis connectedo the Cursor module. Otherwise a new landmarksetobject
will becreated.

Resamplingand averaging the beads

Now we arereadyto extractandaveragethe individual beads.This is doneby meansof the BeadEx-
tractmodule.

Connecta BeadExtact moduleto the Landmarkbject.

Make surethat the Data port of BeadExtact is connectedo the beaddatasetbeads.am If
thelandmarksarestill connectedo the beadsvia the Cursor and Projection\few modulesthe
connections establishedutomatically

The BeadExtact moduleprovidestwo buttonscalled Adjustcentes and Estimatesize which should
beinvokedin a preprocessingtepbeforethe beadsareactuallyextracted.

The rst button (Adjustcentes) modi es the landmarkpositionsso thatthey arepreciselylocatedin
the centerof gravity of theindividual beads.

The secondbutton (Estimatesizg computesan estimatefor the numberof voxels of the PSFimage
to be generated.This buttonis only active if no PSFimageis connectedasa resultto BeadExtact.
If thereis a resultobject,the resolutionand voxel sizesof the resultare usedandthe port becomes
insensitve.

Any of theactionsof thetwo preprocessinguttonscanbe undoneusingthe Undobutton. This canbe
necessarfor exampleif two beadsaretoo closesothatno correctcenterpositioncouldbe computed.
In generalpverlapsbetweemeighboringbeadsshouldbe avoided. Small overlapsmight betolerated
becaus&uringresamplingntensitiesareweightedaccordingo thein uence of surroundingbeads.

Performthe preprocessingtepsAdjustcentes andEstimatesize
Computearesampledindaveraged® SFby pressinghe Apply button.

The datatype of theresultingPSFwill be oat, irrespectve of the datatype of the inputimage. The

individual beadswill be weightedon a pervoxel basisand addedto the result. No normalization
will be performedafterwards. You mayinvestigateheresultingPSFimageusingary of the standard
visualizationmodules.In Figure1.10avolumerenderingof theresultingPSFis shown.

In somecases/ou maywantto averagemultiple beadsecordedn differentinput datasets.This can
be easilyachiered by creatinga Landmarksobjectfor eachinput dataset. For the rst input dataset
extractthe beadsasdescribedabove. For the otherinput datasetalsousethe BeadExtact module.
However, make surethatthe PSFobtainedfrom the rst input datasetis connectedisa resultobject
to BeadExtact beforepressingthe Apply button. In orderto usean existing PSFasa resultobject
connectthe Master port of the PSFto BeadExtact (oncethis is donethe Resolutionand Voxel size
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Figure 1.9 The BeadExtact moduleresamplesndaveragesnultiple beads.

portsof BeadExtact becomeinsensitve, seeabove). If an existing resultis usednew beadssimply
will be addedinto the existing dataset. Thereforedatasetshouldbe scaledin intensityaccordingto
their quality prior to beadextractionand summationto obtaina suitableweightingof the individual
extractedbeadsn the nal result.

Figure 1.1Q0 The nal PSFvisualizedusinga \oltex module.
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1.6 Performanceissuesand multi-pr ocessing

Iterative maximum-likelihood decomwolution essentiallyis the most powerful and mostrobust tech-
niquefor therestorationof 3D optical sections.However, it is alsocomputationallyvery demanding.
It cantake several minutes(sometimeeven hours)to procesdarge 3D datasets. This is not duean
improperimplementationput dueto the algorithmitself. Both the blind andthe non-blindvariantof
themethodrely heavily onfastFouriertransformsn orderto ef ciently computecorvolutions.If you
wantto improve performancetry to adjustthesizeof your datavolumessothatthe numberof voxels
plustheborderwidth is a power of two. Sometimedt is worthit to enlagetheborderwidth alittle bit
in orderto getapower of two. Althoughthealgorithmworkswith dataof ary size,powersof two can
betransformedomevhatfaster

Anotherissueis memoryconsumption.nternally, several copiesof the datasetneedto be allocated
by the decorvolution algorithm. Thesecopiesshouldall t into memoryat the sametime (a speci c
variantof the algorithmsuitablefor working underlow memoryconditionswill beprovidedin alater
version). Besidesthe input dataitself, the following numberof working arraysare requiredby the
differentmethods:

3 working arraysfor the non-blindalgorithmwith no or with x edoverrelaxation
5 working arraysfor thenon-blindalgorithmwith optimizedoverrelaxation
5 working arraysfor theblind algorithm

The numberof voxels of a working arrayis the productof the numberof voxels of the input data
setplusthe borderwith alongeachspatialdimension. The primitive datatype of a working arrayis

a 4-byte oating point number For example,if the numberof voxels of the input datasetplus the
borderwidth is 256 x 256 x 256 (asfor the alphalobeamdatasetin theblind decowolutiontutorial),
eachworking arraywill be about64 MB, irrespectve of the primitive datatype of the input dataset.
Thereforeat least192 MB (3x4x256x256x25 bytes)are requiredfor non-blind decorvolution with

x ed overrelaxationand 320 MB (5x4x256x256x86 bytes)for blind decorvolution. Keepthisin

mind whencon guring the computeron which to performdecowolution! However, alsonotethatfor

mostplatformsit usuallydoesnt make senseo have morethan1.5 GB of mainmemory For more
memorya 64-bit operatingsystemis required.

Finally, it shouldbe mentionedthat the decorvolution algorithm canmake useof a multi-processor
CPU board. Although you do not gettwice the performanceon a dual-processoPC, a speed-upf
almost1.5 canbe achieved. By default, amira usesas mary processorsas thereare on the com-
puter If for somereasonyou want to uselessprocessorg/ou can set the environmentvariable
AMIRADECONWUMTHREADSO the numberof processoryou actually want to use simultane-
ously.

Performanceassuesand multi-processing 19
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Chapter 2

Working with Multi-Channel Images

This is a step-by-stefutorial on how to visualizemulti-channelimagedata. To follow this tutorial
you shouldbefamiliar with the basicconceptof amira. In particularyou shouldbeableto load les,

to interactwith the 3D viewer, andto connectdisplay modulesto datamodules.All theseissuesare
discussedh the gettingstartedsection.

We aregoingto load a setof multi-channelimagesinto the workspace attacha MultiChannelkeld
groupobjectto the data,andvisualizeit with severaldisplaymodules.Thestepsare:

. Loaddatainto amira.

. Createa MultiChannelFeld andattachchanneldo it.

. Using OrthoSlicewith a MultiChannelReld.

. Using Projection\iew with a MultiChannelReld.

. Using Voltex with a MultiChannelkeld.

. Saving multi-channeimagesn asingleAmiraMesh le.

O U WN P

2.1 Loading Multi-Channel Imagesinto amira

Thedatawe will beworking with in thistutorial areconfocalstacksof the prothoraciaganglionof the
locustLocustamigratoria. They werekindly providedby Dr. Paul StevensonUniversity of Leipzig,
Germayry. Two differentchannelsvererecordecandstoredasseparateles.

amira supportsa numberof proprietarymulti-channelformatsof several microscopemanugcturers
(e.g.,LeicaandZeiss).In suchformatsall channelsarestoredin asingle le. Thereforethe rst steps
describedn this tutorial, namelygroupingthe channelsnanually canoftenbe omitted.

Loadchannell databy selectingthe le /data/multichannel/channell.info



Figure 2.1 Dataobjectsareconnectedo the MultiChannelkeld objectwith aright mouseclick on thewhite squarendicated
by thearraw.

LoadchanneR databy selectinghe le /data/multichannel/channel2.info

Createa MultiChannelReld objectby selectingMultiChannelkeld from the Createmenuof the
amira mainwindow.

A darkgreeniconis displayedn thePool. After you selectthe object,aninfo portis displayedsaying
"no channelconnected”.

Connectchannell.infdo the MultiChannelRkeld by selectingChannell' from the MultiChan-
nelReld's connectiormenu(right mouseclick in thesmall eld ontheleft sideof theicon)and
releasingt onthechannell.infacon.

Repeathe above procedurewith channel2.info

Whenthe MultiChannelReldis selectedyouwill notethattwo entrieschannell andchannel2, appear
in themodulescontrolpanel.Eachentryhastwo rangetext elds andacolormaparea.Therangetext
elds work very muchlike thosein OrthoSlice Presgheright mousebutton over the colormaparea
to bring up acontext menuthatwill allow youto connecia colormap editthe colormap,andsoforth.
If constantcolor is selecteddoubleclicking in the colormapareapopsup a color dialogthatletsyou
freely de ne thecolor of eachchannel.

Now perhapst is a goodideato activatethe pins correspondingo Channell andChannel2 in the
PropertiesArea. This will keepthe control elementsf the MultiChannelkeld modulepermanentn
thePropertieArea.

2.2 Using OrthoSlice with a MultiChannelField

Connectan OrthoSlicemoduleto the MultiChannelFieldby right clicking on theicon andse-
lecting OrthoSlicefrom the context menu.

Whenselectingthe OrthoSlicemodule,you will seethattherearetwo additionalcheckboxesin its
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Figure 2.2 Whenconnectedo a MultiChannelkeld objectthe OrthoSlicemodulehasadditionalcheckboxescorresponding
to thenumberof connecteathannels.

controlpanelcorrespondingp thetwo channelsClicking thesecheckboxesletsyouselectvely switch
on/off eachchannel.First,we adjusttheintensitymappingof eachchannekeparately

Switchoff channeR by deselectingts checkbox.
Enter23and200in themin andmaxrange elds of channell.

As aresult,weakstainings-potentiallyunspeci cstaining— disappeaandthosestructureghatexhibit
goodstainingbecomesvenmoreintense.

Click off channell andclick on channekwo.

Enterthevalues8 and200in themin andmaxtext elds of channeR. Move throughtheslices
to seetheresults.

2.3 Using ProjectionView with a MultiChannelField

Switchoff the OrthoSliceby clicking onthe viewertoggleof its icon (orangerectangle).

Connecta Projection\few moduleto the MultiChannelFieldby right clicking on the icon and
selectingProjection\few from the Display submenu.

As with the OrthoSlice two new checkboxesareshown in the modules control panelwhich canbe

usedto displaychannelseparatelyr simultaneouslyln this way you mayef ciently adjustthecolor
andintensityof eachchannebeforedisplayingthemsimultaneously

Using Projection\few with a MultiChannelkeld 23
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Figure 2.3 Multi channeldatavisualizedusingthe OrthoSlicemodule.

Figure 2.4 Multi channeldatavisualizedusingthe Projection\tew module.
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Figure 2.5 Multi channeldatavisualizedusingthe Voltex module.

2.4 Using Voltex with a MultiChannelField

Switchoff the Projection\few by clicking on the viewer toggleof its icon (orangerectangle).

Connecta Voltex moduleto the MultiChannelFieldby right clicking on theicon andselecting
Voltex from the Display submenu.

Herealso,two channekheckboxesareavailable. Furthermorethefamiliar colormap eld is missing.
Insteadhereis asliderlabelledGamma Now thecolorof eachchannels determinedy thatde nedin
the MultiChannelReld andthe Gammaslider controlsthe steepnesef the alphavalue(opacity)map-
ping usedfor volumerendering.Becausevolumerenderingmakesintensie useof hardwaretexture
mappingandmostconsumegraphicsadapterarelimited in texturememorysize,it is recommended
to enteratleastfactorsof 2 2 1 in the Downsampléext elds of the Voltex module.

Presghe Applybutton.

Eachtime you wantto displayanotherchannelyou mustpresshe Applybuttonagain.

2.5 Saving a MultiChannelField in a Single AmiraMesh File

Whenthe MultiChannelFkeld iconis selectedn the Pool, chooseSaveData As from the File menu,
entera lename, andclick OK. The datawill be storedin AmiraMeshformat so thateachtime you
loadthe datathe two channektacksandthe MultiChannelkeld groupobjectwill berestored.

Using \Woltex with a MultiChannelReld 25
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Chapter 3

SkeletonTutorial

This is a step-by-stefutorial on how to useLarge Disk Datato analyzemicro-vasculametworksin
humanbraintissue. To follow this tutorial you shouldbe familiar with the basicconceptof amira.
In particularyou shouldbe ableto load les, to interactwith the 3D viewer, andto connectdisplay
modulesto datamodules All theseissuesarediscussedh the gettingstartedsection.

We aregoingto load4 overlappingbricksof alarge datasetThegoalis to mergethesebricksinto one
large volume (Large Disk Data). The volumewill be storedon disk only — subvolumescanbeloaded
into memory Somebasicoperationsandirectly be appliedto thelargevolume.

For the tutorial you shouldhave accesgo a directoryto which you're allowedto write les.

We don't provideary TIFF datawith thistutorial. Hopefullyyou have a coupleof blocks(AmiraMesh
format)to testthe algorithmon. Generallyit is a goodideato import theminto amira andspecifyan
approximateboundingbox nearthe correctposition.

3.1 Importing your Image Data

You shouldhave your imagedataas stacksof numbered2D images. The topmostslice shouldhave
the lowestnumber File formatsrecognizedy amira canbe foundin the File Formatssectionof the
usersguide.A goodchoiceis TIFF becausé provideslosslescompressiomndis readableon mary
differentsystems.

You shouldalsoknow the positionin 3D of the lower left front cornerof the brick you're goingto
importandthevoxel size.

ChooseFile/OpenData... A File Dialogpopsup. Youcannow selectall of the2D imagescomprising
thebrick. After you pressLoad, anothedialog popsup:



Enterthe positionandthe voxel sizeof your block. After you pressOK, the les areloadedinto one
block. A new greeniconwill appeain thePool. Selectit andselectrile/SaveData As...to storeit on
disk. Nameit 1ta.am In this way you shouldproceedwith all of your data.

3.2 Arranging the Bricks

After importingyour data,you shouldcopy the les to anotherdirectorywhereall the processingyill
be done. In this way the original datais not touchedandyou canrevert backto it if somethinggoes
wrong.

amira hasa specialdataobjectto storelinks to les on disk andarrangethemin 3D. It is called
Mosaic

Createa Mosaicby selectingMosaicfrom the Create/Skletonmenuof theamira mainwindow.

A greenicon appears.Whenyou selectit you seethatit containsno bricks. The buttonsbelow the
info line areusedto adddataobjects.

Presgheadd les button.
Select the les, e.g 1lta.am, 1ltb.am, 2ta.am, 2tb.am in the directory

$AMIRA ROOT/data/tutorials/skeleton . You can select multiple les at once
by clicking onthe rst oneandshift clicking onthelastone.
Presd oad

Theselectedles areaddedo theMosaic. Thelnfo portshavs the overallnumberof the bricksadded
upto now. You canvisualizethe brickswith the DisplayMosaianodule.

28 Chapter3: SleletonTutorial



Create a DisplayMosaic module by right clicking on the Mosaic and selecting Slele-
ton/DisplayMosaidrom the context menu.

Selecttheyellow DisplayMosaidcon andswitchthehighlightedbrick by draggingthesliderin
theinterationarea.

SavetheMosaic.

3.3 Aligning Bricks

A specialmoduleallows to exactly alignthe bricksbasedn their gray values.

Attachan AlignBlocks moduleto the Mosaicby selectingSleleton/AlignBlo&sin thedatacon-
text menu.

If yousavedthemosaicalreadyits lename appearsn Mosaichame
Presghe Applybuttonto startthe processing.

A maximumintensity projection(mip) of eachblock is computed. Thesemips are alignedandthe
resultingtransformationsreappliedto the brickson disk.

3.4 Filtering, Correcting Z-Dr op, Resampling

It is possibleo applythesameoperatiorto all thebricksatonce.To dothisyou mustcreateatemplate
for this operation.This couldeitherbe onebrick with aneditor(e.g. Digital ImageFilters attachedbr
acomputemodule(e.g. Resample We're goingto demonstratéhesetwo examplesnow. But rst we
shouldcorrectfor the Z-Drop:

Loadonebrick of the mosaicby usingthe File/OpenData... menu.
Attacha Decorv/CorrectZDropmoduleto the brick.
PressApplyto startthe correctionprocedureandchecktheresult.

Attachan Apply Template BMosaicscript objectby right clicking on the Mosaicandselecting
Applyemplatefrom the Skeletonsubmentun the context menu.

Attach the Templateconnectionof the ApplyTemplate®Mosaicmoduleto the CorrectZDrop
module.

SelectApplyTemplate®MosaicandpressApply.
Next we're goingto applyadigital Iter to all blocks:

Loadonebrick of the mosaicby usingthe File/OpenData... menu.
Selectthe dataicon of the brick.
Attacha Digital ImageFilter by pressinghe Digital Filters buttonin the PropertieArea.
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SelectGausdrom theFilter port,andapplyit. To checktheresultsyoucanattachanOrthoSlice

Attachthe Templateconnectiorof the Apply Template ®Mosaicmoduleto the Iter object(with
thedataattached).

SelectApplyemplate®MosaicandpressApply.

Anotheruseful lter might be Median2Dor the Median3D For Median3D selectMedianfrom the
rst pulldown menuof theFilter port,and3D from the secondoulldown menu.Theapplicationof the
latter Iter takessometime but leadsto goodresults.

Thescriptobjectstartsto loadeachbrick of themosaic appliesthe lter toit, andwritesit backto the
samedocationon disk. Thele are no warningsaboutthis overwrite

In the next stepwe're goingto resamplesvery brick to anisotropicvoxel size. Thisis only anoptional
stepandmight leadto smoothercentrallinesin the following processingBut it increasesizeof the
dataon disk by a factorof aboutthree. You shouldcarefully considerwhetheryou wantto perform
this stepor not.

Attach a Resamplenoduleto the brick loadedbeforeand selectMode: voxel sizeand adjust
\oxelsize:zto getanisotropicresult.

PressApplyto starttheresamplingprocedureandchecktheresult.

Attachthe Resamplanoduleto the Templateconnectiorof the ApplyTemplate ®Mosaicmod-
ule.

PressApply of the ApplyTemplate®Mosaicmodule.

All bricks areresampledaindsaved to the sameposition. It is a goodideato sampleall bricksto an
isotropicvoxel size. It improvestheresultof the distancemapandthe skeletonizationwe're goingto
apply.

As astandargre Itering procedureyou should:

Apply the ZDropCorrection.
Apply a2D median lter .
Apply a3D Gaussianlter with asmallsigma(1 or smaller).

If theresultsarenot satishctory you shouldtry to extendthe pre Itering step.

3.5 Creatingthe LargeDisk Data

Thenext stepis to createa new Large Disk Dataobjectandsamplethe bricksontoit. Theoverlapping
regionscanbe blendedwith eachotherandabordercanbe added.

Note: Thethinning algorithmexpectsa black borderaroundthe data. The bordershouldbe at least
of sizelenOfEndsusedduring thinning (seebelaw). By defaulta borderof 15 voxelson eachsidein
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eachdimension Be sureto checkthisif you manuallysetlenOfEnds

Attacha MosaicoLamgeDiskDatao the Mosaichy right clicking on the Mosaicandselecting
Sleleton/MosaicdlLargeDiskDatafrom the submentin the context menu.

Selectthered MosaicToLargeDiskDatdcon.
You canseesomeoptionsin the PropertieArea. Thedefaultoptionsare ne for thetutorial.

A default lename derivedfrom the mosaicis displayedin the Filenameport. You might want
to overrideit.

Presghe Applybutton.

A new greenicon which representshe new dataobjectwill appeaiin the Pool. After this the bricks
will beloadedoneaftertheotherandwill be sampled.This maytake sometime.

Selectthe new greenicon (titled Image).
In the PropertieAreasomeinformationaboutthe datastoredon disk is displayed .Next,

Deleteor switch off the DisplayMosaianodule.
Connecta BoundingBoxto the Mosaicicon.
Connecta BoundingBoxto the Imageicon.

Thesecondoxis slightly biggerthanthe boundingbox of theMosaic. Thisis dueto theborderadded
by the MosaicToLargeDiskDatamodule.

3.6 Accessinghe Lar geDisk Data

You cant directly visualizethe Large Disk Databy e.g. attachingan OrthoSlice.Beforeyou cando
this, you mustselecta subvolumeandload this subsolumeinto the Pool. The Subvolumewill be an
ordinaryamira eld andyou canuseall themodulesthatyou normallyuse.It maybe a goodideato
cleanup the Poolnow, butit's notrequired.The Mosaicis nolongerneeded.

Connectan Accessto the Imageobjectby right clicking on it and selectingAccessrom the
popupmenu.
Selectthered Accessicon.

In the viewer you canseea draggerbox in onecornerof the boundingbox of the Large Disk Data.

You canclick anddragthe cornersor the facesof the box to specifythe subvolumeyou wantto load.
In the PropertieAreathe correspondinglimensionsaredisplayed.
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Dragthe box someavhereinsidethevolume(For this you needto switchtheviewerinto interac-
tion mode).

Presghe Apply button.

AttachanOrthoSliceto thenew greenicon (Image.viav).
Selectthe Accessobject,thentoggleon the auto-refreshcheckbox.
Dragtheboxin theviewer.

By settingauto-refreshon, every time you dragthe box anautomatiaeloadis startedandall modules
downstreanof the view arerecomputed.This is aneasyway to scanthroughthe large volume. Try
differentdisplaymoduleson the Image.viav, e.g.,anisosurfce.

3.7 Computing dir ectly onthe Lar geDisk Data

Somecomputatiormodulesareableto handlethe Large Disk Datadirectly. Theseincludethreshold-
ing, computatiorof a distancemap,thinning, extractinga line setfrom a voxel skeleton,andcompu-
tation of the thicknesof the lines (evaluatingthe distancemapat the pointsof thelineset). All these
stepsarepresentedn this subsection.

The rst stepis to applya simplethresholding.

Attacha Thresholato the Image icon by right clicking on it andselectingThresholdfrom the
Sleletonsubmentin the popupmenu.

Selectanappropriatehresholdn the PropertieArea.

Selecta lename you wantto storethe resultto. In the tutorial we will usethe default name
Image.labels

Presghe Applybutton.
A new greenicon that containsthe labelswill appear Connectan Accesanoduleto it asdescribed
abore andhave alook attheresults.

You mightwantto correctthe resultof the sgmentatiorproceduremanually This might be usefulto
Il big vesselsor remove uninterestingparts. amira hasa segmentationeditorto performthis task.
Dueto thesizeof thedata,youwill have to work on subblocksf thewhole dataset.

In the next stepwe'll calculatea distancemapof the object.

Attacha ChamferMapo thelmage.labelsiconby right clicking onit andselectingChamferMap
from the Skeletonsubmenun the popupmenu.

Specifyan lename (thedefaultis OK for thetutorial).
PressApply.

A new greenicon namedimage.dmwill appear Connectan Accesanoduleand have a look at the
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distancemap.
Thethinning procedureneedghe labelsandthe distancemapasinput.

Note: The thinning algorithm automaticallydetectsendpointsof vessels. A parametelis usedto
distinguishthemfrom "noise” on the surfaceof the vesselgo avoid spuriousbranches.You might
wantto changethis parametemanuallyin the console.UseThinner  setVar lenOfEnds 10

to setthelengthof theendsto 10 voxelsbeforethey aredetectecasunconnecte@nds.Thisis arather
largevalueleadingto only afew branchesThedravbackis thatyou alsomight missrealendpoints|t

will bereally hardto detectsucherrorsduringthe network check.Butin generalwe think it is agood
ideato avoid spuriousbrancheglirectly duringthinning.

Attacha Thinnerto the Image.labelsicon by right clicking onit andselectingThinnerfrom the
Sleletonsubmenun the popupmenu.

Connectthe port for the distancemapto the Image.dmicon. You canachieve this by right

clicking on the white squareon the left side of the ExtThinnericon andselectingDistmap. A

blueline is attachedo themousepointer;afteryouclick onthelmage.dnicon, thetwo modules
areconnected.

Specifya lename (thedefaultis ne for thetutorial).
PressApply.

A new greenicon namedimage.thinnedvill appearandthe thinning processs started. It may take

sometime beforeit nishes. We will directly go onandcornverttheresultinto a linesetbeforevisual-
izing it.

Attacha TraceLinedo the Image.thinnedicon by right clicking on it andselectingTraceLines
from the Slkeletonsubmentn the popupmenu.

Unselectheclustertogglein the PropertieArea.

PressApply.

Thenew iconthatis visible now in thePoolis alineset,whichyou areprobablyalreadyfamiliar with.
You canvisualizeit by connectinga LineSetView.

CreateanLineSetiew moduleby right clicking onthelmage.lineseandselecting.ineSet\iew
from the context menu.

Thelinesareratherjaggybecausehey connectcenterof voxels. To getsmoothetinesyou canusea
Tcl commandn theconsole.

Typelmage.lineset smooth into theamira consolewindow. You canrepeathisif you
would preferevensmoothetines.

You canusethe CheckNetwark modulefrom the Skeletonsubmenun the context menuto remove
shortends.
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In the last stepof this subsectiorwe will computea thicknessfor every point on the lines. For the
thicknesswe usethe valuesof thedistancemap.

Attach an EvalOnLinesto the Image.lineseticon by right clicking on it andselectingevalOn-
Linesfrom the Computesubmenun the popupmenu.

Connectthe port for the distancemapto the Image.dmicon. You canachieve this by right
clicking onthewhite squareontheleft sideof the EvalOnLinesicon andselectingField. A blue
line is attachedo themousepointer;afteryou click onthelmage.dmicon, thetwo modulesare
connected.

PressApply.

Themoduledoesnt createa new dataicon. It is morelik e aneditorandchangesheconnectedineset.
It addsa datavaluefor every vertex in the linesetandcalculateshe valueof the eld at the point of
thevertex. You canvisualizethe datawith the LineSet\ew.

SelecttheLineSet\ew by clicking onit.

In thePropertieAreathereis adropdown menucalledColorMode Click onit andselectData
0.

Right click on the rectangularareain the row Colormap A popupmenuappears. Select
physics.ical

Changethe rangeof the colormapby clicking into text eld right of the colormapandtypein
15.

You seethatthe lines arenow colored. The color is anindicatorfor the local radiusof the original
object.

3.8 Regionof Interest

During visualizationof large datasetghereis often the needto restrictthe displayedgeometryto a
subvolume of the total dataset. It would be nice if differentmodulessharedthe samevolume and
the volumecould be changedsimultaneouslhyor all of them. In amira thereis a specialmodulethat
providesthis possibility; it is called SelectRai You canattachit to every spatialdataobject. Some
displaymoduleshave a connectiorcalledROI thatcanbe attachedo the SelectRoimoduleto restrict
theview.
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Remae all objectsexceptfor thelmage.lineseandthe LineSet\View.

Createa SelectRomoduleby right clicking on the Image.lineseandselectingSelectRoifrom
the Display submenuwof the context menu.

Connectthe ConnectiommamedROI of the LineSet\iew to the SelectRoimodule. To do this,
right click on the white squareon theleft sideof the LineSet\Vew icon andselectROI. A blue
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line is attachedo the mousepointer;afteryou click onthe SelectRoicon, thetwo modulesare
connected.

Switch the viewer to interactionmodeandclick anddragone of the greensquares.This will
adjustthe Region of Interestandthe LineSetMew will adoptthe new restrictionimmediately

By clicking and draggingon the (invisible) facesof the cuboid you can move it to another
position.

Whenworking with a smallsubsef thelineset,it is possibleto do moreinvolvedvisualizationghat
requiremoregraphicspower. For example,the lines canbe displayedastubesthatre ect the local
thickness.

Choosearathersmallpartof thelineset.
SelecttheLineSetVéw.

Click onthe Shapedropdown menuandselectCircle.
Click onthe ScaleModaropdown menuandselectData 0.
Movethe Scalefactorsliderto 2.

In the viewer the lines are now displayedastubes. The thicknessis scaledwith the dataassociated
with thelines.

Note: Thedatavalueassociatedavith thelinesis thelocal radius.The LineSet\View scalesy thelocal
diameter To scaleto the physicalsizeyou thereforemustusea Scalefctorof 2.

In the next stepwe're goingto load a part of theimagedatathatis alsodetermineddy the SelectRoi
module. You cantheneasilyload the samesubvolumefrom differentlda les if you connectall the
Accesanodulesto onecommonSelectRomodule.

Loadthe le Image thatyou sasedbefore.

AttachanAccessmoduleto it (seeaboveif you don't know how).

Connectthe ConnectiomnamedROI of the Accessto the SelectRoimodule. This is donethe
sameway aswith theLineSet\ew.

Selectthe Accessmodule thenpressthe Apply button.

Attacha Projection\few displaymoduleto the newly displayedgreenimage.view icon.

You candothesamefor thelmage.labels le.

All the LargeDataAccesnodulesyou createdarenow restrictedo the samevolumeandcaneasilybe
movedby oneclick-and-dragoperation.
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3.9 CheckNetwork

In this subsectiorwe'd like to presenta modulethatcanbe usedto jump to all endpointsof alineset
andcreatesomeniceviews for checkingif theendpointsare ne or if they shouldbe edited.

Createa CheckNetvork moduleby right clicking on the Image.linesetandselectingChedNet-
work from the Sleletonsubmenwof the popupmenu.

Connecthe SelectRotonnectiorof the Che&Networkto the SelectRomodule(right click on
the white squareat the left of CheckNetverk, selectSelectRoiclick on the yellow SelectRoi
icon).

Selectthe Accessnodule,andtoggleon the auto-refreshcheckbox.

Adjustthesizeof thelineshby selectingthe LineSet¥éw andchangingthe ScaleRctor sliderto
approximately0.15.

Selectthe Che&Networkmodule.
Presghe Next Endpointbutton.
By repeatinghelaststepyou canjump throughall endpoints.

3.10 Coloring a LinesetAccording to its Depth Value

It canbeusefulto colorthelinesin differentways.In thenext examplewe're goingto colorthelineset
by thelocal z value. Thisis donein two steps:

Createa Scalar eld which providesthedepth(z value).
Evaluatethis valueonthelinesandusea LineSet\iew.

To createthe Scalar eld:

SelectCreate/Data/Scalar eld
Selectthenewly createdcon.
Typezinto the Expr eld.

Thenext stepit to evaluatethis scalar eld onthelineset. You cando this by selectingthe linesetand
typinginto the console.

Hint: Presghe <TAB>key to getthenameof the selectednodule.

Typelines computeData scalarfield 2 to evaluatethe data(Fill in your specic
namedor lines and scalarfield ). The2 indicatesto storethe datavaluesasdata2 in
thelineset.

AttachaLineSet\iew andusedata2for color coding.
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Chapter 4

ResolveR T

4.1 BeadExtract

This modulecanbe usedto resampleandaveragetheimageof oneor multiple beadsij.e., uorescing
sub-resolutiormicrospherestherebyobtainingan approximationof a point spreadfunction (PSF)
requiredfor non-blinddecorvolution.

The modulemustbe connectedo the image dataset containingthe measuredeadsas well asto
a landmarksetindicatingthe centerpositionsof all beadso beresamplecandaveraged.Thewhole
proces®f obtainingapointspreadunctionfrom abeadmeasuremeris describedn aseparatéutorial
on beadextraction Pleasaeferto thistutorial for moreinformationon how to usethemodule.

Presghe Applybuttonto actuallyextractthe beadswith the centerof theresultingdatasetorrespond-
ing to the currentpositionsof the landmarks.Theimagevolumearoundevery landmarkis extracted

andresampledisingaLanczoslter (comparehe Resamplenodule). Theresampledeadimagesare

thenaddedto theresultobject. The nal PSFis notnormalized.

Connections

Data [required]

Connectiorto auniformimagedatasetcontainingmeasuredeads.

Landmarks [required]

Connectionto a landmarkset indicating the centerpositionsof the beadsto be resampledand
averaged.



Ports

4.

Th

Info

Displaysthe numberof beadgo beresampledindaveraged.

Resolution

Speci esthenumberof voxelsof the nal PSFimageto begeneratedlf a PSFimageis connected
asaresultobjectto this module the port becomesénsensitve andthe numberof voxelsof theresult
objectareused.

Voxel size[um]

Speci esthevoxel sizeof the nal PSFimageto be generatedn micrometers.If a PSFimageis
connectedasa resultto this module,the port becomesnsensitve andthe voxel size of the result
objectis used.

Preprocess

Adjustcentes: If this buttonis pressedthe landmarkpositionsof the datasetconnectedo port
Landmarksare shiftedto the centerof gravitiy of the correspondindead. It is requiredthat the
initial landmarkpositionsbe inside the beadimagesand that neighboringbeadsdo not overlap
signi cantly. Otherwiseincorrectcenterpositionsmaybe computed.

Estimatesize:If thisbuttonis pressedihedesirechumberof voxelsof the nal PSFimagespeci ed
in port Resolutionare computedautomatically Before this is donethe beads'centerpositions
alreadyshouldhave beenadjusted. The estimateis computedby determiningthe extent of the
biggestspotaroundary landmark. Again, it is requiredthat neighboringbeadsdo not overlap
signi cantly. The Estimatesize button becomesdnsensitve if a resultobjectis connectedo the
module.In this casealwaysthe sizeof the existing PSFimagewill beused.

Undo: Undoegheeffect of ary of theprevioustwo buttons.For example.if wrongcenterpositions
have beencomputedafter pressingAdjustcentes, the original landmarkpositionscanbe restored
usingthe Undobutton.

2 Convolution

is module corvolvestwo uniform 3D dataobjectswith eachother by Fourier transformingthe

two inputs, multiplying them, and thentransformingthem back. The moduleis part of the amira

de
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comvolutionmodules It canbe usedfor exampleto verify theresultsof imagedecorvolution.
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Theboundingbox andvoxel sizesof theinput datasetandthe corvolution kernelareignoredby this
module.Usethe Resamplenoduleto make surethattheresolutionof bothinputsis identical.

Presghe Apply buttonto startthe computation.

Connections

Data [required]
Thedatasetto be convolved.

Kernel [required]
The corvolutionkernel.

Ports
Border width

De nesthesizeof theborderregion. A borderregionis necessarif theinputdatasetdoesnt fade
outto blackatthe boundaries.

Options

If normalizekernelis selectedtheintegral of the corvolutionkernel(connectedo portKernel) will
be normalizedto one.If thisis notthe casetheintensitiesof the corvolveddatasetwill bescaled
by theactualintegral.

If applynoiseis selectedthevaluesof the corvolveddatasetwill bemultiplied by randomnumbers
uniformly distributedaroundl (white noise).

Noiselevel

This port will only be shawn if the apply noiseoption of the Optionsport hasbeenselected. It
speci estheamountof noiseappliedto theoutput,i.e., therangeof therandomnumbersaroundl,
by whichtheresultis multiplied.

4.3 CorrectZDrop

Thismoduleletsyou x artifactsin 3D microscopidmagescausedy light absorptiorin otherslices.
If suchartifactsarepresentthe averageintensityin lower slicesseemso bedecreasedrhis so-called
z-diop or intensityattenuationcanbe correctedautomaticallyby tting anexponentialcurve to the
averageintensitiesin eachof theslices,or manuallyby providing a userde ned formula.

Presghe Applybuttonto startthe computation.

CorrectZDiop 41



Connections

Data [required]

The imagedataexhibiting a z-dropartifact. Scalar elds with uniform or stacled coordinatesas
well asmulti-channel®eldsaresupported.

Ports
Mode

Letsyou selectbetweerautomaticnodeandmanualmode.

Expression

This portis only availableif manualmodehasbeenselected.It providesa text eld whereyou
canentera formula specifyinga factorusedto multiply the intensityvaluesin eachslice. Within
the formula the variableu speci esthe slices. u will take the valueO for the rst sliceand1 for
the lastslice. For the otherslicesit takesintermediatevaluesdependingon the actualslice loca-
tion (this makes supportof stacled coordinatesasy). In automaticmodethe following formula
a*exp(b*u)  will beused,wherea andb are tted automatically If you rst performan auto-
maticz-dropcorrectionandthenswitchto manualmode,the tted exponentialwill bedisplayedn
theport'stext eld.

4.4 DataPreprocess

Thismodulecanbeusedto applybothabackgroundainda at eld correctionto araw 3D imagestack.

For the backgrounctorrection asinglebackgroundmagemustbe providedatthe badgroundport of

themodule.Thebackgroundmageshouldbea nearlyblackimagerecordedvith thecameras shutter
closed. This imageis subtractedrom all slicesof the 3D input dataset,thus compensatindor ary

darkcurrentof thecameras CCD detector

Forthe at eld correctionasingle ateld imagemustbeprovidedatthe at eld portof themodule.
The ateld imageshouldbe anunfocusedalmostwhite imagetakenfrom a drop of homogeneously
uorescing dye. The intensitiesof the 3D input imageare thenscaledaccordingto the normalized
intensitiesof the at eld images. Theinputimagegetsbrighterat pixelswherethe at eld is dark
andvice versa.ln this way non-uniformsensitvity of the cameras CCD detectolis compensatetbr.

If botha at eld andabackgroundmagearepresentthe bbackgrounds subtractedrom the at eld
too.

Presghe Applybuttonto startthe computatiorandproducea correctedbutputdataset.
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Connections

Data [required]

The raw 3D image stackto be corrected. Any regular scalar eld with uniform coordinatess
supported.

Background [optional]

An optional2D backgroundmagewith the samenumberof voxelsin thex andy directionsasthe
3Dinputimage.If aninputis presenttthisport,abackgroundtorrectionis performedseeabove).

Flat eld [optional]

An optional2D at eld imagewith thesamenumberof voxelsin thex andy directionsastheinput
image.If aninputis presenfatthisport,a at eld correctionis performedseeabore).

Ports

Background

Displaysthe meanvalueandthe standarddeviation of the backgroundmage,if suchanimageis
presentOnly the rst sliceis considered.

Flat eld

Displaysthemeanvalueandthestandardieviationof the at eld image,if suchanimageis present.
Only the rst sliceis considered.

4.5 Decorvolution

This module is the front-end for decorvolving 3D microscopicimages. Two different iterative
maximum-likelihoodimagerestoratioralgorithmsareprovided,a non-blindoneandablind one. For
ageneraldescriptionof thedecomwolution processpleasereferto the provided tutorials

Theresultingdecoolveddatasetwill bestoredin thePool. If noinput PSFis speci edor if theblind
decowolutionalgorithmhasbeenselectedthe estimated® SFwill bestoredin the Poolalso.

Pressthe Apply button to startthe decomwvolution process.Sincedecorwolution is a time consuming
operationjt optionally canbe performedasa batchjob (seethe Actionport below).

Connections

Data [required]
Thedatasetto bedecomwolved.
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Kernel [optional]

Thepointspreadunction(PSF)to usedfor decorvolution. If no PSFis speci ed,anestimatedPSF
is calculatedautomaticallybasedon the numericalapertureof the microscopethe wavelengthof
theemittedlight, andtherefractveindex. If ablind decowolutionis to beperformedaninput PSF
(if connectedyvill beusedasaninitial estimate.

Ports
Border width

De nesthesizeof theborderregion. A borderregionis necessarjf theinputdatasetdoesnt fade
out to black at the boundaries.For performancaeasonst might advisableto choosevaluessuch
thatthe sumof the size of the input datasetandthe borderwidth resultsin a power of two. For
example,if the datasetconsistsof 118slices,a borderwidth of 10 slicesin z directionwould bea
goodchoice.

In thecaseof wide eld datait is sometimesdvisabldo have theborderwidth in z directionexactly
aslargeasthedatasetitself. If thisis thecasetheborderregionwill beinitialized by mirroring the
valuesfrom the actualdatavolume. Otherwise the valuesof the rst sliceandof thelastslicewill
beinterpolatedinearly.

Iterations

Speci esthe numberof iterationsof the decomwolution procedure.

Initial estimate

Speci estheinitial estimateof thedecowolutionalgorithm.If constis chosena constanimageis
usedinitially. Often,this yields smootherresultsthanthe secondoption, namelyinput data. The
third option (previousresul) is only availableif the input datasethasalreadybeendecowolved
previously. Usethis optionif youwantto applysomeadditionaldecowolutioniterations.

Overrelaxation

Overrelaxationis a techniqueto speedup the corvergenceof theiterative decomwolution process.
In mostcasesxed overrelaxtionis a goodchoice. For non-blinddecormwolution alsoan optimized
overrelaxationtechniqueis available. This methodfurther acceleratesorvergencebut is more
memoryandtime consuming.

Regularization
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This portspeci esif youwantintensity-basedegularizationor not.

Method

This port speci eswhetherstandardnon-blind)or blind decorvolution shouldbe used.

PSFParameters

Parametergor calculatingthe point spreadunction. This portwill only beshawvn if standardnon-
blind) decowvolution hasbeenselectedand no input PSFwas speci ed, or if blind decorvolution
hasbeenselectedin which casetheseparametersctasconstraints.

NA denoteshenumericalapertureof themicroscopelambdadenoteshewavelengthof theemitted
light in micrometerawith the voxel sizesalsobeinginterpretedn micrometers.Finally, n denotes
therefractve index of thespecimen.

Micr oscopicMode

Selectsvhethertheinputimagehasbeenrecordedisingawide eld microscoper usinga confocal
microscope. This is importantfor the PSFgenerationas well asfor the selectionof appropriate
constraintgluring blind decowolution.

Action

Sincedecowolutionis a time consumingoperation;it optionally canbe performedasa batchjob.
A batchjob canbe submittedusingthe Batc job button. If this buttonis pressed,rst a dialog
is poppedup allowing you to specifythe lename of the nal decowolveddatasetaswell asthe
numberof optionalcheckpoint les (compareFigure1.6). A checkpoint storesanintermediate
resultobtainedaftera certainnumberof iterationshave beenperformed.The actualdecorvolution
job is startedvia the job dialog accessedy File / Jobs menuitem. The job dialogis poppedup
automaticallyafterthe job hasbeen nally submitted but this maytake a few secondsf thereare
currentlyno jobsrunning.

4.6 DistanceMap
Thismodulecomputesa 3D distanceeld of a 3D object.Eachvoxel will beassigned valuedepend-

ing on the distanceto the nearesbbjectboundary The boundaryoxels of the objectareassigned
valueof zerowhereagheassigned/alueincreasessthedistancencreases.
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To

usethismoduleit mustbeconnectedo auniformlabel eld whereeachvoxel with anonzerovalue

is assumedo belongto the object.

Presghe Applybuttonto startthe computation.

Connections

Data [required]
Label eld from whichthedistancemapis computed.

Ports

46

Type

You may either choosea true Euclideandistancemetric or an approximationbasedon a 3x3x3
chamfermetric. The latteris muchfasterto computeandaccurateenoughfor mostapplications.
SingleSeeded¢omputesdistancenapwhich expresseshedistancdrom asingleseedointrather
thanfrom theboundary

Chamfer Weights

This port is only availablein chamfermode. Differentchamfermetricsare available. The 1-2-3
metric is equivalentto only consideringa 6-neighborhoodvhen propagatinghe distancevalue,
whereasthe 3-4-5 considersa 26-neighborhoodind is a betterapproximationof the Euclidean
distancemetric. Floatalsocorrespond$o a 26-neighborhoodbut theresulting eld will have oat
datatypeinsteadof shortint.

Region

This portis notavailablein SingleSeedednode.Choosédn which regionthedistanceeld will be
computed:

Inside: Insidethe object(outsidewill besetto zero).
Outside: Outsidethe object(insidewill besetto zero).

Both (unsigned): Insideandoutsidethe object. A positive distancds computedvhetherthe
positionis insideor outsidethe object.

Both (signed): Thedistancevaluewill benegativeatapositioninsidetheobjectandpositive
outsidetheobject.

Point
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This portis only availablein SingleSeedednode.Speci esthe seedpoint for the distancemapin
world coordinatesYou canusea draggerto adjustit.

4.7 FourierTransform

This modulecomputesa discreteforward or backward Fourier transformfrom a scalarinput dataset
with uniform coordinatesAlternatively, thepowerspectrumi.e.,thesquarednagnitudeof theFourier
transformcanbe computed.

The origin of the input datasetwill be ignoredby this module. Also, insteadof beingexpressedn
wave numbersthe boundingbox of a Fourier transfomeddatasetwill be the sameasthe bounding
box of theinput.

Presghe Applybuttonto startthe computation.

Connections

Data [required]
Theinputdatato be Fouriertransformed.

Ports
Mode

Optionmenuspecifyingthe actionto be performed.

If arealscalareld is connectedo themodule threeoptionsareavailable,namelyforward, forward
comple, andpowerspectrum If forward is selectedthe outputis storedin a specialso-callechalf-
comple format. Suchan outputcan be back-transformedput not mary otheroperationscanbe
performedon it. If forward comple is selectedthe outputwill be a complex-valuedscalar eld
with the samenumberof voxels asthe input object. Finally, if power spectrumis selectedthe
outputis areal-valuedscalar eld with the samenumberof voxels asthe input objectcontaining
thesquarednagnitudeof the Fouriertransform.

If acomplex scalareld in half-complex formatis connectedthe only optionis badkward, indicat-
ing abackwardFouriertransform.

If anordinarycomplex scalareld is connectedo themodule thethreeoptionsforward, badkward,
andpowerspectrumare available. The rst two optionsspecifya forward and backward Fourier
transformrespectrely. Theouputis acomplex scalar eld with thesameresolutionastheinput. If
powerspectruris selectedthe outputis areal-valuedscalar eld with the samenumberof voxels
astheinputobjectcontainingthe squarednagnitudeof the Fouriertransform.
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4.8 PSFGen

This modulecanbe usedto computea point spreadunction (PSF)for decorvolution of wide eld and
confocalmicroscopicimagedata. PSFcomputations basedon electromagnetiwectortheory It can
be createdby selectingt from the Create/ Others menuof the mainwindow.

Presghe Applybuttonto computethe PSE

Connections

Data [optional]

A uniformscalareld (usuallytheimagedatato bedecomwolved)canbeconnectedo thisport. The
valuesof the ResolutiorandVoxelsizeportswill be setautomaticallyto thevaluesof theinput eld
then.

Ports

Resolution

Thenumberof voxelsof the PSFimageto begenerated.

Voxelsize[um]

Thevoxel sizein micronsof the PSFimageto be generated.

PSFParameters

Parameterdor calculatingthe point spreadfunction. NA denotesthe numericalapertureof the
microscopelambdadenoteghe wavelength(asmeasuredn a vacuum)of the emittedlight in mi-

crometersFor confocaldatathe excitationandemissiornwavelengthareassumedo beidentical.In

this caseit might prove usefulto compensatby supplyingavaluebetweerexcitationandemission
wavelengthasparameterFinally, n denotegherefractveindex of the specimen.

Micr oscopicMode

Speci eswhetherthe PSFof awide eld microscopeor of a confocalmicroscopeshouldbe com-
puted.
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Chapter 5

Skeleton Pack

5.1 AlignBlocks

The AlignBlods moduleis for aligning the blocksof a mosaic. During the acquisitionof the image
blocksof amosaic,t mayhapperthattheblocksarenot perfectlyaligned.This modulecomputeghe
bestadjustmenbetweenoverlappingblocks,i.e., nds the translationdetweeneachpair of blocks
thatminimizesthe differencein thecommonpartof thetwo images.

Presghe Applybuttonto startthe computation.

Connections

Data [required]
Mosaic

Ports

Mosaic name

Storesthe lename of the nal mosaicandof thetemporaryles: duringthe planaralignmentthe
modulecreateD projectionsof theimageblocks. Theseprojectionsarestoredwith theextension
"nb.mip.am”wherenb representshe numberof the blockin themosaic.

Max Trans. X (pixels)

Maximumvalueof translatiorto applyin the X direction(in pixels).



Image units value

Givesthecorrespondingaluein imageunits(for example,if thevoxel sizeis givenin micrometers,
givesthe maximumtranslationin micrometers).

Max Trans. Y (pixels)

Maximumvalueof translatiornto applyin the Y direction(in pixels).

Image units value

Givesthecorrespondingaluein imageunits(for example,if thevoxel sizeis givenin micrometers,
givesthe maximumtranslationin micrometers).

Max Trans. Z (pixels)

Maximumvalueof translationto applyin the Z direction(in pixels).

Image units value

Givesthecorrespondingaluein imageunits(for example,if thevoxel sizeis givenin micrometers,
givesthe maximumtranslationin micrometers).

Alignment

Performsa planarand/ora vertical alignment. If planar is checled, makesa 2D projectionof
eachimage(on XY plane),and nds the bestplanartranslationbetweeneachimage. If verticalis
checled,then nds theverticalcomponenbf thetranslation.

Similarity measure

Thisportallowsyouto selecteitherthe SSD(sumof squaredlifferencespr the correlationmethod
for computinghow well the blocksarealigned.

5.2 ApplyMask

This modulecanbe usedto sggmenta LargeDiskDatale block by block. It allows you to apply a
maskto theLargeDiskDatale in orderto remove or addparts.
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Attachit to the LargeDiskDatale containingthe labelsandattacha Label eld containingthe mask
to thesecondnput connection.

After selectingwhich materialsin the Label eld describeregionsto be added(setto materiall) in the
LargeDiskDataandwhich regionsshouldbe deleted(setto background)pressthe Apply button.

Connections

Data [required]

The connectiorto the LargeDiskDateobject.

Mask [required]

Theconnectiorto a Label eld containingthe mask.

Ports
Add
Selectthe materialdescribingheregion whichwill besetto 1 in the LargeDiskDateaobject.

Delete

Selectthe materialdescribingtheregion whichwill besetto 0 in the LargeDiskDataobject.

5.3 ApplyTemplateToMosaic

This script objectis usefulif you wantto apply the samecomputemoduleor digital image®ilter to
eachbrick of amosaic.Youwill needto build a network asshown in the gure:
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If you planto apply a computemodule,e.qg., CorrectZDrop load one brick and apply the compute
moduleto this brick. Connectthe Templateinput port of ApplyTemplateDMosaicto the compute
module.To startthe processingpressApply.

If youwantto applya digital image®ilterto every brick, loadoneblock, starttheeditoronit, andselect
theparametersConnecthe Templateinput portto this dataobjectandpressApplyto runthe Iter on
all bricks.

Connections

Data [required]

The Mosaicto beprocessed.

Template [required]
Themoduleproviding thetemplatewhich will beappliedto all bricks.
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5.4 ChamferMap

The ChamferMapmodule performsa distance-magalculationon a 3D segmentedLargeDiskData
image. It createsa new LargeDiskDataobject where the value of eachpoint of the foreground
representsts shortestdistanceto the backgroundor eachbackgroundpoint representshe shortest
distanceto theforeground,dependingn the optionselectedn the Map locationport.

Thechamfermapis rst computedwith integervalueswhich causesherealvaluesof distanceso be
scaledby a coefcient (seeChamferMapScaledetor). If you wantthe units of your chamfermapto
bethe sameasthe unitsof your voxels,checkthe Float exactmapbox.

For isotropicimagesyou canchoosehe dimensionandthe sizeof the chamfermask(its coefcients
arepre-calculated)For anisotropidmages however, it rst computeghe chamfermaskcoefcients
thataremostappropriatefor the voxel size of your image. For this reasonusinga maskwider than
3x3x3for anisotropidmagess stronglydiscouraged.

If theoriginalimageis notsegmentedit will considerpositive pointsasforegroundandnegative points
asbackground.

Presghe Applybuttonto startthe computation.

Connections

Data [required]
LargeDiskDatgshouldbe sggmented).

Ports

Filename

The resultchamfermapwill be saved asa LargeDiskDatabut with additionalparametersn the
parametedatabase:

ChamferMapScaleFactor: factorto scaleyour chamfermapwith the sameunits asyour voxel
units. For example,if the voxel size of your imageis expressedn micrometers,divide
your distancemap by the ChamferMapScaledector and you will obtaina chamfermapin
micrometers.

ChamferMapMaxRelErr or: givesthemaxrelative errorrelative to theexactEuclideandistance.

ChamferMaplsExact: is setto 1 if ChamferMapScaledctor= 1, is setto 0 otherwise.
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Mask dimension

Choose2D if you want the chamfermapto be computedslice by slice without consideringthe
previousandfollowing slices.This optionis not availablefor anisotropidmages.

Mask size

The masksize for isotropicimages. The wider the chamfermask,the more precisethe chamfer
map,but thelongerit takesto compute.This optionis not availablefor anisotropidmages.

Map location

This optionmenuletsyou selectdifferentmaplocations:

foreground: Computethe minimumdistanceof eachpoint of the foregroundrelative to the
background

background: Computethe minimum distanceof eachpoint of the backgroundrelative to
theforeground

both foreground and background: Computethe minimum distanceof eachpoint of the
foregroundrelative to the backgroundwith positive values;andthe minimum distanceof
eachpointof thebackgroundelative to the foreground with negative values.

Sign of resultimage

Determinesthe sign of the points of the foregroundif you have chosenforegroundin the Map
location port, or the signof the pointsof the backgroundf you have choserbadkground

Float exactmap

Computesadistancanapin the sameunitsasthevoxel sizeunits.

5.5 CheckNetwork

Themoduledetectopenendsandbranchingpointswith morethan3 branchesn anattached.ineset
It sortsthesepointsandmovesa SelectRobbjectto be centeredat onepoint afteranother Thefocus
is attractedo the selectegoint by ared semitransparensphere.
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Connections

Data [required]
LineSet.

SelectRoi [optional]
Roi (Region of Interest)to bemaoved.

Ports

Info

Shaws informationaboutthelaststep.

Options

Selectlong onlyto ignoreshortlines.

If openSurfacess selectedthemodulewill cutaway half of eachlsosurficeattachedn someway
to the Roi. This maybeusefulto look insidethe structureto seethelinesyou're checking.

ignore Border forcesthe moduleto skip pointsnearthe boundaryof the boundingbox.

Limits

Fractionof thelengthof onesideof theboundingboxto beignoredon eachside.0 meangake all,
0.5ignoreseverything.

Action

next urvisitedEP jumpsto next endpoint.
next unvisitedBP jumpsto next branchingpoint.

BufferAction

Eachvisitedpointis storedin a buffer andcanbevisitedagain.
Usethesebuttonsto navigatethroughthe buffer.

OtherAction

Every pointalreadyvisitedis markedin thelineset.clear visitedremovesthesemarlers.
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rm unconnlineskeepsonly thelargestconnectedcomponentn thelineset.

5.6 DisplayMosaic

Attachthis moduleto a Mosaicto displayits bricks.
Presghe Applybuttonto loadthe highlightedbrick into the Pool.

Connections

Data [required]
The Mosaicto bedisplayed.

Ports
Brick

Selectghebrick to be highlighted.

5.7 EvalOnLines

The moduletakesa LineSetanda LargeDiskDataeld asinput. The eld is evaluatedat eachvertex
of thelinesetandtheresultstoredin thelineset.

Presghe Applybuttonto startthe computation.

Connections

Data [required]
LineSet.

Field [required]
LargeDiskData.

5.8 MosaicToLargeDiskData

The moduletakes a Mosaiccontainingbricks of overlappingimage dataand corvertsthemto one
LargeDiskDatabjectstoredon disk.

Presghe Applybuttonto startthe computation.
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Connections

Data [required]
The Mosaicobjectcontainingthereferenceso the blocksof imagedatastoredon disk.

Ports

Info

Informationon theinternalstate.

Filename

Theresultwill bestoredin this le.

Inter polation

Interpolationmethodto be usedduringsamplingof the bricks.
Standad is trilinear interpolation.
NeaestNeighbocanbeusefulif you're working with labels.

Lanczosusesa kernelof width 6 to improve the interpolation. The resultwill be muchbetterbut
samplingtakesmuchlonger

Options

Selectautodimgo usethe samevoxel sizeasin theinputimages.
For seamlesgransitionsbetweerbricks, selectblend

add border extendsthe resultby someamountto guarante&oxelswith valueO at the boundaries.
You canspecifytheborderin port Border.

Specify

Thisportis only visibleif autodimsgs notselectedlIt allowsyouto switchbetweerspecifyingdims
or thevoxelsizeof theresult.

Dims

Thedimensionf theresultingimage.To modify them,autodimsmustbe deselected.
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Voxelsize

Thevoxelsizeof theresult. You might eitherspecifythedimsor thevoxelsize.

Border

Speci esthessize of the borderto be addedon eachside of the mosaic. The portis hiddenif add
borderis not selected.

5.9 Thinner

The module takes labels that have beenstoredas LargeDiskData and a distancemap storedas
LargeDiskDataasinput. It runsathinningprocedurentheseo extractthecentedinesof thestructure
containedn thelabels.

Presghe Applybuttonto startthe computation.

Connections

Data [required]
LargeDiskDatecontaininglabelsrepresenting structure.

Distmap [optional]
Distancemapto guidethethinningprocess.

Ports

Filename

File theresultwill bestoredin.

Temp lename

A temporaryle neededy thealgorithm.

5.10 Threshold

The Thresholdmoduleprovidessimplethresholdsegmentation.
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Connections

Data [required]
LargeDiskData

Ports

Filename

Theresultwill bestoredin this le.

Threshold

Letsyou setthethreshold.

5.11 TracelLines

The moduletakes a LargeDiskDatamageas input. This image may be the resultof the Thinner
module. Theimageshouldcontainonly lines representedy voxels. The moduletracestheselines
andbuilds a linesetand/ora clusterout of it.

Presghe Applybuttonto startthe computation.

Connections

Data [required]
Theimagestoringthevoxel lines.

Ports
Options

Checklinesetto enableoutputof a LineSet

Checkclusterto enableoutputof a Cluster Thevaluesstoredattheverticesindicatethe numberof
neighbors Endpointswill have avalueof 1, verticesavalueof 2, andbranchingpointsa valueof 3
or higher

TraceLines 59



60

Chapter5: Skeleton Pack



Part Il

ReferenceGuide - Alphabetic Index of
File Formats






Chapter 6

ResolveR T

6.1 Bio-Rad Confocal Format

The Bio-Radconfocal le formatis usedto store3D imagedatafrom confocalmicroscopy. It essen-
tially consistof a 76 byte headesectionfollowedby theimagedatain big endianraw format. amira

recognizesBio-Rad les automaticallyby the sufx .pic . In orderto load Bio-Rad les from the

commandine useload -biorad  <filename>

Sincethe headesectionof theformatdoesnt containfull informationaboutthevoxel size,thebound-
ing box of the3D imagehasto beadjustednanuallyfor theresultinguniformscalareld usingamira's
cropeditor. NotethatBio-Radconfocal les canonly bereadbut not bewritten by amira.

6.2 Leica3DTIFF

Thisreadeiis ableto read3D TIFF les containinga whole stackof 2D images.In particular the 3D
TIFF formatis usedby newer Leicalaserscanningmnicroscopes.

In additionto theimagedataitself specialparameteréik e pixel sizeor slice distancesnay be stored
in a 3D TIFF le. If suchinformationis found it will be interpretedin orderto createa uniform

scalar eld of the propertype. However, if no boundingbox informationis encountereathe channel
conversiondialogdescribedn the 2D TIFF sectionwill be poppedup.

6.3 LeicaBinary Format (.lei)

This is the Leicabinary le formatusedby Leicalaserscanningmicroscopes.lt consistsof anlei
le aswell asseveral TIFF slices.In orderto readthese les, selectonly thelei le. Parameterdike
pixelsizeor slicedistancearereadfrom thelei le.



6.4 Leica Slice Series(.info)

Thisis the le formatusedby theolderLeicalaserscanningmicroscopeslt consistof aninfo le as
well asseveralraw or TIFF slices,which all mustresidein the samedirectory In orderto readthese
les, selectonly theinfo le. Parameterdik e pixelsizeor slice distancearereadfrom theinfo le. If
the le containscolormapsthey will beread,too.

6.5 MRC

MRC s a le formatfor theexchangeof electronmicroscopy data.

With this readeryou canimport andexport les in the MRC le formatinto amira. Recognizedle
extensiondor thereaderare.mrcand.rec.

Notethatthis readerexpectsthe le headeto bein little endianencoding.

6.6 Metamorph STK Format

The MetaMorphStack(STK) le formatis usedto encode3D imagedata,e.g. from confocalmi-
croscoyp. It is aspecialversionof the TIFF le format. Thus,STK les areindicatedasTIFF les in
theformatcolumnof the le dialog.

STK les canbereadjustasordinary3D TIFF les. The channekorversiondialogis poppedup, let-
ting theuserdecidehow to proceedwith multiple channeimagesandletting him de ne thebounding
box of the 3D image. Note that size hints storedin the STK  le itself are currentlynot interpreted.
Also notethatamira canonly readbut notwrite STK les.

6.7 ZeissLSM

This format stores3D image datafrom ZeissLSM(TM) confocallaserscanningmicroscopesn a
single le. An LSM imagestackcanstoreup to four separatehannelor anRGB(A) color.
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