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Part I

ResolveR T User'sGuide
(amira for microscopy)





Chapter 1

Deconvolution intr oduction

ResolveRT's deconvolution providespowerful algorithmsfor improving the quality of microscopic
imagesrecordedby 3D wide�eld andconfocalmicroscopes.Two differentmethodsaresupported,
namelya so-callednon-blindanda blind deconvolution method,both basedon iterative maximum-
likelihoodimagerestoration.In the �rst casea measuredor computedpoint spreadfunction(PSF)is
required.In thesecondcasethePSFis estimatedalongwith thedataitself.

Thedeconvolutiondocumentationis organizedasfollows:

� Generalremarksaboutimagedeconvolution
� Dataaquisitionandsamplingrates
� Standarddeconvolutiontutorial
� Blind deconvolutiontutorial
� Beadextractiontutorial
� Performanceissuesandmulti-processing

Thefollowing modulesareincluded:

� BeadExtract- obtainaPSFfrom abeadmeasurement
� Convolution- convolvetwo 3D images
� CorrectZDrop- correctsattenuationin z-direction
� DataPreprocess- backgroundand�at�eld correction
� Deconvolution- theactualdeconvolutionfront-end
� FourierTransform- computesFFT andpowerspectrum
� PSFGenerate- calculatesa theorecticalPSF



1.1 General remarksabout imagedeconvolution

Deconvolutionis a techniquefor removing out-of-focuslight in aseriesof imagesrecordedvia optical
sectioningmicroscopy. Intendedto investigate3D biological objects,optical sectioningmicroscopy
works by creatingmultiple images(optical sections)of a �uorescing object, eachwith a different
focusplane. However, besidesthe in-focusstructures,the imagesusuallyalsocontainout-of-focus
light from otherpartsof the object, causinghazeandsevereaxial blur. This is even the casefor a
confocallaserscanningmicroscope,wheremostof theout-of-focuslight is removedfrom the image
by apinholesystem.Mathematically, theimageproducedby any microscopicsystemcanbedescribed
astheconvolution of theidealunblurredimageof thespecimenandthemicroscope'sso-calledpoint
spreadfunction(PSF),i.e., the imageof an idealpoint light source.With the inverseof this process,
calleddeconvolution, a deblurredimageof thespecimencanbe obtained,provided thepoint spread
functionis known, or at leastcanbeestimated.

The amira deconvolution modulesmainly provide two variantsof a powerful iterative maximum-
likelihoodimagerestorationalgorithm,namelya non-blindoneanda blind one. The differencebe-
tweenthemis thatin the�rst casea measuredor computedpoint spreadfunctionis used,while in the
secondcasethePSFis estimatedalongwith thedataitself. Maximum-likelihoodimagerestorationcan
beconsideredasthede-factostandardfor deconvolution of 3D optical sections.Althoughcomputa-
tionally quiteexpensive,themethodis ableto signi�cantly enhanceimagequality. At thesametime it
is veryrobustandinsensitivewith respectto noiseartifacts.However, it shouldbenotedthat,although
rejectingmostof theout-of-focuslight, by no meansall of it is rejected.Therefore,somenoticeable
hazeremainsin theimages.Also, theimagesretaina substantialaxial smearingin z-direction,which
cannotberemovedby any deconvolutionalgorithm.

At �rst sight, onemay wonderwhy both a non-blindanda blind deconvolution algorithmarepro-
vided;blind deconvolutionseemsto bemoregeneralbecausethePSFis calculatedautomatically. One
answeris that blind deconvolution is computationallyeven moreexpensive thannon-blind iterative
maximum-likelihoodimagerestoration.Theotheransweris thatin a blind deconvolutionalgorithma
meaningfulestimateof thePSFcanonly becomputedif severeconstraintsareimposed.For example,
a trivial solutionof theblind deconvolutionproblemwouldbeanimagewhich is identicalto theinput
imageanda PSFwith the shapeof an ideal deltapeak. Obviously, this solution isn't usefulat all.
Therefore,if for exampleconfocaldatais to bedeconvolved,thealgorithm�ts theactualPSFin such
a way that it looks like a possiblemeasuredPSFof a confocalmicroscope.More precisely, the �t is
constrainedto bein agreementwith theexperimentalparameters(therefractive index of themedium,
thenumericalapertureof theobjective,andthevoxel sizes).Sometimesthiscanleadto wrongresults,
for examplewhentheconfocalpinholeapertureof themicroscopewasn't stoppeddown suf�ciently
during confocalimageacquisition,in which casethe microscopeactuallydidn't behave like a true
confocalmicroscope.As a matterof factyou shouldtry which approachprovidesthebestresultsfor
your own imagedata,blind deconvolution or non-blinddeconvolution with eithera measuredor an
automaticallycomputedPSF.
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1.2 Data acquisition and sampling rates

In orderto obtainbestquality whendeconvolving microscopicimagessomefundamentalguidelines
shouldbeobeyedduringimageaquisition.Goodresultsmaybeobtainedevenif someof theseguide-
linesarenot followedexactly, but in generalthechancesto getsatisfactoryresultsimproveif they are.
Below wediscussthemostimportantrecommendations.

Adjusting the scannedimagevolume

The region of interestshouldbe centeredin the middle of the imagevolume, as the optics of the
microscopehasusually the leastaberrationsin this region and it helpsto avoid possibleboundary
artifacts,which can ariseduring the deconvolution procedure. Especiallyfor wide�eld data it is
importantto recorda suf�ciently large(preferablyempty)region below andabove theactualsample.
Ideally, this region shouldbe as large as the sampleitself. For example,if the samplecovers100
micrometersin thez-direction,thescannedimagevolumeshouldrangefrom 50 micrometersbelow
thesampleto 50micrometersaboveit.

Choosingthe right sampling rate

The samplingrate is determinedby the pixel sizesin the x andy directionsaswell asthe distance
betweentwo subsequentopticalsections,bothmeasuredin micrometers.Generallyspeaking,image
deconvolution works bestif the datais apparentlyoversampled,i.e., if the pixel or optical section
spacingis smallerthanrequired. The maximal requiredsamplingdistance(Nyquist sampling)to
avoid ambiguitiesin thedatacanbeobtainedfrom considerationsin Fourier-spaceyielding

dxy =
�

4NA
;

where� denotesthewavelengthandNA is thenumericalapertureof themicroscope.Similar consid-
erationsyield for themaximaldistancebetweenadjacentimageplanes:

dz =
�

2n (1 � cos(� ))
;

wheren denotestherefractive index of theobjectmediumandalpha theaperturehalf angleasdeter-
minedby NA = n sin(� ).

For a confocalmicroscope,boththe in-planesamplingdistanceandtheaxial samplingdistanceneed
to be in theoryapproximately2 timessmaller. However, this requirementis far too strict for most
practicalcasesand even in the wide�eld case,approximatelyfull�lling the above requirementsis
oftensuf�cient.

Thetotalnumberof opticalsectionsis obtainedby dividing theheightof theimagevolumeby thesam-
pling distancedz . It shouldbementionedthatdeconvolutionalsoworks if thesamplingdistancesare
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notmatchedrigorously, but matchingthemimprovesthechancesto getgoodresults.In general,over-
samplingtheobjectis lessharmfulthanundersamplingit, with oneexception:In thecaseof confocal
data,thesamplingdistancedxy shouldnotbemuchsmallerthanindicated,if theblind deconvolution
algorithmor thenon-blinddeconvolution algorithmtogetherwith a theoreticallycomputedconfocal
PSFareused.OtherwisetheunconstrainedMaximumLikelihoodalgorithmandthepredominantnoise
in thedatamight leadto unsatisfactoryresults.

Black level and saturation

Beforegrabbingimagesfrom the microscope's camera,the light level shouldbe adjustedin sucha
way that saturatedpixels,eitherblack or white ones,areavoided. Saturatedpixelsarepixels which
areclampedto either black or white becausetheir actualintensityvaluesareoutsidethe rangeof
representableintensities.In any case,saturationmeansa lossof informationandthuspreventsproper
post-processingor deconvolution. At thesametime, a high backgroundlevel shouldbe avoidedbe-
causeit decreasesthedynamicrangeof theimagingsystemandthedeconvolutionworksworse.This
meansthatemptyregionsnot showing any �uorescenceshouldappearalmostblack. A background
levelcloseto zerois especiallyimportantwhenbeadmeasurementsareperformedin orderto extractan
experimentalpointspreadfunction.Detailsarediscussedis aseparatetutorial aboutbeadextraction.

1.3 Standard Deconvolution Tutorial

This tutorial explainshow 3D imagedatasetscanbe deconvolved in amira. It is asumedthat the
readeris alreadyfamiliar with thebasicconceptsof amira itself. If this is not thecase,it is strongly
recommendedto work throughthestandardamira tutorials�rst. In this sectionthe following topics
arecovered:

1. Prerequisitesfor deconvolution
2. ResamplingameasuredPSF
3. Deconvolving animagedataset
4. Calculatinga theoreticalPSF

As anexamplewe aregoingto usea confocaltestdataset(polytrichum.am) providedwith theamira
deconvolutionmodules.Thedata�le is locatedin thedirectoryAmira-4.1/data/deconv.

� Loadthedatasetpolytrichum.am.
� Visualizeit, for example,usinga ProjectionView module.

Thedatasetshows four chloroplastsin a sporeof themosspolytrichumcommune.
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Figure 1.1: Maximumintensityprojectionof polytrichum-psf.am

Prerequisitesfor deconvolution

Besidesthe imagedataitself, for the standardnon-blinddeconvolution algorithma so-calledpoint
spreadfunction(PSF)is alsorequired. The PSFis the imageof a singlepoint source,or asa close
approximation,the imageof a single �uorescing sub-resolutionsphere. PSFimagescan either be
computedfrom theory(seebelow) or they canbeobtainedfrom measurements.In thelattercasetiny
so-calledbeadsarerecordedunderthesameconditionsastheactualobject.Thismeansthatthesame
objectivelens,thesamedyeandwavelength,andthesameimmersionmediumareused.Typically, the
imagesof multiplebeadsareaveragedto obtainanestimateof a singlePSF. amira providesamodule
calledBeadExtractfacilitatingthis process.Theuseof this moduleis discussedin a separatetutorial
aboutbeadextraction.At this point let ussimply loada measuredPSFfrom a �le.

� Loadthedatasetpolytrichum-psf.am.
� UsetheProjectionView moduleto visualizeit.

ThePSFappearsasabrightspotlocatedin themiddleof theimagevolume(Figure1.1). It is important
that thePSFis exactly centered.Otherwise,thedeconvolveddatasetwill be shiftedwith respectto
theoriginal image.Also, it is importantthatthePSFfadesout to blackat theboundaries.If this is not
thecase,theblacklevel of thePSFimageneedsto beadjustedusingtheArithmetic module.Finally,
neitherthe PSFnor the imageto be deconvolved shouldexhibit intensityattenuationartifacts, i.e.,
imagesliceswith decreasedaverageintensitydueto exessive light absoprtionin otherslices.If such
artifactsarepresent,they canberemovedusingtheCorrectZDropmodule.
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Figure1.2: ResamplingaPSFusingtheResamplemodule.

Resamplinga measured PSF

Next, selectboth, the PSFand the imagedata. You'll notice that the voxel sizesof both objects
arenot the same. It is recommendedto adjustdifferentvoxel sizesof PSFandimagedataprior to
deconvolutionusingtheResamplemodule.Thedeconvolutionmoduleitself alsoaccountsfor different
voxel sizes,but is doessoby usingpoint samplingwith trilinear interpolation.This is OK aslong as
thevoxel sizeof thePSFis largerthanthatof theimagedata.However, in ourcasethevoxel sizeof the
PSFis smallerthanthatof theimagedata,i.e., theresolutionof thePSFhigher. UsingtheResample
moduleprovidesslightly moreaccurateresultshere,sinceall sampleswill be �ltered correctlyusing
aLanczoskernel.

� ConnectaResamplemoduleto polytrichum-psf.am.
� ConnecttheReferenceport of theResamplemoduleto theimagedatasetpolytrichum.am
� In theModeport of theResamplemodule,choosevoxelsize(seeFigure1.2).
� ResamplethePSFby pressingtheApplybutton.

The voxelsizeoption meansthat the PSFwill be resampledon a grid with exactly the samevoxel
sizeasthe imagedataset,which is connectedto the Referenceport. While the original PSFhada
resolutionof 12x 12x 30voxels,theresampledoneonly has12x 12x 16voxels.However, theextent
of a singlevoxel in z-directionis biggernow.
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Deconvolving an imagedata set

After a suitablePSFhasbeenobtainedwe arereadyfor deconvolving theimagedataset.This canbe
doneby attachinga Deconvolutionmoduleto theimagedata.

� ConnectaDeconvolutionmoduleto polytrichum.am.
� Connectthe Kernel port of the Deconvolution module to the resampledPSF polytrichum-

psf.Resampled.

Oncethedeconvolutionmoduleis connectedto its two inputobjects,someadditionalparametersneed
to beadjusted(for a detaileddiscussionof theseparametersseealsothereferencedocumentationof
theDeconvolutionmoduleitself). Figure1.3showsthesesettings:

Border width: For deconvolutiontheimagedatahasto beenlargedby a guardbandregion. Otherwise
boundaryartifactscanoccur, i.e., informationfrom onesideof the datacanbe passedto the other.
Thereis noneedto maketheborderbiggerthanthesizeof thePSF. However, if thedatasetis darkat
theboundaries,a smallerborderwidth is suf�cient. In our case,let uschoosethebordervalues0, 0,
and8 in thex, y, andz direction.

Iterations:Thenumberof iterationsof thedeconvolutionalgorithm.Let uschooseavalueof 20here.

Initial estimate: Speci�es the initial estimateof the deconvolution algorithm. If constis chosena
constantimageis usedinitially. This is themostrobustchoice,yielding goodresultsevenif theinput
datais verynoisy. We keepthisoptionhere.

Overrelaxation: Overrelaxationis a techniqueto speedup theconvergenceof the iterative deconvo-
lution process.In mostcasesthebestcompromisebetweenspeedandquality is �xed overrelaxation.
Thereforewe keepthischoicealso.

Method: Selectsbetweenstandard(non-blind)andblind deconvolution. Let usspecifythestandard
optionhere.

Theactualdeconvolutionprocessis startedby pressingtheApplybutton.Pleasepressthisbuttonnow.
The deconvolution shouldtake about1-2 minuteson a moderncomputer. During thedeconvolution
theprogressbar informs you aboutthestatusof theoperation.Also, afterevery iterationa message
is printedin the amira consolewindow indicatingthe amountof changeof the data. If the change
seemsto besmallenough,youcanterminatethedeconvolutionprocedureby pressingtheStopbutton.
However, notethatthestopbuttonis evaluatedonly oncebetweentwo consecutive iterations.

Whendeconvolution is �nished, a new datasetcalledpolytrichum.deconv appearsin the Pool. You
might take a look at thedeconvolveddataby moving theProjectionView connectionline from poly-
trichum.amto polytrichum.deconv.

Calculating a theoretical PSF

Sometimesbeadmeasurementsaredif�cult to perform,sothatanexperimentalPSFcannoteasilybe
obtained.In suchcasesa theoreticalPSFcanbe usedinstead.amira providesthemodulePSFGen,
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Figure1.3: Deconvolution moduleattachedto polytrichum.am.

allowing you to calculatetheoreticalPSFs.Themodulecanbecreatedby selectingPSFGenfrom the
CreateOthersmenuof theamira mainwindow.

Oncethemoduleis createdagainsomeparametershave to beentered.The resolutionandthevoxel
sizecanbemosteasilyspeci�edby connectingtheDataportof thePSGGenmoduleto theimagedata
setto beconvolved.In our case,pleaseconnectthis port to polytrichum.am.

In orderto generatea PSF, youalsoneedto know thenumericalapertureof themicroscopeobjective,
the wavelengthof the emittedlight (to be enteredin micrometers!),and the refractive index of the
immersionmedium. In our test examplethesevaluesareNA=1.4, lambda=0.58,andn=1.516(oil
medium).Also, changethemicroscopicmodefrom wide�eld to confocal.

After you presstheApplybutton,thecomputedPSFappearsasanicon labelledPSFin thePool. You
cancomparethetheoreticalPSFwith themeasuredoneusingtheOrthoSlicemodule.You'll noticethat
themeasuredPSFappearsto beslightly wider. This is a commonobservationin many experiments.

Onceyou have computeda theoreticalPSF, you canperformnon-blinddeconvolution asdescribed
above. However, for conveniencethe Deconvolution moduleis also able to computea theoretical
PSFby itself. You can checkthis by disconnectingthe Kernel port of the Deconvolution module.
If no input is presentat this port, additionalinput �elds areshown, allowing you to enterthe same
parameters(numericalaperture,wavelength,refractive index, andmicroscopicmode)asin PSFGen.
After theseparametershave beenentered,thedeconvolutionprocessagaincanbestartedby pressing
theApplybutton.

Notethatany previousresultconnectedto theDeconvolutionmodulewill beoverwrittenwhenstarting
the deconvolution processagain. Therefore,be sureto disconnecta previous result if you want to
comparedeconvolutionwith differentinputPSFs.
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Figure 1.4: ThePSFGenmodulecalculatestheoreticalPSFs.

1.4 Blind Deconvolution Tutorial

Thistutorialexplainshow blinddeconvolutioncanbeperfomedin amira. At thesametimeit describes
how deconvolution jobscanbeprocessedusingtheamira job queue.Like in theprevioustutorial, it
is assumedthat the readeris alreadyfamiliar with the basicconceptsof amira itself. If not, we
recommendto work throughthestandardamira tutorials�rst.

A blind deconvolution example

Let usstartby loadingaraw imagedataset�rst.

� Loadthe�le alphalobe.amfrom thedirectoryAmira-4.1/data/deconv.
� Visualizethedatasetby attachingaProjectionView moduleto it.

The datasethasbeenrecordedusinga standard�uorescencemicroscopeunderso-calledwide�eld
conditions.It shows a neuronfrom thealpha-lobeof thehoneybeebrain. Comparedto theconfocal
datasetusedin thestandarddeconvolution tutorial, alphalobe.amis muchbigger. It hasa resolution
of 248x 248x 256voxelswith auniformvoxel sizeof 1 micrometer. In thexy-planeof theprojection
view thestructureof theneuroncanbeclearly identi�ed. However, thecontrastof the imageis quite
poor becausethereis a signi�cant amountof out-of-focuslight or hazepresent.With amira's blind
deconvolution algorithmwe canenhancethe imagedatawithout needingto know anexplicit PSFin
advance.

� Attacha deconvolutionmoduleto alphalobe.am.
� Adjust theparameterslike shown in Figure1.5.
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Figure 1.5: Parametersfor blind deconvolution.

Theindividualparametershavethefollowing meaning:

Border width: Like for standardnon-blind deconvolution, the imagedatahasto be enlargedby a
guardbandregion. Otherwiseboundaryartifactscanoccur, i.e., informationfrom onesideof thedata
can be passedto the other. In our casewe only provide a small guardbandregion of 8 voxels in
x- andy-direction. In z-directionwe do not provide any borderbecausetherearesuf�ciently many
emptyslicesbelow andabove the actualneuron. The resultingsizeof the dataarrayson which the
computationsareperformedthenis 256 x 256 x 256. Because256 is a power of two (28̂), theFast
FourierTransforms,thecomputationallymostexpensive partof thedeconvolution algorithm,canbe
executedsomewhatfaster.

Iterations: We choosea valueof 25 here. Dependingon the data,usuallyat least10 iterationsare
required.With overrelaxationbeingenabled(seebelow), resultsusallydon't improve muchafter40
iterations.

Initial estimate:Speci�estheinitial estimateof thedeconvolutionalgorithm.Sincethereis not much
noisepresentin the original alphalobeimagesit is safeto choseinput data here. This causesthe
algorithmto convergeevenfaster.

Overrelaxation: Overrelaxationis a techniqueto speedup theconvergenceof the iterative deconvo-
lution process.We enableoverrelaxationby chosingthe�xed toggle.Regularization: We chosenone
herein orderto donoregularization.
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Figure1.6: Dialog for submittingadeconvolution job.

Regularization:We chosenoneherein orderto dono regularization.

Method:We choseblind herein orderto selecttheblind deconvolutionalgorithm.

PSFParameters: For alphalobe.amthenumericalapertureis 0.5,thewavelengthis 0.58micrometers,
andtherefractive index is 1.33(water). Theseparametersarerequiredin orderto applycertaincon-
straintsto theestimatedpoint spreadfunction. They arealsousedin orderto computeaninitial PSF.
If a datasetwould beconnectedto theKernelport of thedeconvolution module,this datasetwould
beusedasthe inital PSFwith thegivenPSFparametersstill actingasconstraints.For example,you
couldprovideameasuredPSFandlet it be�tted to theactualdataby thedeconvolutionalgorithm.

Microscopicmode:alphalobe.amis awide�eld dataset,soselectthis optionhere.

Submitting a deconvolution job

After all parametershave beenentered,thedeconvolution processcanbestarted.On a moderncom-
puter, blind deconvolutionof our testdatasetroughlytakesabout20minutes.Especially, if you want
to deconvolvemultipledatasetsatonceit is inconvenientto dothisin aninteractivesession.Therefore
multipledeconvolutionjobscanbesubmittedto theamira job queueandthen,for example,processed
overnight.Thisworksasfollows:

� PresstheBatch Jobbuttonof theActionport. A dialogasshown in Figure1.6popsup.
� In the dialog choosea �le nameunderwhich you want to save the deconvolveddataset,e.g.

C:/Temp/alphalobe-deconv.am .
� Modify thetext �eld, sothatcheckpoint �les arewrittenafterevery5 iterations.

Checkpoint �les are usedto store intermediateresults. With the above settingsthe deconvolved
data is written into a �le after every 5 iterations. Check point �les are namedlike the �nal
result, but a consecutive number is inserted just before the �le name suf�x. For example, if
the result �le name is 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 wearereadyto actuallysubmitthebatchjob.
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Figure1.7: Theamira job dialogshowing apendingdeconvolution job.

� PresstheSubmitbuttonof thedeconvolution dialog. After a few secondstheamira batchjob
dialogappears,compareFigure1.7.

� Selectthedeconvolution job andpresstheStartbutton.

You now have to wait about20 minutesuntil the deconvolution job is �nished. Oncethe job queue
hasbeenstarted,you canquit amira. The batchjobs will be continuedautomatically. If amira is
still runningwhenthedeconvolution job exits thenthe resultwill be loadedautomaticallyin amira.
Otherwiseyouhaveto restartamira andloadthedeconvolveddatasetmanually.

1.5 BeadExtraction Tutorial

Non-blinddeconvolutionis apowerful androbustmethodfor enhancingthequalityof 3D microscopic
images.However, themethodrequiresthat the imageof thepoint spreadfunction(PSF)responsible
for imageblurring is provided. As statedin the standarddeconvolution tutorial, the PSFcaneither
becalculatedtheoreticallyor it canbeobtainedfrom a beadmeasurement.amira providesa special-
purposemodulecalledBeadExtractwhichfacilitatestheextractionof PSFimagesfrom oneor multiple
beadmesurements.In this tutorial theuseof themoduleshallbeexplained.Thefollowing topicsare
covered:

1. Beadmeasurements
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2. ProjectionView andProjectionView Cursor
3. Resamplingandaveragingthebeads

Beadmeasurements

ThePSFis the imageof a singlepoint sourcerecordedunderthesameconditionsastheactualspec-
imen. It canbe approximatedby the imageof a �uorescing sub-resolutionmicrosphere,a so-called
bead.Performinggoodbeadmeasurementsrequiressomepracticeandexpertise. In orderto obtain
goodresultsthefollowing hintsshouldbeobeyed:

1. Useappropriatebeads. It is importantthat the beadsizebe smallerthanapproximately1=2
full width at half maximum(FWHM) of the PSF. Goodsourcesfor obtainingbeadssuitable
for PSFmeasurementsareMolecularProbes(http://www.probes.com/ ) or Polysciences
(http://www.polysciences.com/ ).

2. Thebeadsmustbesolid. Besidessolidbeads,therearealsobeadswith theshapeof a spherical
shell,allowing to checkthefocusplaneof amircoscope.Suchbeadscannotbeusedasasource
for PSFgenerationin thecurrentversionof amira.

3. Don't recordclustersof multiplebeads.Sometimesmultiplebeadsmaygluetogether, appearing
asasinglebig bright spot.ComputingaPSFfrom suchaspotobviously leadsto wrongresults.

4. Note that beadsarenot resistantto a variety of embeddingmedia. In particularbeadswill be
destroyed in xylene-basedembeddingmediasuchasPermount(FisherScienti�c) andmethyl
salicylate(frequentlyusedto clearup thetissue).As a substituteyou might useimmersionoil
instead,whichhasarefractive index similar to methylsalicylate,for example.

5. Sampleandbeadsshouldalwaysbeimagedascloseto thecoverslipaspossible.Whenit is not
possibleto attachthesampleto thecoverslip,thebeadsshouldalsobeimagedin a comparable
depth,embeddedin the samemountingmedium. Imagingthe beadswith betterquality than
thesamplewill yield a slightly blurreddeconvolution result. However, whenthePSFusedfor
deconvolution is toowide,artifactscanariseduringdeconvolution.
The objective lenseshouldalwaysbe selectedaccordingto the mountingmedium,i.e. if the
sampleis attachedto the slide andembeddedin a buffer of refractive index closeto water, a
severelossof imagequality canbeexpectedwhenusinganoil-immersionobjective without a
correctioncollar. Deconvolutionof properlyimageddatawill allwaysbesupperiorto deconvo-
lution of datasuffering from aberrations.

6. Problemsoccur if the mountingmediumremainsliquid. In that casethe sampledistribution
may not be permanent.If your specimenis to be embeddedin water, you cantry to immerse
thebeadsin anagarosegel of moderateconcentrationinstead.Attachingthesmallbeadsto the
coverslip(for exampleby letting themdry) is oftenalsosuf�cient for immobilization.

An exampleof an imagedatasetcontainingmultiple beadsis provided in the �le beads.amin the
directoryAmira-4.1/data/deconv.
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Figure1.8: Individual beadscanbeinteractively identi�ed usingaCursor module.

� Loadthedatasetbeads.am.
� Visualizethedatausinga ProjectionView module.

Projection View and Projection View Cursor

Thebeaddatasetcontains� vedifferentbeadswhichcanbeclearlyseenin thethreeorthogonalplanes
of theProjectionView module. In orderto obtaina singlePSFwe �rst want to selectseveral “good”
beads. Thesebeadsare then resampledand averaged,thus yielding the �nal PSF. A beadcan be
consideredas“good” if it is clearly visible andif it is not superimposedby otherbeads(evenwhen
defocused),

Selecting“good” beadsis aninteractiveprocess.It is mosteasilyaccomplishedusingtheProjection-
View's Cursormodule. This moduleallows you to selecta point in 3D spaceby clicking on oneof
the threeplanesof the ProjectionView module. The third coordinateis automaticallysetby looking
for the voxel with the highestintensity. Pointsselectedwith the Cursor modulecanbe storedin a
LandmarkSetdataobject.

� Attacha Cursormoduleto theProjectionView module.
� Click onany beadononeof thethreeplanes.
� Storethecurrentcursorpositionin a LandmarkSetobjectby pressingtheAddbutton.
� Selectandaddsomeotherbeadstoo.

The landmarksneednot to be locatedexactly at thecenterof a bead.Theexactcenterpositionscan
be�tted automaticallylateron.

You canremove incorrectbeadpositionsfrom the landmarksetby invoking the landmarkseteditor.
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In orderto activatetheeditor, selectthelandmarksetobjectandpressLandmarkEditorbutton. If you
wantto addadditionalbeadpositionsto anexistinglandmarksetobject,makesurethatthemasterport
of the landmarksetobjectis connectedto theCursor module.Otherwise,a new landmarksetobject
will becreated.

Resamplingand averaging the beads

Now we arereadyto extractandaveragetheindividual beads.This is doneby meansof theBeadEx-
tractmodule.

� ConnectaBeadExtractmoduleto theLandmarksobject.
� Make surethat the Data port of BeadExtract is connectedto the beaddatasetbeads.am. If

the landmarksarestill connectedto thebeadsvia theCursor andProjectionView modules,the
connectionis establishedautomatically.

TheBeadExtract moduleprovidestwo buttonscalledAdjustcenters andEstimatesize, which should
beinvokedin a preprocessingstepbeforethebeadsareactuallyextracted.

The�rst button(Adjustcenters) modi�es the landmarkpositionsso that they arepreciselylocatedin
thecenterof gravity of theindividualbeads.

The secondbutton (Estimatesize) computesan estimatefor thenumberof voxelsof the PSFimage
to be generated.This button is only active if no PSFimageis connectedasa result to BeadExtract.
If thereis a resultobject,the resolutionandvoxel sizesof the resultareusedandthe port becomes
insensitive.

Any of theactionsof thetwo preprocessingbuttonscanbeundoneusingtheUndobutton.Thiscanbe
necessaryfor exampleif two beadsaretooclosesothatnocorrectcenterpositioncouldbecomputed.
In general,overlapsbetweenneighboringbeadsshouldbeavoided.Smalloverlapsmight betolerated
becauseduringresamplingintensitiesareweightedaccordingto thein�uence of surroundingbeads.

� PerformthepreprocessingstepsAdjustcentersandEstimatesize.
� Computea resampledandaveragedPSFby pressingtheApplybutton.

Thedatatypeof theresultingPSFwill be �oat , irrespective of thedatatypeof the input image.The
individual beadswill be weightedon a per-voxel basisand addedto the result. No normalization
will beperformedafterwards.You mayinvestigatetheresultingPSFimageusingany of thestandard
visualizationmodules.In Figure1.10avolumerenderingof theresultingPSFis shown.

In somecasesyou maywantto averagemultiple beadsrecordedin differentinput datasets.This can
beeasilyachievedby creatinga Landmarksobjectfor eachinput dataset. For the�rst input dataset
extract the beadsasdescribedabove. For the other input datasetalsousethe BeadExtract module.
However, make surethatthePSFobtainedfrom the�rst input datasetis connectedasa resultobject
to BeadExtract beforepressingthe Apply button. In order to usean existing PSFasa resultobject
connectthe Masterport of the PSFto BeadExtract (oncethis is donethe ResolutionandVoxel size
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Figure 1.9: TheBeadExtract moduleresamplesandaveragesmultiplebeads.

portsof BeadExtract becomeinsensitive, seeabove). If an existing result is usednew beadssimply
will beaddedinto theexisting dataset. Thereforedatasetsshouldbescaledin intensityaccordingto
their quality prior to beadextractionandsummationto obtaina suitableweightingof the individual
extractedbeadsin the�nal result.

Figure 1.10: The�nal PSFvisualizedusinga Voltex module.
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1.6 Performanceissuesand multi-pr ocessing

Iterative maximum-likelihooddeconvolution essentiallyis the mostpowerful andmost robust tech-
niquefor therestorationof 3D opticalsections.However, it is alsocomputationallyvery demanding.
It cantake several minutes(sometimeeven hours)to processlarge 3D datasets. This is not duean
improperimplementation,but dueto thealgorithmitself. Both theblind andthenon-blindvariantof
themethodrely heavily on fastFourier-transformsin orderto ef�ciently computeconvolutions.If you
wantto improveperformance,try to adjustthesizeof yourdatavolumessothatthenumberof voxels
plustheborderwidth is apowerof two. Sometimesit is worth it to enlargetheborderwidth a little bit
in orderto getapowerof two. Althoughthealgorithmworkswith dataof any size,powersof two can
betransformedsomewhatfaster.

Anotherissueis memoryconsumption.Internally, severalcopiesof thedatasetneedto beallocated
by thedeconvolutionalgorithm. Thesecopiesshouldall �t into memoryat thesametime (a speci�c
variantof thealgorithmsuitablefor working underlow memoryconditionswill beprovidedin a later
version). Besidesthe input dataitself, the following numberof working arraysarerequiredby the
differentmethods:

� 3 working arraysfor thenon-blindalgorithmwith noor with �x edoverrelaxation
� 5 working arraysfor thenon-blindalgorithmwith optimizedoverrelaxation
� 5 working arraysfor theblind algorithm

The numberof voxels of a working array is the productof the numberof voxels of the input data
setplus theborderwith alongeachspatialdimension.Theprimitive datatypeof a working arrayis
a 4-byte�oating point number. For example,if the numberof voxels of the input datasetplus the
borderwidth is 256x 256x 256(asfor thealphalobe.amdatasetin theblind deconvolutiontutorial),
eachworking arraywill beabout64 MB, irrespective of theprimitive datatypeof the input dataset.
Thereforeat least192 MB (3x4x256x256x256 bytes)arerequiredfor non-blinddeconvolution with
�x ed overrelaxation,and320 MB (5x4x256x256x256 bytes)for blind deconvolution. Keepthis in
mind whencon�guring thecomputeronwhich to performdeconvolution! However, alsonotethatfor
mostplatformsit usuallydoesn't make senseto have morethan1.5 GB of mainmemory. For more
memorya 64-bit operatingsystemis required.

Finally, it shouldbe mentionedthat the deconvolution algorithmcanmake useof a multi-processor
CPU board. Although you do not get twice the performanceon a dual-processorPC,a speed-upof
almost1.5 can be achieved. By default, amira usesas many processorsas thereare on the com-
puter. If for somereasonyou want to use less processorsyou can set the environmentvariable
AMIRA DECONVNUMTHREADSto the numberof processorsyou actuallywant to usesimultane-
ously.
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Chapter 2

Working with Multi-Channel Images

This is a step-by-steptutorial on how to visualizemulti-channelimagedata. To follow this tutorial
youshouldbefamiliarwith thebasicconceptsof amira. In particularyoushouldbeableto load�les,
to interactwith the3D viewer, andto connectdisplaymodulesto datamodules.All theseissuesare
discussedin thegettingstartedsection.

We aregoing to load a setof multi-channelimagesinto the workspace,attacha MultiChannelField
groupobjectto thedata,andvisualizeit with severaldisplaymodules.Thestepsare:

1. Loaddatainto amira.
2. Createa MultiChannelField andattachchannelsto it.
3. UsingOrthoSlicewith a MultiChannelField.
4. UsingProjectionView with a MultiChannelField.
5. UsingVoltex with a MultiChannelField.
6. Saving multi-channelimagesin a singleAmiraMesh�le.

2.1 Loading Multi-Channel Imagesinto amira

Thedatawewill beworkingwith in this tutorialareconfocalstacksof theprothoracicganglionof the
locustLocustamigratoria. They werekindly providedby Dr. Paul Stevenson,Universityof Leipzig,
Germany. Two differentchannelswererecordedandstoredasseparate�les.

amira supportsa numberof proprietarymulti-channelformatsof severalmicroscopemanufacturers
(e.g.,LeicaandZeiss).In suchformatsall channelsarestoredin asingle�le. Thereforethe�rst steps
describedin this tutorial,namelygroupingthechannelsmanually, canoftenbeomitted.

� Loadchannel1 databy selectingthe�le /data/multichannel/channel1.info



Figure 2.1: Dataobjectsareconnectedto theMultiChannelField objectwith a right mouseclick on thewhite squareindicated
by thearrow.

� Loadchannel2 databy selectingthe�le /data/multichannel/channel2.info
� CreateaMultiChannelField objectby selectingMultiChannelField from theCreatemenuof the

amira mainwindow.

A darkgreenicon is displayedin thePool.After youselecttheobject,aninfo port is displayedsaying
”no channelsconnected”.

� Connectchannel1.infoto theMultiChannelField by selecting'Channel1' from theMultiChan-
nelField'sconnectionmenu(right mouseclick in thesmall�eld on theleft sideof theicon)and
releasingit on thechannel1.infoicon.

� Repeattheaboveprocedurewith channel2.info

WhentheMultiChannelField is selectedyouwill notethattwo entries,channel1 andchannel2, appear
in themodule'scontrolpanel.Eachentryhastwo rangetext �elds andacolormaparea.Therangetext
�elds work very muchlike thosein OrthoSlice. Presstheright mousebuttonover thecolormaparea
to bringup acontext menuthatwill allow you to connecta colormap,edit thecolormap,andsoforth.
If constantcolor is selected,doubleclicking in thecolormapareapopsup a color dialogthatletsyou
freelyde�ne thecolorof eachchannel.

Now perhapsit is a goodideato activatethe pins correspondingto Channel1 andChannel2 in the
PropertiesArea. This will keepthecontrolelementsof theMultiChannelField modulepermanentin
thePropertiesArea.

2.2 UsingOrthoSlice with a MultiChannelField

� Connectan OrthoSlicemoduleto theMultiChannelFieldby right clicking on the icon andse-
lectingOrthoSlicefrom thecontext menu.

WhenselectingtheOrthoSlicemodule,you will seethat therearetwo additionalcheckboxesin its
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Figure 2.2: Whenconnectedto a MultiChannelField objecttheOrthoSlicemodulehasadditionalcheckboxescorresponding
to thenumberof connectedchannels.

controlpanelcorrespondingto thetwo channels.Clicking thesecheckboxesletsyouselectivelyswitch
on/off eachchannel.First,we adjusttheintensitymappingof eachchannelseparately.

� Switchoff channel2 by deselectingits checkbox.
� Enter23and200in themin andmaxrange�elds of channel1.

As aresult,weakstainings–potentiallyunspeci�cstaining– disappearandthosestructuresthatexhibit
goodstainingbecomeevenmoreintense.

� Click off channel1 andclick onchanneltwo.
� Enterthevalues8 and200in themin andmaxtext �elds of channel2. Movethroughtheslices

to seetheresults.

2.3 Using ProjectionView with a MultiChannelField

� Switchoff theOrthoSliceby clicking on theviewer toggleof its icon(orangerectangle).
� Connecta ProjectionView moduleto theMultiChannelFieldby right clicking on the icon and

selectingProjectionView from theDisplaysubmenu.

As with theOrthoSlice, two new checkboxesareshown in themodule's controlpanelwhich canbe
usedto displaychannelsseparatelyor simultaneously. In thiswayyoumayef�ciently adjustthecolor
andintensityof eachchannelbeforedisplayingthemsimultaneously.
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Figure 2.3: Multi channeldatavisualizedusingtheOrthoSlicemodule.

Figure2.4: Multi channeldatavisualizedusingtheProjectionView module.
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Figure 2.5: Multi channeldatavisualizedusingtheVoltex module.

2.4 Using Voltex with a MultiChannelField

� Switchoff theProjectionView by clicking on theviewer toggleof its icon (orangerectangle).
� Connecta Voltex moduleto theMultiChannelFieldby right clicking on the icon andselecting

Voltex from theDisplaysubmenu.

Herealso,two channelcheckboxesareavailable.Furthermore,thefamiliarcolormap�eld is missing.
InsteadthereisasliderlabelledGamma. Now thecolorof eachchannelisdeterminedby thatde�nedin
theMultiChannelField andtheGammaslidercontrolsthesteepnessof thealphavalue(opacity)map-
ping usedfor volumerendering.Becausevolumerenderingmakesintensive useof hardwaretexture
mappingandmostconsumergraphicsadaptersarelimited in texturememorysize,it is recommended
to enterat leastfactorsof 2 2 1 in theDownsampletext �elds of theVoltex module.

� PresstheApplybutton.

Eachtime youwantto displayanotherchannel,youmustpresstheApplybuttonagain.

2.5 Saving a MultiChannelField in a SingleAmiraMesh File

WhentheMultiChannelField icon is selectedin thePool,chooseSaveData As from theFile menu,
entera �lename, andclick OK. The datawill be storedin AmiraMeshformatso thateachtime you
loadthedatathetwo channelstacksandtheMultiChannelField groupobjectwill berestored.
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Chapter 3

SkeletonTutorial

This is a step-by-steptutorial on how to useLargeDisk Datato analyzemicro-vascularnetworks in
humanbrain tissue.To follow this tutorial you shouldbe familiar with thebasicconceptsof amira.
In particularyou shouldbe ableto load �les, to interactwith the 3D viewer, andto connectdisplay
modulesto datamodules.All theseissuesarediscussedin thegettingstartedsection.

Wearegoingto load4 overlappingbricksof a largedataset.Thegoalis to mergethesebricksinto one
largevolume(LargeDisk Data).Thevolumewill bestoredon disk only – subvolumescanbeloaded
into memory. Somebasicoperationscandirectlybeappliedto thelargevolume.

For thetutorial youshouldhaveaccessto a directoryto whichyou'reallowedto write �les.

Wedon't provideany TIFF datawith this tutorial. Hopefullyyouhaveacoupleof blocks(AmiraMesh
format)to testthealgorithmon. Generallyit is a goodideato import theminto amira andspecifyan
approximateboundingboxnearthecorrectposition.

3.1 Importing your ImageData

You shouldhave your imagedataasstacksof numbered2D images.The topmostslice shouldhave
the lowestnumber. File formatsrecognizedby amira canbefoundin theFile Formatssectionof the
user'sguide.A goodchoiceis TIFF becauseit provideslosslesscompressionandis readableonmany
differentsystems.

You shouldalsoknow the positionin 3D of the lower left front cornerof the brick you're going to
import andthevoxel size.

ChooseFile/OpenData.... A File Dialogpopsup. Youcannow selectall of the2D imagescomprising
thebrick. After youpressLoad, anotherdialogpopsup:



Enterthepositionandthevoxel sizeof your block. After you pressOK, the �les areloadedinto one
block. A new greeniconwill appearin thePool.Selectit andselectFile/SaveDataAs...to storeit on
disk. Nameit 1ta.am. In this wayyoushouldproceedwith all of yourdata.

3.2 Arranging the Bricks

After importingyourdata,youshouldcopy the�les to anotherdirectorywhereall theprocessingwill
bedone. In this way theoriginal datais not touchedandyou canrevert backto it if somethinggoes
wrong.

amira hasa specialdataobject to storelinks to �les on disk andarrangethem in 3D. It is called
Mosaic.

� CreateaMosaicby selectingMosaicfrom theCreate/Skeletonmenuof theamira mainwindow.

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

� Presstheadd�les button.
� Select the �les, e.g 1ta.am, 1tb.am, 2ta.am, 2tb.am in the directory

$AMIRA ROOT/data/tutorials/skeleton . You can select multiple �les at once
by clicking on the�rst oneandshift clicking on thelastone.

� PressLoad.

Theselected�les areaddedto theMosaic.TheInfo portshowstheoverallnumberof thebricksadded
up to now. Youcanvisualizethebrickswith theDisplayMosaicmodule.
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� Create a DisplayMosaic module by right clicking on the Mosaic and selecting Skele-
ton/DisplayMosaicfrom thecontext menu.

� Selecttheyellow DisplayMosaiciconandswitchthehighlightedbrick by draggingthesliderin
theinterationarea.

� Save theMosaic.

3.3 Aligning Bricks

A specialmoduleallows to exactlyalign thebricksbasedon theirgrayvalues.

� AttachanAlignBlocksmoduleto theMosaicby selectingSkeleton/AlignBlocksin thedatacon-
text menu.

� If yousavedthemosaicalready, its �lename appearsin Mosaicname.
� PresstheApplybuttonto starttheprocessing.

A maximumintensityprojection(mip) of eachblock is computed.Thesemips arealignedandthe
resultingtransformationsareappliedto thebricksondisk.

3.4 Filtering, Corr ecting Z-Dr op, Resampling

It is possibleto applythesameoperationto all thebricksatonce.To dothisyoumustcreateatemplate
for thisoperation.Thiscouldeitherbeonebrick with aneditor(e.g.Digital ImageFilters) attachedor
acomputemodule(e.g.Resample). We'regoingto demonstratethesetwo examplesnow. But �rst we
shouldcorrectfor theZ-Drop:

� Loadonebrick of themosaicby usingtheFile/OpenData...menu.
� Attacha Deconv/CorrectZDropmoduleto thebrick.
� PressApplyto startthecorrectionprocedureandchecktheresult.
� AttachanApplyTemplateToMosaicscriptobjectby right clicking on theMosaicandselecting

ApplyTemplatefrom theSkeletonsubmenuin thecontext menu.
� Attach the Templateconnectionof the ApplyTemplateToMosaicmoduleto the CorrectZDrop

module.
� SelectApplyTemplateToMosaicandpressApply.

Next we'regoingto applya digital �lter to all blocks:

� Loadonebrick of themosaicby usingtheFile/OpenData...menu.
� Selectthedataiconof thebrick.
� Attacha Digital ImageFilter by pressingtheDigital Filtersbuttonin thePropertiesArea.
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� SelectGaussfrom theFilter port,andapplyit. TochecktheresultsyoucanattachanOrthoSlice.
� AttachtheTemplateconnectionof theApplyTemplateToMosaicmoduleto the�lter object(with

thedataattached).
� SelectApplyTemplateToMosaicandpressApply.

Anotheruseful�lter might be Median2Dor the Median3D. For Median3D, selectMedianfrom the
�rst pulldown menuof theFilter port,and3D from thesecondpulldown menu.Theapplicationof the
latter�lter takessometimebut leadsto goodresults.

Thescriptobjectstartsto loadeachbrick of themosaic,appliesthe�lter to it, andwritesit backto the
samelocationondisk. Thereare nowarningsaboutthis overwrite.

In thenext stepwe'regoingto resampleeverybrick to anisotropicvoxel size.This is only anoptional
stepandmight leadto smoothercentrallines in thefollowing processing.But it increasessizeof the
dataon disk by a factorof aboutthree. You shouldcarefully considerwhetheryou want to perform
thisstepor not.

� Attach a Resamplemoduleto the brick loadedbeforeandselectMode: voxelsizeandadjust
Voxelsize:z to getanisotropicresult.

� PressApplyto starttheresamplingprocedureandchecktheresult.
� AttachtheResamplemoduleto theTemplateconnectionof theApplyTemplateToMosaicmod-

ule.
� PressApplyof theApplyTemplateToMosaicmodule.

All bricksareresampledandsaved to thesameposition. It is a goodideato sampleall bricks to an
isotropicvoxel size. It improvestheresultof thedistancemapandtheskeletonizationwe're goingto
apply.

As astandardpre�ltering procedureyoushould:

� Apply theZDropCorrection.
� Apply a 2D median�lter .
� Apply a 3D Gaussian�lter with a smallsigma(1 or smaller).

If theresultsarenot satisfactory, you shouldtry to extendthepre�ltering step.

3.5 Creating the Lar geDisk Data

Thenext stepis to createanew LargeDisk Dataobjectandsamplethebricksontoit. Theoverlapping
regionscanbeblendedwith eachotheranda bordercanbeadded.

Note: The thinningalgorithmexpectsa blackborderaroundthedata. Thebordershouldbeat least
of sizelenOfEndsusedduringthinning(seebelow). By default a borderof 15 voxelson eachsidein
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eachdimension.Besureto checkthis if youmanuallysetlenOfEnds.

� Attacha MosaicToLargeDiskDatato theMosaicby right clicking on theMosaicandselecting
Skeleton/MosaicToLargeDiskDatafrom thesubmenuin thecontext menu.

� SelecttheredMosaicToLargeDiskDataicon.

Youcanseesomeoptionsin thePropertiesArea.Thedefaultoptionsare�ne for thetutorial.

� A default �lename derivedfrom themosaicis displayedin theFilenameport. You might want
to overrideit.

� PresstheApplybutton.

A new greenicon which representsthenew dataobjectwill appearin thePool. After this thebricks
will beloadedoneaftertheotherandwill besampled.Thismaytakesometime.

� Selectthenew greenicon (titled Image).

In thePropertiesAreasomeinformationaboutthedatastoredondisk is displayed.Next,

� Deleteor switchoff theDisplayMosaicmodule.
� ConnectaBoundingBoxto theMosaicicon.
� ConnectaBoundingBoxto theImageicon.

Thesecondboxis slightly biggerthantheboundingboxof theMosaic.Thisis dueto theborderadded
by theMosaicToLargeDiskDatamodule.

3.6 Accessingthe Lar geDisk Data

You can't directly visualizetheLargeDisk Databy e.g. attachinganOrthoSlice.Beforeyou cando
this, you mustselecta subvolumeandloadthis subvolumeinto thePool. TheSubvolumewill bean
ordinaryamira �eld andyou canuseall themodulesthatyou normallyuse.It maybea goodideato
cleanup thePoolnow, but it' snot required.TheMosaicis no longerneeded.

� Connectan Accessto the Imageobjectby right clicking on it andselectingAccessfrom the
popupmenu.

� SelecttheredAccessicon.

In theviewer you canseea draggerbox in onecornerof theboundingbox of the LargeDisk Data.
You canclick anddragthecornersor thefacesof thebox to specifythesubvolumeyou wantto load.
In thePropertiesAreathecorrespondingdimensionsaredisplayed.
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� Dragtheboxsomewhereinsidethevolume(For thisyouneedto switchtheviewer into interac-
tion mode).

� PresstheApplybutton.
� AttachanOrthoSliceto thenew greenicon(Image.view).
� SelecttheAccessobject,thentoggleon theauto-refreshcheckbox.
� Dragthebox in theviewer.

By settingauto-refreshon,every timeyou dragtheboxanautomaticreloadis startedandall modules
downstreamof theview arerecomputed.This is aneasyway to scanthroughthe largevolume. Try
differentdisplaymoduleson theImage.view, e.g.,anisosurface.

3.7 Computing dir ectly on the Lar geDisk Data

Somecomputationmodulesareableto handletheLargeDisk Datadirectly. Theseincludethreshold-
ing, computationof a distancemap,thinning,extractinga line setfrom a voxel skeleton,andcompu-
tationof thethicknessof the lines(evaluatingthedistancemapat thepointsof thelineset).All these
stepsarepresentedin thissubsection.

The�rst stepis to applyasimplethresholding.

� Attacha Thresholdto the Image icon by right clicking on it andselectingThresholdfrom the
Skeletonsubmenuin thepopupmenu.

� Selectanappropriatethresholdin thePropertiesArea.
� Selecta �lename you want to storethe result to. In the tutorial we will usethe default name

Image.labels.
� PresstheApplybutton.

A new greenicon that containsthe labelswill appear. Connectan Accessmoduleto it asdescribed
aboveandhavea look at theresults.

Youmight wantto correcttheresultof thesegmentationproceduremanually. This might beusefulto
�ll big vesselsor remove uninterestingparts. amira hasa segmentationeditor to performthis task.
Dueto thesizeof thedata,youwill have to work onsubblocksof thewholedataset.

In thenext stepwe'll calculatea distancemapof theobject.

� AttachaChamferMapto theImage.labelsiconby right clicking onit andselectingChamferMap
from theSkeletonsubmenuin thepopupmenu.

� Specifyan�lename (thedefault is OK for thetutorial).
� PressApply.

A new greenicon namedImage.dmwill appear. Connectan Accessmoduleandhave a look at the
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distancemap.

Thethinningprocedureneedsthelabelsandthedistancemapasinput.

Note: The thinning algorithm automaticallydetectsendpointsof vessels. A parameteris usedto
distinguishthemfrom ”noise” on the surfaceof the vesselsto avoid spuriousbranches.You might
want to changethis parametermanuallyin theconsole.UseThinner setVar lenOfEnds 10
to setthelengthof theendsto 10voxelsbeforethey aredetectedasunconnectedends.This is a rather
largevalueleadingto only a few branches.Thedrawbackis thatyoualsomightmissrealendpoints.It
will bereallyhardto detectsucherrorsduringthenetwork check.But in generalwe think it is agood
ideato avoid spuriousbranchesdirectlyduringthinning.

� Attacha Thinnerto theImage.labelsiconby right clicking on it andselectingThinnerfrom the
Skeletonsubmenuin thepopupmenu.

� Connectthe port for the distancemap to the Image.dmicon. You can achieve this by right
clicking on thewhite squareon the left sideof theExtThinnericon andselectingDistmap. A
blueline is attachedto themousepointer;afteryouclick ontheImage.dmicon,thetwo modules
areconnected.

� Specifya �lename (thedefault is �ne for thetutorial).
� PressApply.

A new greenicon namedImage.thinnedwill appearandthe thinning processis started.It may take
sometime beforeit �nishes. We will directly go onandconvert theresultinto a linesetbeforevisual-
izing it.

� Attacha TraceLinesto theImage.thinnedicon by right clicking on it andselectingTraceLines
from theSkeletonsubmenuin thepopupmenu.

� Unselecttheclustertogglein thePropertiesArea.
� PressApply.

Thenew icon thatis visiblenow in thePoolis a lineset,whichyouareprobablyalreadyfamiliarwith.
Youcanvisualizeit by connectingaLineSetView.

� CreateanLineSetView moduleby right clicking ontheImage.linesetandselectingLineSetView
from thecontext menu.

Thelinesareratherjaggybecausethey connectcentersof voxels.To getsmootherlinesyoucanusea
Tcl commandin theconsole.

� TypeImage.lineset smooth into theamira consolewindow. You canrepeatthis if you
would preferevensmootherlines.

You canusethe CheckNetwork modulefrom the Skeletonsubmenuin the context menuto remove
shortends.
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In the last stepof this subsectionwe will computea thicknessfor every point on the lines. For the
thicknesswe usethevaluesof thedistancemap.

� AttachanEvalOnLinesto the Image.lineseticon by right clicking on it andselectingEvalOn-
Linesfrom theComputesubmenuin thepopupmenu.

� Connectthe port for the distancemap to the Image.dmicon. You can achieve this by right
clicking onthewhitesquareontheleft sideof theEvalOnLinesiconandselectingField. A blue
line is attachedto themousepointer;afteryouclick on theImage.dmicon,thetwo modulesare
connected.

� PressApply.

Themoduledoesn't createanew dataicon. It is morelikeaneditorandchangestheconnectedlineset.
It addsa datavaluefor every vertex in the linesetandcalculatesthevalueof the �eld at thepoint of
thevertex. Youcanvisualizethedatawith theLineSetView.

� SelecttheLineSetView by clicking on it.
� In thePropertiesAreathereis adropdown menucalledColorMode. Click on it andselectData

0.
� Right click on the rectangularareain the row Colormap. A popupmenuappears. Select

physics.icol.
� Changetherangeof thecolormapby clicking into text �eld right of thecolormapandtype in

15.

You seethat the lines arenow colored. The color is an indicatorfor the local radiusof the original
object.

3.8 Regionof Inter est

During visualizationof large datasetsthereis often the needto restrict the displayedgeometryto a
subvolumeof the total dataset. It would be nice if differentmodulessharedthe samevolume and
thevolumecouldbechangedsimultaneouslyfor all of them. In amira thereis a specialmodulethat
providesthis possibility; it is calledSelectRoi. You canattachit to every spatialdataobject. Some
displaymoduleshavea connectioncalledROI thatcanbeattachedto theSelectRoimoduleto restrict
theview.

� Removeall objectsexceptfor theImage.linesetandtheLineSetView.
� Createa SelectRoimoduleby right clicking on the Image.linesetandselectingSelectRoifrom

theDisplaysubmenuof thecontext menu.
� ConnecttheConnectionnamedROI of theLineSetView to theSelectRoimodule. To do this,

right click on thewhite squareon theleft sideof theLineSetView icon andselectROI. A blue
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line is attachedto themousepointer;afteryouclick on theSelectRoiicon, thetwo modulesare
connected.

� Switch the viewer to interactionmodeandclick anddragoneof the greensquares.This will
adjusttheRegion of InterestandtheLineSetView will adoptthenew restrictionimmediately.

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

Whenworking with a smallsubsetof thelineset,it is possibleto do moreinvolvedvisualizationsthat
requiremoregraphicspower. For example,the lines canbe displayedastubesthat re�ect the local
thickness.

� Choosearathersmallpartof thelineset.
� SelecttheLineSetView.
� Click on theShapedropdown menuandselectCircle.
� Click on theScaleModedropdown menuandselectData0.
� MovetheScaleFactorsliderto 2.

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

Note: Thedatavalueassociatedwith thelinesis thelocal radius.TheLineSetView scalesby thelocal
diameter. To scaleto thephysicalsizeyou thereforemustuseaScaleFactorof 2.

In thenext stepwe're goingto loada partof the imagedatathat is alsodeterminedby theSelectRoi
module. You cantheneasilyload thesamesubvolumefrom differentlda �les if you connectall the
Accessmodulesto onecommonSelectRoimodule.

� Loadthe�le Image thatyousavedbefore.
� AttachanAccessmoduleto it (seeaboveif youdon't know how).
� Connectthe ConnectionnamedROI of the Accessto the SelectRoimodule. This is donethe

sameway aswith theLineSetView.
� SelecttheAccessmodule,thenpresstheApplybutton.
� Attacha ProjectionView displaymoduleto thenewly displayedgreenImage.view icon.
� Youcando thesamefor theImage.labels �le.

All theLargeDataAccesmodulesyoucreatedarenow restrictedto thesamevolumeandcaneasilybe
movedby oneclick-and-dragoperation.
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3.9 CheckNetwork

In this subsectionwe'd like to presenta modulethatcanbeusedto jump to all endpointsof a lineset
andcreatesomeniceviews for checkingif theendpointsare�ne or if they shouldbeedited.

� Createa CheckNetwork moduleby right clicking on theImage.linesetandselectingCheckNet-
work from theSkeletonsubmenuof thepopupmenu.

� ConnecttheSelectRoiconnectionof theCheckNetworkto theSelectRoimodule(right click on
the white squareat the left of CheckNetwork, selectSelectRoi,click on the yellow SelectRoi
icon).

� SelecttheAccessmodule,andtoggleon theauto-refreshcheckbox.
� Adjust thesizeof thelinesby selectingtheLineSetView andchangingtheScaleFactorsliderto

approximately0.15.
� SelecttheCheckNetworkmodule.
� PresstheNext Endpointbutton.
� By repeatingthelaststepyou canjumpthroughall endpoints.

3.10 Coloring a LinesetAccording to its Depth Value

It canbeusefulto color thelinesin differentways.In thenext examplewe'regoingto color thelineset
by thelocal z value.This is donein two steps:

� CreateaScalar�eldwhichprovidesthedepth(z value).
� Evaluatethis valueon thelinesandusea LineSetView.

To createtheScalar�eld:

� SelectCreate/Data/Scalar�eld.
� Selectthenewly createdicon.
� Typez into theExpr �eld.

Thenext stepit to evaluatethis scalar�eldon thelineset.You cando this by selectingthelinesetand
typing into theconsole.

Hint: Pressthe<TAB>key to getthenameof theselectedmodule.

� Type lines computeData scalarfield 2 to evaluatethe data(Fill in your speci�c
namesfor lines and scalarfield ). The2 indicatesto storethedatavaluesasdata2 in
thelineset.

� Attacha LineSetView andusedata2for color coding.
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Chapter 4

ResolveR T

4.1 BeadExtract

This modulecanbeusedto resampleandaveragetheimageof oneor multiple beads,i.e., �uorescing
sub-resolutionmicrospheres,therebyobtainingan approximationof a point spreadfunction (PSF)
requiredfor non-blinddeconvolution.

The modulemust be connectedto the imagedataset containingthe measuredbeadsas well as to
a landmarksetindicatingthecenterpositionsof all beadsto beresampledandaveraged.Thewhole
processof obtainingapointspreadfunctionfrom abeadmeasurementis describedin aseparatetutorial
onbeadextraction. Pleasereferto this tutorial for moreinformationonhow to usethemodule.

PresstheApplybuttonto actuallyextractthebeadswith thecenterof theresultingdatasetcorrespond-
ing to thecurrentpositionsof the landmarks.The imagevolumearoundevery landmarkis extracted
andresampledusingaLanczos�lter (comparetheResamplemodule).Theresampledbeadimagesare
thenaddedto theresultobject.The�nal PSFis notnormalized.

Connections

Data [required]

Connectionto auniform imagedatasetcontainingmeasuredbeads.

Landmarks [required]

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



Ports

Inf o

Displaysthenumberof beadsto beresampledandaveraged.

Resolution

Speci�esthenumberof voxelsof the�nal PSFimageto begenerated.If a PSFimageis connected
asaresultobjectto thismodule,theportbecomesinsensitiveandthenumberof voxelsof theresult
objectareused.

Voxelsize[um]

Speci�esthevoxel sizeof the �nal PSFimageto begeneratedin micrometers.If a PSFimageis
connectedasa resultto this module,theport becomesinsensitive andthevoxel sizeof the result
objectis used.

Preprocess

Adjustcenters: If this button is pressed,the landmarkpositionsof the datasetconnectedto port
Landmarksareshiftedto the centerof gravitiy of the correspondingbead. It is requiredthat the
initial landmarkpositionsbe inside the beadimagesand that neighboringbeadsdo not overlap
signi�cantly. Otherwiseincorrectcenterpositionsmaybecomputed.

Estimatesize:If thisbuttonis pressed,thedesirednumberof voxelsof the�nal PSFimagespeci�ed
in port Resolutionare computedautomatically. Before this is donethe beads'centerpositions
alreadyshouldhave beenadjusted. The estimateis computedby determiningthe extent of the
biggestspot aroundany landmark. Again, it is requiredthat neighboringbeadsdo not overlap
signi�cantly. The Estimatesizebutton becomesinsensitive if a resultobject is connectedto the
module.In thiscasealwaysthesizeof theexistingPSFimagewill beused.

Undo: Undoestheeffectof any of theprevioustwo buttons.For example,if wrongcenterpositions
have beencomputedafterpressingAdjustcenters, theoriginal landmarkpositionscanberestored
usingtheUndobutton.

4.2 Convolution

This moduleconvolves two uniform 3D dataobjectswith eachother by Fourier transformingthe
two inputs, multiplying them, and then transformingthemback. The moduleis part of the amira
deconvolutionmodules. It canbeusedfor exampleto verify theresultsof imagedeconvolution.
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Theboundingbox andvoxel sizesof theinput datasetandtheconvolutionkernelareignoredby this
module.UsetheResamplemoduleto makesurethattheresolutionof bothinputsis identical.

PresstheApplybuttonto startthecomputation.

Connections

Data [required]
Thedatasetto beconvolved.

Kernel [required]
Theconvolutionkernel.

Ports

Border width

De�nes thesizeof theborderregion. A borderregion is necessaryif theinputdatasetdoesn't fade
out to blackat theboundaries.

Options

If normalizekernelis selected,theintegralof theconvolutionkernel(connectedto portKernel) will
benormalizedto one. If this is not thecase,theintensitiesof theconvolveddatasetwill bescaled
by theactualintegral.

If applynoiseis selected,thevaluesof theconvolveddatasetwill bemultipliedby randomnumbers
uniformly distributedaround1 (whitenoise).

Noiselevel

This port will only be shown if the apply noiseoption of the Optionsport hasbeenselected.It
speci�estheamountof noiseappliedto theoutput,i.e., therangeof therandomnumbersaround1,
by which theresultis multiplied.

4.3 Corr ectZDrop

This moduleletsyou �x artifactsin 3D microscopicimagescausedby light absorptionin otherslices.
If suchartifactsarepresent,theaverageintensityin lowerslicesseemsto bedecreased.Thisso-called
z-drop or intensityattenuationcanbe correctedautomaticallyby �tting an exponentialcurve to the
averageintensitiesin eachof theslices,or manuallyby providing a user-de�ned formula.

PresstheApplybuttonto startthecomputation.
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Connections

Data [required]

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

Ports

Mode

Letsyouselectbetweenautomaticmodeandmanualmode.

Expression

This port is only available if manualmodehasbeenselected.It providesa text �eld whereyou
canentera formulaspecifyinga factorusedto multiply the intensityvaluesin eachslice. Within
the formula the variableu speci�es the slices. u will take the value0 for the �rst slice and1 for
the last slice. For theotherslicesit takesintermediatevaluesdependingon the actualslice loca-
tion (this makessupportof stacked coordinateseasy). 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 bedisplayedin
theport's text �eld.

4.4 DataPreprocess

Thismodulecanbeusedto applybothabackgroundanda�at�eld correctionto araw 3D imagestack.

For thebackgroundcorrection,asinglebackgroundimagemustbeprovidedat thebackgroundportof
themodule.Thebackgroundimageshouldbeanearlyblackimagerecordedwith thecamera'sshutter
closed.This imageis subtractedfrom all slicesof the3D input dataset,thuscompensatingfor any
darkcurrentof thecamera'sCCDdetector.

For the�at�eld correction,asingle�at�eld imagemustbeprovidedat the�at�eld portof themodule.
The�at�eld imageshouldbeanunfocusedalmostwhite imagetakenfrom a dropof homogeneously
�uorescing dye. The intensitiesof the 3D input imageare thenscaledaccordingto the normalized
intensitiesof the �at�eld images.The input imagegetsbrighterat pixels wherethe �at�eld is dark
andvice versa.In this way non-uniformsensitivity of thecamera'sCCD detectoris compensatedfor.
If botha �at�eld anda backgroundimagearepresent,thebackgroundis subtractedfrom the�at�eld
too.

PresstheApplybuttonto startthecomputationandproducea correctedoutputdataset.
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Connections

Data [required]

The raw 3D imagestackto be corrected. Any regular scalar�eld with uniform coordinatesis
supported.

Background [optional]

An optional2D backgroundimagewith thesamenumberof voxelsin thex andy directionsasthe
3D input image.If aninput is presentat thisport,abackgroundcorrectionis performed(seeabove).

Flat�eld [optional]

An optional2D �at�eld imagewith thesamenumberof voxelsin thex andy directionsastheinput
image.If aninput is presentat this port,a �at�eld correctionis performed(seeabove).

Ports

Background

Displaysthemeanvalueandthestandarddeviation of thebackgroundimage,if suchan imageis
present.Only the�rst sliceis considered.

Flat�eld

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

4.5 Deconvolution

This module is the front-end for deconvolving 3D microscopicimages. Two different iterative
maximum-likelihoodimagerestorationalgorithmsareprovided,a non-blindoneanda blind one.For
a generaldescriptionof thedeconvolutionprocess,pleasereferto theprovidedtutorials.

Theresultingdeconvolveddatasetwill bestoredin thePool. If noinputPSFis speci�edor if theblind
deconvolutionalgorithmhasbeenselected,theestimatedPSFwill bestoredin thePoolalso.

Pressthe Apply button to start the deconvolution process.Sincedeconvolution is a time consuming
operation,it optionallycanbeperformedasa batchjob (seetheActionportbelow).

Connections

Data [required]

Thedatasetto bedeconvolved.
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Kernel [optional]

Thepointspreadfunction(PSF)to usedfor deconvolution. If noPSFis speci�ed,anestimatedPSF
is calculatedautomaticallybasedon thenumericalapertureof themicroscope,thewavelengthof
theemittedlight, andtherefractiveindex. If ablind deconvolutionis to beperformed,aninputPSF
(if connected)will beusedasaninitial estimate.

Ports

Border width

De�nes thesizeof theborderregion. A borderregion is necessaryif theinputdatasetdoesn't fade
out to blackat theboundaries.For performancereasonsit might advisableto choosevaluessuch
that the sumof the sizeof the input datasetandthe borderwidth resultsin a power of two. For
example,if thedatasetconsistsof 118slices,a borderwidth of 10 slicesin z directionwould bea
goodchoice.

In thecaseof wide�eld datait is sometimesadvisableto havetheborderwidth in z directionexactly
aslargeasthedatasetitself. If this is thecase,theborderregionwill beinitializedby mirroring the
valuesfrom theactualdatavolume.Otherwise,thevaluesof the�rst sliceandof thelastslicewill
beinterpolatedlinearly.

Iterations

Speci�esthenumberof iterationsof thedeconvolutionprocedure.

Initial estimate

Speci�estheinitial estimateof thedeconvolutionalgorithm.If constis chosen,a constantimageis
usedinitially. Often, this yieldssmootherresultsthanthesecondoption,namelyinput data. The
third option (previousresult) is only availableif the input datasethasalreadybeendeconvolved
previously. Usethis optionif youwantto applysomeadditionaldeconvolutioniterations.

Overrelaxation

Overrelaxationis a techniqueto speedup the convergenceof the iterative deconvolution process.
In mostcases�xed overrelaxtionis a goodchoice.For non-blinddeconvolution alsoanoptimized
overrelaxationtechniqueis available. This methodfurther acceleratesconvergencebut is more
memoryandtime consuming.

Regularization
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Thisport speci�esif youwantintensity-basedregularizationor not.

Method

Thisport speci�eswhetherstandard(non-blind)or blind deconvolutionshouldbeused.

PSFParameters

Parametersfor calculatingthepointspreadfunction.Thisportwill only beshown if standard(non-
blind) deconvolution hasbeenselectedandno input PSFwasspeci�ed, or if blind deconvolution
hasbeenselected,in whichcasetheseparametersactasconstraints.

NA denotesthenumericalapertureof themicroscope.lambdadenotesthewavelengthof theemitted
light in micrometerswith thevoxel sizesalsobeinginterpretedin micrometers.Finally, n denotes
therefractive index of thespecimen.

Micr oscopicMode

Selectswhethertheinputimagehasbeenrecordedusingawide�eld microscopeor usingaconfocal
microscope.This is importantfor the PSFgenerationaswell asfor the selectionof appropriate
constraintsduringblind deconvolution.

Action

Sincedeconvolution is a time consumingoperation,it optionallycanbeperformedasa batchjob.
A batchjob canbe submittedusingthe Batch job button. If this button is pressed,�rst a dialog
is poppedup allowing you to specifythe �lename of the �nal deconvolveddatasetaswell asthe
numberof optionalcheckpoint �les (compareFigure1.6). A checkpoint storesan intermediate
resultobtainedaftera certainnumberof iterationshave beenperformed.Theactualdeconvolution
job is startedvia the job dialog accessedby File / Jobsmenuitem. The job dialog is poppedup
automaticallyafter the job hasbeen�nally submitted,but this maytake a few secondsif thereare
currentlyno jobsrunning.

4.6 DistanceMap

Thismodulecomputesa3D distance�eld of a3D object.Eachvoxel will beassignedavaluedepend-
ing on thedistanceto thenearestobjectboundary. Theboundaryvoxelsof theobjectareassigneda
valueof zerowhereastheassignedvalueincreasesasthedistanceincreases.
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To usethismoduleit mustbeconnectedto auniformlabel�eld whereeachvoxel with anonzerovalue
is assumedto belongto theobject.

PresstheApplybuttonto startthecomputation.

Connections

Data [required]
Label�eld from which thedistancemapis computed.

Ports

Type

You may eitherchoosea true Euclideandistancemetric or an approximationbasedon a 3x3x3
chamfermetric. The latter is muchfasterto computeandaccurateenoughfor mostapplications.
SingleSeededcomputesadistancemapwhichexpressesthedistancefrom asingleseedpointrather
thanfrom theboundary.

Chamfer Weights

This port is only availablein chamfermode. Differentchamfermetricsareavailable. The 1-2-3
metric is equivalent to only consideringa 6-neighborhoodwhenpropagatingthe distancevalue,
whereasthe 3-4-5 considersa 26-neighborhoodand is a betterapproximationof the Euclidean
distancemetric. Floatalsocorrespondsto a 26-neighborhoodbut theresulting�eld will have �oat
datatypeinsteadof shortint.

Region

This port is not availablein SingleSeededmode.Choosein which region thedistance�eld will be
computed:

� Inside: Insidetheobject(outsidewill besetto zero).
� Outside: Outsidetheobject(insidewill besetto zero).
� Both (unsigned): Insideandoutsidetheobject.A positivedistanceis computedwhetherthe

positionis insideor outsidetheobject.
� Both (signed):Thedistancevaluewill benegativeatapositioninsidetheobjectandpositive

outsidetheobject.

Point
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This port is only availablein SingleSeededmode.Speci�estheseedpoint for thedistancemapin
world coordinates.Youcanuseadraggerto adjustit.

4.7 FourierTransform

This modulecomputesa discreteforwardor backwardFourier transformfrom a scalarinput dataset
with uniformcoordinates.Alternatively, thepowerspectrum,i.e.,thesquaredmagnitudeof theFourier
transformcanbecomputed.

The origin of the input datasetwill be ignoredby this module. Also, insteadof beingexpressedin
wave numbers,theboundingbox of a Fourier transfomeddatasetwill be the sameasthe bounding
box of theinput.

PresstheApplybuttonto startthecomputation.

Connections

Data [required]

Theinputdatato beFouriertransformed.

Ports

Mode

Optionmenuspecifyingtheactionto beperformed.

If arealscalar�eld is connectedto themodule,threeoptionsareavailable,namelyforward, forward
complex, andpowerspectrum. If forward is selected,theoutputis storedin aspecialso-calledhalf-
complex format. Suchan outputcanbe back-transformed,but not many otheroperationscanbe
performedon it. If forward complex is selected,the outputwill be a complex-valuedscalar�eld
with the samenumberof voxels as the input object. Finally, if powerspectrumis selected,the
outputis a real-valuedscalar�eld with the samenumberof voxelsasthe input objectcontaining
thesquaredmagnitudeof theFouriertransform.

If a complex scalar�eld in half-complex formatis connected,theonly optionis backward, indicat-
ing abackwardFourier-transform.

If anordinarycomplex scalar�eld is connectedto themodule,thethreeoptionsforward, backward,
andpowerspectrumareavailable. The �rst two optionsspecifya forwardandbackwardFourier
transform,respectively. Theouputis acomplex scalar�eld with thesameresolutionastheinput. If
powerspectrumis selected,theoutputis a real-valuedscalar�eld with thesamenumberof voxels
astheinputobjectcontainingthesquaredmagnitudeof theFouriertransform.
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4.8 PSFGen

Thismodulecanbeusedto computeapointspreadfunction(PSF)for deconvolutionof wide�eld and
confocalmicroscopicimagedata.PSFcomputationis basedon electromagneticvectortheory. It can
becreatedby selectingit from theCreate/ Othersmenuof themainwindow.

PresstheApplybuttonto computethePSF.

Connections

Data [optional]

A uniformscalar�eld (usuallytheimagedatato bedeconvolved)canbeconnectedto thisport. The
valuesof theResolutionandVoxelsizeportswill besetautomaticallyto thevaluesof theinput �eld
then.

Ports

Resolution

Thenumberof voxelsof thePSFimageto begenerated.

Voxelsize[um]

Thevoxel sizein micronsof thePSFimageto begenerated.

PSFParameters

Parametersfor calculatingthe point spreadfunction. NA denotesthe numericalapertureof the
microscope.lambdadenotesthewavelength(asmeasuredin a vacuum)of theemittedlight in mi-
crometers.For confocaldatatheexcitationandemissionwavelengthareassumedto beidentical.In
thiscaseit mightproveusefulto compensateby supplyingavaluebetweenexcitationandemission
wavelengthasparameter. Finally, n denotestherefractive index of thespecimen.

Micr oscopicMode

Speci�eswhetherthePSFof a wide�eld microscopeor of a confocalmicroscopeshouldbecom-
puted.

48 Chapter4: ResolveRT



Chapter 5

Skeleton Pack

5.1 AlignBlocks

The AlignBlocksmoduleis for aligning theblocksof a mosaic.During theacquisitionof the image
blocksof amosaic,it mayhappenthattheblocksarenotperfectlyaligned.Thismodulecomputesthe
bestadjustmentbetweenoverlappingblocks, i.e., �nds the translationsbetweeneachpair of blocks
thatminimizesthedifferencein thecommonpartof thetwo images.

PresstheApplybuttonto startthecomputation.

Connections

Data [required]

Mosaic

Ports

Mosaicname

Storesthe�lename of the�nal mosaicandof thetemporary�les: duringtheplanaralignment,the
modulecreates2D projectionsof theimageblocks.Theseprojectionsarestoredwith theextension
”nb.mip.am”wherenb representsthenumberof theblock in themosaic.

Max Trans. X (pixels)

Maximumvalueof translationto applyin theX direction(in pixels).



Imageunits value

Givesthecorrespondingvaluein imageunits(for example,if thevoxel sizeis givenin micrometers,
givesthemaximumtranslationin micrometers).

Max Trans. Y (pixels)

Maximumvalueof translationto applyin theY direction(in pixels).

Imageunits value

Givesthecorrespondingvaluein imageunits(for example,if thevoxel sizeis givenin micrometers,
givesthemaximumtranslationin micrometers).

Max Trans. Z (pixels)

Maximumvalueof translationto applyin theZ direction(in pixels).

Imageunits value

Givesthecorrespondingvaluein imageunits(for example,if thevoxel sizeis givenin micrometers,
givesthemaximumtranslationin micrometers).

Alignment

Performsa planarand/ora vertical alignment. If planar is checked, makes a 2D projectionof
eachimage(on XY plane),and�nds thebestplanartranslationbetweeneachimage.If vertical is
checked,then�nds theverticalcomponentof thetranslation.

Similarity measure

Thisportallowsyouto selecteithertheSSD(sumof squareddifferences)or thecorrelationmethod
for computinghow well theblocksarealigned.

5.2 ApplyMask

This modulecanbe usedto segmenta LargeDiskData�le block by block. It allows you to apply a
maskto theLargeDiskData�le in orderto removeor addparts.
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Attach it to theLargeDiskData�le containingthe labelsandattacha Label�eld containingthemask
to thesecondinput connection.

After selectingwhichmaterialsin theLabel�eld describeregionsto beadded(setto material1) in the
LargeDiskDataandwhich regionsshouldbedeleted(setto background),presstheApplybutton.

Connections

Data [required]

Theconnectionto theLargeDiskDataobject.

Mask [required]

Theconnectionto a Label�eld containingthemask.

Ports

Add

Selectthematerialdescribingtheregionwhichwill besetto 1 in theLargeDiskDataobject.

Delete

Selectthematerialdescribingtheregionwhichwill besetto 0 in theLargeDiskDataobject.

5.3 ApplyTemplateToMosaic

This script object is useful if you want to apply the samecomputemoduleor digital image®lter to
eachbrick of amosaic.Youwill needto build a network asshown in the�gure:
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If you plan to apply a computemodule,e.g.,CorrectZDrop, load onebrick andapply the compute
moduleto this brick. Connectthe Templateinput port of ApplyTemplateToMosaicto the compute
module.To starttheprocessing,pressApply.

If youwantto applyadigital image®lter to everybrick, loadoneblock,starttheeditoronit, andselect
theparameters.ConnecttheTemplateinput port to this dataobjectandpressApplyto run the�lter on
all bricks.

Connections

Data [required]

TheMosaicto beprocessed.

Template [required]

Themoduleproviding thetemplatewhichwill beappliedto all bricks.
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5.4 ChamferMap

The ChamferMapmoduleperformsa distance-mapcalculationon a 3D segmentedLargeDiskData
image. It createsa new LargeDiskDataobject where the value of eachpoint of the foreground
representsits shortestdistanceto the backgroundor eachbackgroundpoint representsthe shortest
distanceto theforeground,dependingon theoptionselectedin theMap locationport.

Thechamfermapis �rst computedwith integervalues,whichcausestherealvaluesof distancesto be
scaledby a coef�cient (seeChamferMapScaleFactor). If you want theunitsof your chamfermapto
bethesameastheunitsof yourvoxels,checktheFloat exactmapbox.

For isotropicimages,you canchoosethedimensionandthesizeof thechamfermask(its coef�cients
arepre-calculated).For anisotropicimages,however, it �rst computesthechamfermaskcoef�cients
thataremostappropriatefor thevoxel sizeof your image. For this reason,usinga maskwider than
3x3x3for anisotropicimagesis stronglydiscouraged.

If theoriginalimageis notsegmented,it will considerpositivepointsasforegroundandnegativepoints
asbackground.

PresstheApplybuttonto startthecomputation.

Connections

Data [required]

LargeDiskData(shouldbesegmented).

Ports

Filename

The resultchamfermapwill be saved asa LargeDiskData, but with additionalparametersin the
parameterdatabase:

ChamferMapScaleFactor: factorto scaleyour chamfermapwith thesameunitsasyour voxel
units. For example, if the voxel size of your image is expressedin micrometers,divide
your distancemap by the ChamferMapScaleFactorand you will obtain a chamfermap in
micrometers.

ChamferMapMaxRelErr or: givesthemaxrelativeerrorrelativeto theexactEuclideandistance.

ChamferMapIsExact: is setto 1 if ChamferMapScaleFactor= 1; is setto 0 otherwise.
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Mask dimension

Choose2D if you want the chamfermap to be computedslice by slice without consideringthe
previousandfollowing slices.Thisoptionis notavailablefor anisotropicimages.

Mask size

The masksizefor isotropic images. The wider the chamfermask,the moreprecisethe chamfer
map,but thelongerit takesto compute.Thisoptionis notavailablefor anisotropicimages.

Map location

Thisoptionmenuletsyouselectdifferentmaplocations:

� foreground: Computetheminimumdistanceof eachpoint of theforegroundrelative 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 background,with positive values;and the minimum distanceof
eachpointof thebackgroundrelative to theforeground,with negativevalues.

Sign of result image

Determinesthe sign of the points of the foregroundif you have chosenforeground in the Map
locationport,or thesignof thepointsof thebackgroundif youhavechosenbackground.

Float exactmap

Computesadistancemapin thesameunitsasthevoxel sizeunits.

5.5 CheckNetwork

Themoduledetectsopenendsandbranchingpointswith morethan3 branchesin anattachedLineset.
It sortsthesepointsandmovesa SelectRoiobjectto becenteredat onepoint afteranother. Thefocus
is attractedto theselectedpointby a redsemitransparentsphere.
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Connections

Data [required]

LineSet.

SelectRoi [optional]
Roi (Regionof Interest)to bemoved.

Ports

Inf o

Shows informationaboutthelaststep.

Options

Selectlongonly to ignoreshortlines.

If openSurfacesis selected,themodulewill cutawayhalf of eachIsosurfaceattachedin someway
to theRoi. Thismaybeusefulto look insidethestructureto seethelinesyou'rechecking.

ignoreBorder forcesthemoduleto skippointsneartheboundaryof theboundingbox.

Limits

Fractionof thelengthof onesideof theboundingbox to beignoredoneachside.0 meanstakeall,
0.5ignoreseverything.

Action

next unvisitedEP jumpsto next endpoint.

next unvisitedBP jumpsto next branchingpoint.

BufferAction

Eachvisitedpoint is storedin a buffer andcanbevisitedagain.

Usethesebuttonsto navigatethroughthebuffer.

OtherAction

Everypointalreadyvisitedis markedin thelineset.clear visitedremovesthesemarkers.
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rm unconnlineskeepsonly thelargestconnectedcomponentin thelineset.

5.6 DisplayMosaic

Attachthismoduleto aMosaicto displayits bricks.

PresstheApplybuttonto loadthehighlightedbrick into thePool.

Connections

Data [required]

TheMosaicto bedisplayed.

Ports

Brick

Selectsthebrick to behighlighted.

5.7 EvalOnLines

Themoduletakesa LineSetanda LargeDiskData�eld asinput. The�eld is evaluatedat eachvertex
of thelinesetandtheresultstoredin thelineset.

PresstheApplybuttonto startthecomputation.

Connections

Data [required]

LineSet.

Field [required]

LargeDiskData.

5.8 MosaicToLargeDiskData

The moduletakesa Mosaiccontainingbricks of overlappingimagedataandconvertsthemto one
LargeDiskDataobjectstoredondisk.

PresstheApplybuttonto startthecomputation.
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Connections

Data [required]

TheMosaicobjectcontainingthereferencesto theblocksof imagedatastoredondisk.

Ports

Inf o

Informationon theinternalstate.

Filename

Theresultwill bestoredin this �le.

Inter polation

Interpolationmethodto beusedduringsamplingof thebricks.

Standard is trilinear interpolation.

NearestNeighborcanbeusefulif you'reworking with labels.

Lanczosusesa kernelof width 6 to improve the interpolation.Theresultwill bemuchbetterbut
samplingtakesmuchlonger.

Options

Selectautodimsto usethesamevoxel sizeasin theinput images.

For seamlesstransitionsbetweenbricks,selectblend.

addborder extendstheresultby someamountto guaranteevoxelswith value0 at theboundaries.
Youcanspecifytheborderin port Border.

Specify

Thisport is only visible if autodimsis notselected.It allowsyouto switchbetweenspecifyingdims
or thevoxelsizeof theresult.

Dims

Thedimensionsof theresultingimage.To modify them,autodimsmustbedeselected.
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Voxelsize

Thevoxelsizeof theresult.Youmight eitherspecifythedimsor thevoxelsize.

Border

Speci�esthesizeof theborderto beaddedon eachsideof themosaic.Theport is hiddenif add
border is not selected.

5.9 Thinner

The module takes labels that have beenstoredas LargeDiskData, and a distancemap storedas
LargeDiskDataasinput. It runsathinningprocedureontheseto extractthecenterlinesof thestructure
containedin thelabels.

PresstheApplybuttonto startthecomputation.

Connections

Data [required]

LargeDiskDatacontaininglabelsrepresentinga structure.

Distmap [optional]

Distancemapto guidethethinningprocess.

Ports

Filename

File theresultwill bestoredin.

Temp �lename

A temporary�le neededby thealgorithm.

5.10 Thr eshold

TheThresholdmoduleprovidessimplethresholdsegmentation.

58 Chapter5: Skeleton Pack



Connections

Data [required]

LargeDiskData

Ports

Filename

Theresultwill bestoredin this �le.

Thr eshold

Letsyousetthethreshold.

5.11 TraceLines

The moduletakes a LargeDiskDataimageas input. This imagemay be the result of the Thinner
module. The imageshouldcontainonly lines representedby voxels. The moduletracestheselines
andbuildsa linesetand/ora clusteroutof it.

PresstheApplybuttonto startthecomputation.

Connections

Data [required]

Theimagestoringthevoxel lines.

Ports

Options

Checklinesetto enableoutputof a LineSet.

Checkclusterto enableoutputof aCluster. Thevaluesstoredat theverticesindicatethenumberof
neighbors.Endpointswill haveavalueof 1, verticesavalueof 2, andbranchingpointsavalueof 3
or higher.
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Chapter 6

ResolveR T

6.1 Bio-Rad Confocal Format

TheBio-Radconfocal�le format is usedto store3D imagedatafrom confocalmicroscopy. It essen-
tially consistsof a76byteheadersectionfollowedby theimagedatain big endianraw format.amira
recognizesBio-Rad�les automaticallyby the suf�x .pic . In orderto load Bio-Rad�les from the
commandline useload -biorad <filename> .

Sincetheheadersectionof theformatdoesn't containfull informationaboutthevoxel size,thebound-
ing boxof the3D imagehasto beadjustedmanuallyfor theresultinguniformscalar�eld usingamira's
cropeditor. NotethatBio-Radconfocal�les canonly bereadbut notbewrittenby amira.

6.2 Leica 3D TIFF

This readeris ableto read3D TIFF �les containinga wholestackof 2D images.In particular, the3D
TIFF formatis usedby newerLeicalaserscanningmicroscopes.

In additionto the imagedataitself specialparameterslike pixel sizeor slicedistancesmaybestored
in a 3D TIFF �le. If suchinformation is found it will be interpretedin order to createa uniform
scalar�eld of thepropertype. However, if no boundingbox informationis encountered,thechannel
conversiondialogdescribedin the2D TIFF sectionwill bepoppedup.

6.3 Leica Binary Format (.lei)

This is the Leica binary �le format usedby Leica laserscanningmicroscopes.It consistsof an lei
�le aswell asseveralTIFF slices.In orderto readthese�les, selectonly the lei �le. Parameterslike
pixelsizeor slicedistancearereadfrom thelei �le.



6.4 Leica SliceSeries(.info)

This is the�le formatusedby theolderLeicalaserscanningmicroscopes.It consistsof aninfo �le as
well asseveralraw or TIFF slices,which all mustresidein thesamedirectory. In orderto readthese
�les, selectonly theinfo �le. Parameterslike pixelsizeor slicedistancearereadfrom theinfo �le. If
the�le containscolormaps,they will beread,too.

6.5 MRC

MRC is a �le formatfor theexchangeof electronmicroscopy data.

With this readeryou canimport andexport �les in theMRC �le format into amira. Recognized�le
extensionsfor thereaderare.mrcand.rec.

Notethatthis readerexpectsthe�le headerto bein little endianencoding.

6.6 Metamorph STK Format

The MetaMorphStack(STK) �le format is usedto encode3D imagedata,e.g. from confocalmi-
croscopy. It is a specialversionof theTIFF �le format. Thus,STK �les areindicatedasTIFF �les in
theformatcolumnof the�le dialog.

STK �les canbereadjust asordinary3D TIFF �les. Thechannelconversiondialogis poppedup, let-
ting theuserdecidehow to proceedwith multiplechannelimagesandlettinghim de�ne thebounding
box of the 3D image. Note that sizehints storedin the STK �le itself arecurrentlynot interpreted.
Also notethatamira canonly readbut notwrite STK �les.

6.7 ZeissLSM

This format stores3D imagedatafrom ZeissLSM(TM) confocal laserscanningmicroscopesin a
single�le. An LSM imagestackcanstoreup to four separatechannelsor anRGB(A) color.
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