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Chapter 1

Amira Deconvolution Package

TheAmira DeconvolutionPackageprovidespowerful algorithmsfor improving thequality of microscopic
imagesrecordedby 3D widefieldandconfocalmicroscopes.Two differentmethodsaresupported,namely
aso-callednon-blindandablind deconvolutionmethod,bothbasedoniterativemaximum-likelihoodimage
restoration.In thefirst caseameasuredor computedpoint spreadfunction(PSF)is required.In thesecond
casethePSFis estimatedalongwith thedataitself.

Thedocumentationof theAmira DeconvolutionPackageis separatedinto thefollowing parts:

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

Thefollowing modulesarepartof theAmira DeconvolutionPackage:

� BeadExtract- obtaina PSFfrom a beadmeasurement� Convolution - convolvetwo 3D images
� CorrectZDrop- correctsattenuationin z-direction� DataPreprocess- backgroundandflatfield correction� Deconvolution - theactualdeconvolutionfront-end
� FourierTransform- computesFFT andpowerspectrum� PSFGenerate- calculatesa theorecticalPSF

1.1 General remarks about imagedeconvolution

Deconvolution is a techniquefor removing out-of-focuslight in a seriesof imagesrecordedvia optical
sectioningmicroscopy. Intendedto investigate3D biologicalobjects,opticalsectioningmicroscopy works
by creatingmultiple images(optical sections)of a fluorescingobject,eachwith a different focusplane.
However, besidesthein-focusstructurestheimagesusuallyalsocontainout-of-focuslight from otherparts
of the object, causinghazeand severe axial blur. This is even the casefor a confocal laserscanning
microscope,wheremostof theout-of-focuslight is removedfrom theimageby a pinholesystem.Mathe-
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6 CHAPTER1. AMIRA DECONVOLUTION PACKAGE

matically, theimageproducedby any microscopicsystemcanbedescribedastheconvolutionof theideal
unblurredimageof thespecimenandthemicroscope’sso-calledpointspreadfunction(PSF),i.e.,theimage
of anidealpoint light source.With the inverseof this process,calleddeconvolution,a deblurredimageof
thespecimencanbeobtained,providedthepoint spreadfunctionis known or at least,canbeestimated.

The Amira deconvolution packagemainly provides two variants of a powerful iterative maximum-
likelihoodimagerestorationalgorithm,namelya non-blindoneanda blind one. Thedifferencebetween
themis thatin thefirst caseameasuredor computedpoint spreadfunctionis used,while in thesecondcase
thePSFis estimatedalongwith thedataitself. Maximum-likelihoodimagerestorationcanbeconsideredas
thede-factostandardfor deconvolutionof 3D opticalsections.Althoughcomputationallyquiteexpensive,
themethodis ableto significantlyenhanceimagequality. At thesametime it is very robustandinsensitive
with respectto noiseartifacts.However, it shouldbenotedthat,althoughrejectingmostof theout-of-focus
light, by no meansall of it is rejected.Therefore,somenoticeablehazeremainsin the images.Also, the
imagesretaina substantialaxial smearingin z-direction,which cannotbe removedby any deconvolution
algorithm.

At thefirst sightonemaywonderwhy botha non-blindanda blind deconvolutionalgorithmareprovided
in Amira, althoughblind deconvolutionseemsto bemoregeneralsincethePSFis calculatedautomatically.
Oneansweris that blind deconvolution is computationallyeven moreexpensive thannon-blind iterative
maximum-likelihood imagerestoration. The other answeris that in a blind deconvolution algorithm a
meaningfulestimateof the PSFcanonly be computedif severeconstraintsareimposed.For example,a
trivial solutionof the blind deconvolution problemwould be a deblurredimagewhich is identical to the
input imageanda PSFwith the shapeof an ideal deltapeak. Obviously, this solutionisn’t usefulat all.
Therefore,if for exampleconfocaldatais to bedeconvolvedthealgorithmfits theactualPSFin suchaway
that it looks like a possiblemeasuredPSFof a confocalmicroscope.More precisely, the fit is constraint
to be in agreementwith the experimentalparameters(the refractive index of the medium,the numerical
apertureof theobjectiveandthevoxel-sizes).Sometimes,thiscanleadto wrongresults,for examplewhen
the confocalpinholeapertureof the microscopewasn’t stoppeddown sufficiently during confocalimage
acquisition,in which casethe microscopeactuallydidn’t behave like a true confocalmicroscope.As a
matterof fact you shouldtry which approachprovides the bestresultsfor your own imagedata,blind
deconvolutionor non-blinddeconvolutionwith eithera measuredor anautomaticallycomputedPSF.

1.2 Data aquisition and sampling rates

In orderto obtainbestqualitywhendeconvolving microscopicimagessomefundamentalguidelinesshould
beobeyedduringimageaquisition.Goodresultsmaybeobtainedevenif someof theseguidelinesarenot
followedexactly, but in generalthechancesto getsatisfactoryresultsimproveif they are.Below wediscuss
themostimportantrecommendations.

Adjusting the scannedimagevolume

Theregionof interestshouldbecenteredin themiddleof theimagevolume,astheopticsof themicroscope
hasusuallytheleastaberrationsin this region andit helpsto avoid possibleboundaryartifacts,which can
ariseduringthedeconvolutionprocedure.Especiallyfor widefielddatait is importantto recordasufficiently
large(preferablyempty)region below andabove theactualsample.Ideally, this region shouldbeaslarge
asthesampleitself. For example,if thesamplecovers100micrometerin z-direction,thescannedimage
volumeshouldrangefrom 50 micrometerbelow thesampleto 50micrometeraboveit.



1.3. STANDARD DECONVOLUTION TUTORIAL 7

Choosingthe right sampling rate

The samplingrate is determinedby the pixel sizesin x andy directionaswell as the distancebetween
two subsequentopticalsections,bothmeasuredin micrometers.Generallyspeaking,imagedeconvolution
worksbestif thedatais apparentlyoversampled,i.e., if thepixel or opticalsectionspacingis smallerthan
required. Themaximalrequiredsamplingdistance(Nyquistsampling)to avoid ambiguitiesin thedatacan
beoptainedfrom considerationsin Fourier-spaceyielding
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is thenumericalapertureof themicroscope.Similarconsiderations

yield for themaximaldistancebetweenadjacentimagedplanes:
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denotestherefractive index of theobjectmediumand ')(+*-,.' theaperturehalf angleasdetermined
by
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For a confocalmicroscopeboththein-planesamplingdistanceandtheaxial samplingdistanceneedto be
in theoryapproximately2 timessmaller. However, this requirementis far to strict for mostpracticalcases
andevenin thewidefieldcase,approximatelyfullfilling theaboverequirementsis oftensufficient.

The total numberof optical sectionsis obtainedby dividing the heightof the imagevolumeby the sam-
pling distance

���
. It shouldbementionedthatdeconvolution alsoworks if thesamplingdistancesarenot

matchedrigorousy, but matchingthemimprovesthechancesto getgoodresults.In generaloversampling
the object is lessharmful thanundersamplingit, with oneexception: In caseof confocaldatathe sam-
pling distance

� �4�
shouldnot bemuchsmallerthanindicated,if theblind deconvolution algorithmor the

non-blinddeconvolution algorithmtogetherwith a theoreticallycomputedconfocalPSFareused.Other-
wisetheunconstraintMaximumLikelihoodalgorithmandthepredominantnoisein thedatamight leadto
unsatisfactoryresults.

Black level and saturation

Beforegrabbingimagesfrom themicroscope’scamerathelight level shouldbeadjustedin suchaway that
saturatedpixels, eitherblack or white ones,areavoided. Saturatedpixels arepixels which areclamped
to either black or white, becausetheir actualintensityvaluesareoutsidethe rangeof representablein-
tensities.In any case,saturationmeansa lossof informationandthuspreventsproperpost-processingor
deconvolution.At thesametimeanextensively highblackgroundlevel shouldbeavoided,sinceit dereases
the dynamicrangeof the imagingsystemandthe deconvolutionsperformworse. This meansthatempty
regionsnot showing any fluorescenceshouldappearallmostblack. A backgroundlevel closeto zerois es-
peciallyimportantwhenbeadmeasurementsareperformedin orderto extractanexperimentalpointspread
function.Detailsarediscussedis a separatetutorial aboutbeadextraction.

1.3 Standard Deconvolution Tutorial

This tutorial explainshow 3D imagedatasetscanbedeconvolvedin Amira. It is asumedthatthereaderis
alreadyfamiliar with thebasicconceptsof Amira itself. If this is not thecase,it is stronglyrecommended
to work throughthestandardAmira tutorialsfirst. In this sectionthefollowing topicsarecovered:

1. Prerequisitesfor deconvolution

2. ResamplingameasuredPSF
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3. Deconvolving animagedataset

4. Calculatinga theoreticalPSF

As an examplewe are going to usea confocaltest dataset (polytrichum.am) provided with the Amira
deconvolutionpackage.Thedatafile is locatedin thedirectoryAmira-2.3/data/deconv.

� Loadthedatasetpolytrichum.am.
� Visualizeit for exampleusingaProjectionView module.

Thedatasetshows four chloroplastsin a sporeof themosspolytrichumcommune.

Prerequisitesfor deconvolution

Besidesthe imagedataitself for the standardnon-blind deconvolution algorithm also a so-calledpoint
spreadfunction (PSF)is required. The PSFis the imageof a singlepoint source,or approximately, the
imageof a singlefluorescingsub-resolutionsphere.PSFimagescaneitherbecomputedfrom theory(see
below) or they canbe obtainedfrom measurements.In the latter casetiny so-calledbeadsarerecorded
underthe sameconditionsas the actualobject. This meansthat the sameobjective lens, the samedye
andwavelength,andthe sameimmersionmediumareused. Typically, the imagesof multiple beadsare
averagedto obtainanestimateof asinglePSF. Amira providesamodulecalledBeadExtractfacilitatingthis
process.Theuseof thismoduleis discussedin aseparatetutorialaboutbeadextraction.At thispoint let us
simply loada measuredPSFfrom a file.

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

ThePSFappearsasabrightspotlocatedin themiddleof theimagevolume(Figure1.1). It is importantthat
thePSFis exactlycentered.Otherwise,thedeconvolveddatasetwill beshiftedwith respectto theoriginal
image. Also, it is importantthat the PSFfadesout to black at the boundaries.If this is not the case,the
blacklevel of thePSFimageneedsto beadjustedusingtheArithmeticmodule.Finally, neitherthePSFnor
theimageto bedeconvolvedshouldexhibit intensityattenuationartifacts, i.e., imagesliceswith decreased
averageintensitydueto exessive light absoprtionin otherslices. If suchartifactsarepresent,they canbe
removedusingtheCorrectZDropmodule.

Resamplinga measured PSF

Next, selectboth,thePSFandtheimagedata.You’ll noticethat thevoxel sizesof bothobjectsarenot the
same.It is recommendedto adjustdifferentvoxel sizesof PSFandimagedataprior to deconvolutionusing
theResamplemodule.Thedeconvolutionmoduleitself alsoaccountsfor differentvoxel sizes,but is does
soby usingpoint samplingwith trilinear interpolation.This is ok aslong asthe voxel sizeof the PSFis
larger thanthat of the imagedata. However, in our casethe voxel sizeof the PSFis smallerthanthat of
the imagedata,i.e., the resolutionof thePSFhigher. Using theResamplemoduleprovidesslightly more
accurateresultshere,sinceall sampleswill befilteredcorrectlyusingaLanczoskernel.

� ConnectaResamplemoduleto polytrichum-psf.am.� ConnecttheReferenceportof theResamplemoduleto theimagedatasetpolytrichum.am� In theModeport of theResamplemodule,choosevoxelsize(seeFigure1.2).� ResamplethePSFby pressingtheDoIt button.
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Figure 1.1: Maximumintensityprojectionof polytrichum-psf.am

Thevoxelsizeoptionmeansthat thePSFwill beresampledon a grid with exactly thesamevoxel sizeas
theimagedataset,which is connectedto theReferenceport. While theoriginalPSFhada resolutionof 12
x 12 x 30 voxels,theresampledoneonly has12 x 12 x 16 voxels.However, theextentof a singlevoxel in
z-directionis biggernow.

Deconvolving an imagedata set

After a suitablePSFhasbeenobtainedwearereadyfor deconvolving theimagedataset.Thiscanbedone
by attachingaDeconvolutionmoduleto theimagedata.

� ConnectaDeconvolutionmoduleto polytrichum.am.� Connect the Kernel port of the Deconvolution module to the resampledPSF polytrichum-
psf.Resampled.

Oncethe deconvolution moduleis connectedto its two input objects,someadditionalparametersneed
to be adjusted(for a detaileddiscussionof theseparametersseealsothe referencedocumentationof the
Deconvolutionmoduleitself). Figure1.3shows thesesettings:

Border width: For deconvolution the imagedatahasto be enlargedby a guardbandregion. Otherwise
boundaryartifactscanoccur, i.e., informationfrom onesideof thedatacanbepassedto theother. Thereis
noneedto maketheborderbiggerthanthesizeof thePSF. However, if thedatasetis darkat theboudaries
asmallerborderwidth is sufficient. In ourcase,let uschoosethebordervalues0, 0, and8 in thex, y, andz
direction.

Iterations:Thenumberof iterationsof thedeconvolutionalgorithm.Let uschoosea valueof 20 here.

Initial estimate:Specifiestheinitial estimateof thedeconvolutionalgorithm. If constis chosena constant
imageis usedinitially. This is themostrobustchoice,yielding goodresultseven if the input datais very
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Figure 1.2: ResamplingaPSFusingtheResamplemodule.
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Figure1.3: Deconvolution moduleattachedto polytrichum.am.

noisy. We keepthisoptionhere.

Overrelaxation: Overrelaxationis a techniqueto speedup the convergenceof the iterative deconvolution
process.In mostcasesthebestcompromisebetweenspeedandquality is fixedoverrelaxation.Therefore
wekeepthis choicealso.

Method:Selectsbetweenstandard(non/blind)andblind deconvolution. Letsspecifystandard here.

The actualdeconvolution processis startedby pressingthe DoIt button. Pleasepressthis button now.
The deconvolution shouldtake about1-2 minuteson a moderncomputer. During the deconvolution the
progressbar informsyou aboutthestatusof theoperation.Also, afterevery iterationa messageis printed
in theAmira consolewindow indicatingtheamountof changeof thedata.If thechangeseemsto besmall
enoughyou canterminatethedeconvolutionprocedureby pressingthestopbutton.However, notethatthe
stopbuttonis evaluatedonly oncebetweentwo consecutive iterations.

Whendeconvolution is finisheda new datasetcalledpolytrichum.deconv appearsin theobjectpool. You
might take a look at the deconvolved data by moving the ProjectionView connectionline from poly-
trichum.amto polytrichum.deconv.
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Figure 1.4: ThePSFGenmodulecalculatestheoreticalPSFs.

Calculating a theoretical PSF

Sometimesbeadmeasurementsaredifficult to perform,so thatanexperimentalPSFcannoteasilybeob-
tained. In suchcasesa theoreticalPSFcanbe usedinstead. Amira providesthe modulePSFGenerate,
allowing you to calculatetheoreticalPSFs.Themodulecanbecreatedby selectingPSFGeneratefrom the
Edit Createmenuof theAmira mainwindow.

Oncethe moduleis createdagainsomeparametershave to be entered.The resolutionandthe voxelsize
canbemosteasilyspecifiedby connectingtheDataport of thePSGGeneratemoduleto theimagedataset
to beconvolved.In our casepleaseconnectthis port to polytrichum.am.

In orderto generatea PSFyou alsoneedto know thenumericalapertureof themicroscopeobjective, the
wavelengthof theemittedlight (to beenteredin micrometers!),andtherefractive index of the immersion
medium. In our testexamplethesevaluesareNA=1.4, lambda=0.58,andn=1.516(oil medium). Also,
changethemicroscopicmodefrom widefieldto confocal.

After pressingtheDoIt button thecomputedPSFappearsasan icon labelledPSF in theobjectpool. You
cancomparethetheoreticalPSFwith themeasuredoneusingtheOrthoSlicemodule.You’ll noticethatthe
measuredPSFappearsto beslightly wider. This is a commonobservationin many experiments.

Onceyou have computeda theoreticalPSFyou canperformnon-blinddeconvolution asdescribedabove.
However, for conveniancethe Deconvolution moduleis alsoableto computea theoreticalPSFby itself.
You cancheckthis by disconnectingtheKernelport of theDeconvolutionmodule.If no input is presentat
this port, additionalinput fieldsareshown, allowing you to enterthesameparametersnumericalaperture,
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wavelength,refractive index, andmicroscopicmodeasin PSFGenerate. After theseparametershavebeen
enteredthedeconvolutionprocessagaincanbestartedby pressingtheDoIt button.

Note, that any previous resultconnectedto the Deconvolution modulewill be overwrittenwhenstarting
thedeconvolutionprocessagain.Therefore,besureto disconnecta previousresultif youwantto compare
deconvolutionwith differentinput PSFs.

1.4 Blind Deconvolution Tutorial

This tutorial explainshow blind deconvolution canbe perfomedin Amira. At the sametime it describes
how deconvolution jobs canbe processedusing the Amira job queue. Like in the previous tutorial it is
assumedthat thereaderis alreadyfamiliar with thebasicconceptsof Amira itself. If not, we recommend
to work throughthestandardAmira tutorialsfirst.

A blind deconvolution example

Let usstartby loadinga raw imagedatasetfirst.

� Loadthefile alphalobe.amfrom thedirectoryAmira-2.3/data/deconv.
� Visualizethedatasetby attachingaProjectionView moduleto it.

Thedatasethasbeenrecordedusinga widefieldmicroscope.It shows a stainedneuron,thealpha-neuron,
from a part of the brain of a beecalled the optical lobe. Comparedto the confocaldatasetusedin the
standarddeconvolutiontutorial alphalobe.amis muchbigger. It hasa resolutionof 248x 248x 256voxels
with auniformvoxel sizeof 1 micrometer. In thexy-planeof theprojectionview thestructureof theneuron
canbe clearly identified. However, the contrastof the imageis quit poor becausethereis a significant
amountof out-of-focuslight or hazepresent.With Amira’sblind deconvolutionalgorithmwe canenhance
theimagedatawithoutneedingto know anexplicite PSFin advance.

� Attacha deconvolutionmoduleto alphalobe.am.� Adjust theparameterslikeshown in Figure1.5.

Theindividualparametershavethefollowing meaning:

Borderwidth: Like for standardnon-blinddeconvolutiontheimagedatahasto beenlargedby aguardband
region. Otherwiseboundaryartifactscanoccur, i.e., informationfrom onesideof the datacanbe passed
to the other. In our casewe only provide a small guardbandregion of 8 voxels in x- andy-direction. In
z-directionwe don’t provide any borderbecausetherearesufficiently many emptyslicesbelow andabove
the actualneuron. The resultingsizeof the dataarrayson which the computationsare performedthen
is 256 x 256 x 256, which is nice becauseit is a power of two andthus the fastFourier-transforms,the
computaionallymostexpensivepartof thedeconvolutionalgorithm,canbeexecutedsomewhatfaster.

Iterations:We chooseavalueof 25here.Dependingon thedata,usuallyat least10 iterationsarerequired.
With overrelaxationbeingenabled(seebelow), resultsusallydon’t improvemuchafter40 iterations.

Initial estimate:Specifiestheinitial estimateof thedeconvolutionalgorithm.Sincethereis notmuchnoise
presentin the original alphalobeimagesit is safeto choseinput data here. This causesthe algorithmto
convergeevenfaster.

Overrelaxation: Overrelaxationis a techniqueto speedup the convergenceof the iterative deconvolution
process.We enableoverrelaxationby chosingthefixedtoggle.

Method:We choseblind herein orderto selecttheblind deconvolutionalgorithm.
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Figure 1.5: Parametersfor blind deconvolution.
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Figure1.6: Dialog for submittinga deconvolution job.

PSFParameters: For alphalobe.amthenumericalapertureis 0.5,thewavelengthis 0.58micrometers,and
therefractive index is 1.33(water). Theseparametersarerequiredin orderto applycertainconstraintsto
the estimatedpoint spreadfunction. They arealsousedin order to computean initial PSF. If a dataset
wouldbeconnectedto theKernelportof thedeconvolutionmodule,thisdatasetwouldbeusedastheinital
PSFwith thegivenPSFparametersstill actingasconstraints.For example,you couldprovide a measured
PSFandlet it befitted to theactualdataby thedeconvolutionalgorithm.

Microscopicmode:alphalobe.amis awidefielddataset,soselectthis optionhere.

Submitting a deconvolution job

After all parametershave beenentered,thedeconvolution processcanbestarted.On a moderncomputer
blind deconvolutionof our testdatasetroughly takesabout20 minutes.Especially, if you want to decon-
volve multiple datasetsat onceit is inconvenientto do this in an interactive session.Thereforemultiple
deconvolution jobscanbesubmittedto theAmira job queueandthen,for example,processedover night.
Thisworksasfollows:

� PresstheBatch Jobbuttonof theActionport. A dialogasshown in Figure1.6popsup.� In the dialog choosea file nameunder which you want to save the deconvolved data set, e.g.
C:/Temp/alphalobe-deconv.am.� Modify thetext field, sothatcheckpoint filesarewrittenafterevery5 iterations.

Checkpoint files are usedto store intermediateresults. With the above settingsthe deconvolved data
is written into a file after every 5 iterations. Check point files are called like the final result, but a
consecutive numberis insertedjust before the file namesuffix. For example, if the result file name
is C:/Temp/alphalobe-deconv.am the check point files are called C:/Temp/alphalobe-
deconv-0005.am, C:/Temp/alphalobe-deconv-0010.am and so on. Now we are readyto
actuallysubmitthebatchjob.

� PresstheSubmitbuttonof thedeconvolutiondialog.After a few secondstheAmira batchjob dialog
appears,compareFigure1.7.� Selectthedeconvolution job andpresstheStartbutton.

Younow haveto wait about20minutesuntil thedeconvolutionjob is finished.Oncethejob queuehasbeen
startedyou canquit Amira. Thebatchjobswill becontinuedautomatically. If Amira is still runningwhen
thedeconvolution job exits thenthe resultwill be loadedautomaticallyin Amira. Otherwiseyou have to
restartAmira andloadthedeconvolveddatasetmanually.



16 CHAPTER1. AMIRA DECONVOLUTION PACKAGE

Figure 1.7: TheAmira job dialogshowing apendingdeconvolution job.

1.5 BeadExtraction Tutorial

Non-blind deconvolution is a powerful and robust methodfor enhancingthe quality of 3D microscopic
images.However, the methodrequiresthat the imageof the point spreadfunction (PSF)responsiblefor
imageblurringis provided.As statedin thestandarddeconvolutiontutorial, thePSFcaneitherbecalculated
theoreticallyor it canbe obtainedfrom a beadmeasurement.Amira providesa special-purposemodule
calledBeadExtractwhich facilitatestheextractionof PSFimagesfrom oneor multiple beadmesurements.
In this tutorial theuseof themoduleshallbeexplained.Thefollowing topicsarecovered:

1. Beadmeasurements

2. ProjectionView andProjectionView Cursor

3. Resamplingandaveragingthebeads

Beadmeasurements

ThePSFis theimageof asinglepointsourcerecordedunderthesameconditionsastheactualspecimen.It
canbeapproximatedby theimageof afluorescingsub-resolutionmicrosphere,aso-calledbead.Performing
goodbeadmeasurementsrequiressomepracticeandexpertise.In orderto obtaingoodresultsthefollowing
hintsshouldbeobeyed:

1. Use the right beads. It is important that the bead size is smaller than approximately
�657�

full width at half maximum (FWHM) of the PSF. Good sourcesfor obtaining beadssuitable
for PSF measurementsare Molecular Probes(http://www.probes.com/) or Polysciences
(http://www.polysciences.com/).

2. Thebeadsmustbesolid. Besidessolidbeadstherearealsobeadswith theshapeof asphericalshell,
allowing to checkthefocusplaneof a mircoscope.Suchbeadscannotbeusedasa sourcefor PSSF
generationin thecurrentversionof Amira.

3. Don’t recordclustersof multiple beads.Sometimesmultiple beadsmaygluetogether, appearingas
a singlebig bright spot.Computinga PSFfrom sucha spotobviously leadsto wrongresults.

4. Note that beadsarenot resistantto a variety of embeddingmedia. In particularbeadswill be de-
stroyedin xylenebasedembeddingmediasuchasPermount(FisherScientific)andmethylsalicylate
(frequentlyusedto clearup the tissue).As a substituteyou might useimmersionoil insteadwhich
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hasasimilar refractive index ase.g.methylsalicylate.

5. Thesampleandthebeadsshouldalwaysbeimagedascloseto thecoverslipaspossible.Whenit is
not possibleto attachthesampleto thecoverslip,thebeadsshouldalsobe imagedin a comparable
depth,embeddedin thesamemountingmedium.Imagingthebeadswith betterquality thanthesam-
plewill yield aslightly blurreddeconvolutionresult.However, whenthePSFusedfor deconvolution
is too wide,artefactscanariseduringdeconvolution.

Theobjective lenseshouldalwaysbeselectedaccordingto themountingmedium,i.e. if thesample
is attachedto theslideandembeddedin a buffer of refractive index closeto water, a severelossof
imagequality canbe expectedwhenusingan oil-immersionobjective without a correctioncollar.
Deconvolution of properlyimageddatawill allwaysbesupperiorto deconvolutionof datasuffering
from abberations.

6. Problemsoccur if the mountingmediumremainsliquid. In this casethe sampledistribution may
not be permanent.If your specimenis to be embeddedin wateryou cantry to immersethe beads
in anagarosegel of moderateconcentrationinstead.Attachingthesmallbeadsto thecoverslip(for
exampleby letting themdry) is oftenalsosufficient for immobilisation.

An exampleof animagedatasetcontainingmultiplebeadsis providedin thefile beads.amin thedirectory
Amira-2.3/data/deconv.

� Loadthedatasetbeads.am.� VisualizethedatausingaProjectionView module.

Projection View and Projection View Cursor

Thebeaddatasetcontainsfive differentbeadswhich canbeclearlyseenin thethreeorthogonalplanesof
the ProjectionView module. In orderto obtaina singlePSFwe first want to selectseveral “good” beads.
Thesebeadsare thenresampledandaveraged,thusyielding the final PSF. A beadcanbe consideredas
“good” if it is clearlyvisible andif it is not superimposedby otherbeads(evenwhendefocused),

Selecting“good” beadsis aninteractiveprocess.It is mosteasilyaccomplishedusingtheProjectionView’s
Cursormodule.Thismoduleallowsyouto selectapoint in 3D spaceby clicking ononeof thethreeplanes
of theProjectionView module.Thethird coordinateis automaticallysetby looking for thevoxel with the
highestintensity. Pointsselectedwith theCursor modulecanbestoredin aLandmarkSetdataobject.

� Attacha Cursor moduleto theProjectionView module.� Click on any beadononeof thethreeplanes.� Storethecurrentcursorpositionin a LandmarkSetobjectby pressingtheAddbutton.� Selectandaddsomeotherbeadstoo.

The landmarksneednot to be locatedexactly at the centerof a bead. The exact centerpositionscanbe
fittedautomaticallylateron.

You canremove incorrectbeadpositionsfrom the landmarksetby invoking the landmarkseteditor. In
orderto activatetheeditor selectthe landmarksetobjectandpressthegreenbuttonwith thedisk-shaped
symbol.If you wantto addadditionalbeadpositionsto anexisting landmarksetobject,makesurethatthe
masterport of the landmarksetobjectis connectedto theCursor module.Otherwise,a new landmarkset
objectwill becreated.
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Figure 1.8: Individual beadscanbeinteractively identifiedusingaCursor module.

Resamplingand averaging the beads

Now we arereadyto extractandaveragethe individual beads.This is doneby meansof theBeadExtract
module.

� ConnectaBeadExtractmoduleto theLandmarksobject.� Make sure,that the Data port of BeadExtract is connectedto the beaddatasetbeads.am. If the
landmarksarestill connectedto thebeadsvia theCursorandProjectionViewmodules,theconnection
is establishedautomatically.

The BeadExtract moduleprovidestwo buttonscalledAdjustcenters andEstimatesize, which shouldbe
invokedin a preprocessingstepbeforethebeadsareactuallyextracted.

The first button (Adjustcenters) modifiesthe landmarkpositionsso that they arepreciselylocatedin the
centerof gravity of theindividualbeads.

Thesecondbutton(Estimatesize) computesanestimatefor thenumberof voxelsof thePSFimageto be
generated.This button is only active if no PSFimageis connectedasa resultto BeadExtract. If thereis a
resultobject,theresolutionandvoxel sizesof theresultareusedandtheportbecomesinsensitive.

Any of the actionsof the two preprocessingbuttonscanbe undoneusingthe Undo button. This canbe
necessaryfor exampleif two beadsare too closeso that no correctcenterpositioncould be computed.
In general,overlapsbetweenneighbouringbeadsshouldbe avoided. Small overlapsmight be tolerated
becauseduringresamplingintensitiesareweightedaccordingto theinfluenceof surroundingbeads.

� PerformthepreprocessingstepsAdjustcentersandEstimatesize.� Computea resampledandaveragedPSFby pressingtheExzractbeadsbutton.

The datatype of the resultingPSFwill be float, irrespectively of the datatype of the input image. The
individual beadswill be weightedon a per-voxel basisandaddedto the result. No normalizationwill be
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Figure 1.9: TheBeadExtract moduleresamplesandaveragesmultiplebeads.

performedafterwards.YoumayinvestigatetheresultingPSFimageusingany of thestandardvisualization
modules.In Figure1.10a volumerenderingof theresultingPSFis shown.

In somecasesyou may want to averagemultiple beadsrecordedin differentinput datasets.This canbe
easilyachievedby creatinga Landmarksobjectfor eachinput dataset. For thefirst input datasetextract
the beadsasdescribedabove. For the other input datasetalsousethe BeadExtract module. However,
make surethat thePSFobtainedfrom thefirst input datasetis connectedasa resultobjectto BeadExtract
beforepressingtheDoIt button. In orderto useanexisting PSFasa resultobjectconnecttheMasterport
of the PSFto BeadExtract (oncethis is donethe ResolutionandVoxel sizeportsof BeadExtract become
insensitive, seeabove). If anexisting resultis usednew beadssimply will beaddedinto theexisting data
set.Thereforedatasetsshouldbescaledin intensityaccordingto their quality prior to beadextractionand
summationto obtaina suitableweightingof theindividualextractedbeadsin thefinal result.

1.6 Performanceissuesand multi-pr ocessing

Iterative maximum-likelihooddeconvolution essentiallyis the mostpowerful andmost robust technique
for the restorationof 3D optical sections. However, it is also computationallyvery demanding. It can
take several minutes(sometimeeven hours)to processlarge 3D datasets. This is not duean improper
implementationbut dueto the algorithmitself. Both, the blind andthe non-blindvariantof the method,
rely heavily on fastFourier-transformsin orderto efficiently computeconvolutions.If youwantto improve
performance,try to adjustthesizeof yourdatavolumessothatthenumberof voxelsplustheborderwidth
is a power of two. Sometimes,it is worth to enlarge the borderwidth a little bit in orderto get a power
of two. Althoughthealgorithmworkswith dataof any size,powersof two canbetransformedsomewhat
faster.

Anotherissueis memoryconsumption.Internally, severalcopiesof thedatasetneedto beallocatedby the
deconvolutionalgorithm.Thesecopiesshouldall fit into memoryat thesametime(aspecificvariantof the
algorithmsuitablefor working underlow memoryconditionswill beprovidedin a laterversion).Besides
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Figure1.10: Thefinal PSFvisualizedusingaVoltex module.

theinputdataitself thefollowing numberof working arraysarerequiredby thedifferentmethods:

� 3 workingarraysfor thenon-blindalgorithmwith no or with fixedoverrelaxation� 5 workingarraysfor thenon-blindalgorithmwith optimizedoverrelaxation� 5 workingarraysfor theblind algorithm

Thenumberof voxelsof a working arrayis theproductof thenumberof voxelsof the input datasetplus
theborderwith alongeachstatialdimension.Theprimitivedatatypeof aworkingarrayis a4-bytefloating
point number. For example,if the numberof voxelsof the input datasetplus the borderwidth is 256 x
256 x 256 (asfor the alphalobe.amdataset in the blind deconvolution tutorial), eachworking arraywill
beabout64 MB, irrespectively of theprimitive datatypeof the input dataset. Thereforeat least192MB
(3x4x256x256x256bytes)arerequiredfor non-blinddeconvolutionwith fixedoverrelaxation,and320MB
(5x4x256x256x256 bytes)for blind deconvolution. Keepthis in mind whenconfiguringthe computeron
which to performdeconvolution! However, alsonotethatfor mostplatformsit usuallydoesn’t makesense
to have morethan1.5GB of mainmemory. For morememorya 64-bit operatingsystemis required.On a
Windows PC,it is stronglyrecommendednot to useWindows 98 or Windows ME if you have morethan
512MB of mainmemory.

Finally, it shouldbementionedthat thedeconvolution algorithmcanmake useof a multi-processorCPU
board.Althoughyoudon’t gettwice theperformanceonadual-processorPC,aspeed-upof almost1.5can
beachieved. On default, Amira usesasmany processorsasthereareon thecomputer. If for somereason
you want to uselessprocessorsyou cansetthe enironmentvariableAMIRA DECONV NUM THREADS to
thenumberof processorsyou actuallywantto usesimultaneously.



Chapter 2

Module Reference

2.1 BeadExtract

Thismoduleis partof theAmira deconvolutionpackage.It canbeusedto resampleandaveragetheimage
of oneor multiplebeads,i.e.,fluorescingsub-resolutionmicrospheres,therebyobtaininganapproximation
of apoint spreadfunction(PSF)requiredfor non-blinddeconvolution.

Themodulemustbeconnectedto theimagedatasetcontainingthemeasuredbeadsaswell asto alandmark
setindicatingthecenterpositionsof all beadsto beresampledandaveraged.Thewholeprocessof obtaining
a point spreadfunction from a beadmeasurementis describedin a separatetutorial on beadextraction.
Pleasereferto this tutorial for moreinformationon how to usethemodule.

Connections

Data
[required]
Connectionto a uniform imagedatasetcontainingmeasuredbeads.

Landmarks
[required]
Connectionto a landmarksetindicatingthecenterpositionsof thebeadsto beresampledand
averaged.

Ports

Inf o

Displaysthenumberof beadsto beresampledandaveraged.

Resolution

21



22 CHAPTER2. MODULE REFERENCE

Specifiesthe numberof voxels of the final PSFimageto be generated.If a PSFimageis
connectedasa resultobject to this module,the port becomesinsensitive andthe numberof
voxelsof theresultobjectareused.

Voxel size[um]

Specifiesthevoxel sizeof thefinal PSFimageto begeneratedin micrometers.If aPSFimage
is connectedasa resultto this module,theport becomesinsensitive andthevoxel sizeof the
resultobjectis used.

Preprocess

Adjustcenters: If this button is pressedthe landmarkpositionsof the datasetconnectedto
port Landmarksareshiftedto the centerof gravitiy of the correspondingbead. It is required
that the initial landmarkpositionsareinsidethebeadimagesandthatneighbouringbeadsdo
not overlapsignificantly. Otherwiseincorrectcenterpositionsmaybecomputed.

Estimatesize: If this button is pressedthe desirednumberof voxels of the final PSFimage
specifiedin port Resolutionarecomputedautomatically. Beforethis is donethebeads’center
positionsalreadyshouldhave beenadjusted. The estimateis computedby determiningthe
extentof thebiggestspotaroundany landmark.Again, it is requiredthatneighbouringbeads
do not overlapsignificantly. TheEstimatesizebuttonbecomesinsensitive if a resultobjectis
connectedto themodule.In thiscasealwaysthesizeof theexistingPSFimagewill beused.

Undo: Undosthe effect of any of the previous two buttons. For example,if wrong center
positionshave beencomputedafter pressingAdjustcenters, the original landmarkpositions
canberestoredusingtheUndobutton.

Action

Actually extracts the beadswith the centerof the resulting datasetcorrespondingto the
currentpositionsof the landmarks. The imagevolume aroundevery landmarkis extracted
andresampledusinga Lanczosfilter (comparethe Resamplemodule). The resampledbead
imagesarethenaddedto theresultobject.Thefinal PSFis not normalized.

2.2 Convolution

This moduleconvolvestwo uniform 3D dataobjectswith eachotherby Fourier transformingthe two in-
puts,multiplying them,andthentransformingthemback. Themoduleis partof theAmira deconvolution
package. It canbeusedfor exampleto verify theresultsof imagedeconvolution.

The boundingbox and voxel sizesof the input dataset and the convolution kernel are ignoredby this
module.UsetheResamplemoduleto makesurethattheresolutionof bothinputsis identical.
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Connections

Data
[required]
Thedatasetto beconvolved.

Kernel
[required]
Theconvolutionkernel.

Ports

Border width

Definesthesizeof theborderregion. A borderregion is necessaryif theinput datasetdoesn’t
fadeout to blackat theboundaries.

Options

If normalizekernelis selected,theintegralof theconvolutionkernel(connectedto portKernel)
will benormalizedto one. If this is not thecasethe intensitiesof theconvolveddatasetwill
bescaledby theactualintegral.

If apply noiseis selected,the valuesof the convolveddatasetwill be multiplied by random
numbersuniformly distributedaround1 (whitenoise).

Noiselevel

This port will only beshown if the applynoiseoption of the Optionsport hasbeenselected.
It specifiesthe amountof noiseappliedto the output, i.e., the rangeof the randomnumbers
around1, by which theresultis multiplied.

Action

Actually convolvestheinput datasets.

2.3 Corr ectZDrop

This modulelets you fix artifactsin 3D microscopicimagescausedby light absorptionin otherslices. If
suchartifactsarepresent,the averageintensity in lower slicesseemsto be decreased.This so-calledz-
drop or intensityattenuationcanbecorrectedautomaticallyby fitting anexponentialcurve to theaverage
intensitiesin eachslices,or manuallyby providing a user-definedformula.
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Connections

Data
[required]
The imagedataexhibiting a z-dropartifact. Scalarfieldswith uniform or stackedcoordinates
aswell asmulti-channelfieldsaresupported.

Ports

Mode

Letsyouselectbetweenautomaticmodeandmanualmode.

Expression

This port is only available if manualmodehasbeenselected.It providesa text field where
you canentera formulaspecifyinga factorusedto multiply theintensityvaluesin eachslice.
Within the formula the variableu specifiesthe slices. u will take the value 0 for the first
slice and1 for the last slice. For the otherslicesit takes intermediatevaluesdependingon
theactualslice location(this makessupportof stackedcoordinateseasy).In automaticmode
the following formulaa*exp(b*u) will beused,wherea andb arefitted automatically. If
you first performan automaticz-dropcorrectionandthenswitch to manualmode,the fitted
expontialwill bedisplayedin theport’s text field.

Action

Startsz-dropcorrection.

2.4 DataPreprocess

This moduleis partof theAmira deconvolutionpackage. It canbeusedto applybotha backgroundanda
flatfieldcorrectionto a raw 3D imagestack.

For thebackgroundcorrectiona singlebackgroundimagehasto beprovidedat thebackgroundport of the
module.Thebackgroundimageshouldbea nearlyblackimagerecordedwith thecamera’sshutterclosed.
This imageis subtractedfrom all slicesof the3D input dataset,thuscompensatingfor any darkcurrentof
thecamera’sCCDdetector.

For theflatfieldcorrectionasingleflatfield imagehasto beprovidedat theflatfieldportof themodule.The
flatfieldimageshouldbeanunfocusedalmostwhiteimagetakenfrom adropof homogeneouslyfluorescing
dye. The intensitiesof the 3D input imagearethenscaledaccordingto the normalizedintensitiesof the
flatfieldimages.Theinputimagegetsbrighteratpixelswheretheflatfieldis darkandviceversa.In thisway
non-uniformsensitivity of thecamera’sCCD detectoris compensated.If botha flatfield anda background
imagearepresent,thebackgroundis subtractedfrom theflatfield too.
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Connections

Data
[required]
Theraw 3D imagestackto becorrected.Any regularscalarfield with uniform coordinatesis
supported.

Background
[optional]
An optional2D backgroundimagewith thesamenumberof voxelsin x andy directionasthe
3D input image. If an input is presentat this port a backgroundcorrectionis performed(see
above).

Flatfield
[optional]
An optional2D flatfield imagewith thesamenumberof voxelsin x andy directionastheinput
image.In aninput is presentat this port aflatfield correctionis performed(seeabove).

Ports

Background

Displaysthemeanvalueandthestandarddeviationof thebackgroundimage,if suchanimage
is present.Only thefirst sliceis considered.

Flatfield

Displaysthemeanvalueandthestandarddeviation of theflatfield image,if suchan imageis
present.Only thefirst sliceis considered.

Action

Startsthecomputationsandproducesacorrectedoutputdataset.

2.5 Deconvolution

This moduleis thefront-endfor deconvolving 3D microscopicimages.Two differentiterative maximum-
likelihoodimagerestorationalgorithmsareprovided,a non-blindoneanda blind one. For a generalde-
scriptionof thedeconvolution processpleaserefer to the tutorialsprovidedwith theAmira deconvolution
package.

The resultingdeconvolveddatasetwill bestoredin theobjectpool. If no input PSFis specifiedor if the
blind deconvolutionalgorithmhasbeenselected,alsotheestimatedPSFwill bestoredin theobjectpool.



26 CHAPTER2. MODULE REFERENCE

Connections

Data
[required]
Thedatasetto bedeconvolved.

Kernel
[optional]
Thepointspreadfunction(PSF)to usedfor deconvolution. If noPSFis specified,anestimated
PSFis calculatedautomaticallybasedon thenumericalapertureof themicroscope,thewave-
lengthof theemittedlight, andtherefractiveindex. If ablind deconvolutionis to beperformed,
aninput PSF(if connected)will beusedasaninitial estimate.

Ports

Border width

Definesthesizeof theborderregion. A borderregion is necessaryif theinput datasetdoesn’t
fadeout to black at the boundaries.For performancereasonsit might advisableto choose
valuessuchthat the sum of the size of the input dataset and the borderwidth resultsin a
powerof two. For example,if thedatasetconsistsof 118slices,a borderwidth of 10 slicesin
z directionwouldbea goodchoice.

In caseof widefield datait is sometimesadvisableto have the borderwidth in z direction
exactly aslargeasthedatasetitself. If this is thecase,theborderregionwill beinitializedby
mirroring thevaluesfrom theactualdatavolume.Otherwise,thevaluesof thefirst sliceandof
thelastslicewill beinterpolatedlinearly.

Iterations

Specifiesthenumberof iterationsof thedeconvolutionprocedure.

Initial estimate

Specifiesthe initial estimateof the deconvolution algorithm. If const is chosena constant
imageis usedinitially. Often,thisyieldssmootherresultsthanthesecondoption,namelyinput
data. Thethird option(previousresult) is only availableif theinput datasethasalreadybeen
deconvolvedpreviously. Usethis option if you want to applysomeadditionaldeconvolution
iterations.

Overrelaxation

Overrelaxationis a techniqueto speedup the convergenceof the iterative deconvolution
process. In most casesfixed overrelaxtionis a good choice. For non-blind deconvolution
also an optimizedoverrelaxationtechniqueis available. This method further accelerates
convergencebut is morememoryandtime consuming.
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Method

This port specifieswhetherstandard(non-blind)or blind deconvolutionshouldbeused.

PSFParameters

Parametersfor calculatingthepoint spreadfunction. This port will only beshown if standard
(non-blind) deconvolution has beenselectedand no input PSF was specified,or if blind
deconvolutionhasbeenselected,in which casetheseparametersactasconstraints.

NA denotesthenumericalapertureof themicroscope.lambdadenotesthewavelengthof the
emittedlight in micrometerswith thevoxel sizesalsobeinginterpretedin micrometers.Finally,
n denotestherefractive index of thespecimen.

Micr oscopicMode

Selectswhetherthe input imagehasbeenrecordedusinga widefield microscopeor usinga
confocalmicroscope.This is importantfor thePSFgenerationaswell asfor theselectionof
appropriateconstraintsduringblind deconvolution.

Action

The DoIt button actually startsthe deconvolution process. Since deconvolution is a time
consumingoperation,it optionally can be performedas a batch job. A batch job can be
submittedusing the Batch job button. If this button is pressed,first a dialog is poppedup
allowing you to specifythefilenameof thefinal deconvolveddatasetaswell asthenumberof
optionalcheckpoint files (compareFigure1.6). A checkpoint storesan intermediateresult
obtainedaftera certainnumberof iterationshave beenperformed.The actualdeconvolution
job is startedvia the Amira job dialog. The job dialog is poppedup automaticallyafter the
job hasbeenfinally submitted,but this may take a few secondsif therearecurrentlyno jobs
running.

2.6 FourierTransform

Thismodulecomputeadiscreteforwardor backwardFouriertransformascalarinputdatasetwith uniform
coordinates.Alternatively, thepowerspectrum,i.e., thesquaredmagnitudeof theFouriertransformcanbe
computed.

Theorigin of the input datasetwill be ignoredby this module. Also, insteadof beingexpressedin wave
numbersthe boundingbox of a Fourier transfomeddatasetwill be the sameasthe boundingbox of the
input.
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Connections

Data
[required]
Theinput datato beFouriertransformed.

Ports

Mode

Optionmenuspecifyingtheactionto beperformed.

If a real scalarfield is connectedto the module,threeoptionsareavailable,namelyforward,
forward complex, andpowerspectrum. If forward is selected,theoutputis storedin a special
so-calledhalf-complex format. Suchan outputcanbe back-transformed,but not many other
operationscanbeperformedonit. If forward complex is selected,theoutputwill beacomplex-
valuedscalarfield with the samenumberof voxels as the input object. Finally, if power-
spectrumis selected,theoutputis a real-valuedscalarfield with thesamenumberof voxelsas
theinput objectcontainingthesquaredmagnitudeof theFouriertransform.

If a complex scalarfield in half-complex format is connected,the only option is backward,
indicatinga backwardFourier-transform.

If an ordinary complex scalarfield is connectedto the module, the threeoptions forward,
backward, and power spectrumare available. The first two optionsspecifiy a forward and
backwardFourier transform,respectively. The ouputis a complex scalarfield with the same
resolutionasthe input. If power-spectrumis selected,the outputis a real-valuedscalarfield
with the samenumberof voxelsasthe input objectcontainingthe squaredmagnitudeof the
Fouriertransform.

Action

Startsthecomputation.

2.7 PSFGen

This modulecan be usedto computea point spreadfunction (PSF)for deconvolution of widefield and
confocalmicroscopicimagedata.PSFcomputationis basedonelectromagneticvectortheory. Themodule
is partof theAmira deconvolutionpackage. It canbecreatedby selectingit from theEdit Createmenuof
theAmira mainwindow.

Connections

Data
[optional]
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A uniformscalarfield (usuallytheimagedatato bedeconvolved)canbeconnectedto thisport.
Thevaluesof theResolutionandVoxelsizeportswill besetautomaticallyto thevaluesof the
input field then.

Ports

Resolution

Thenumberof voxelsof thePSFimageto begenerated.

Voxel size[um]

Thevoxel sizein micronsof thePSFimageto begenerated.

PSFParameters

Parametersfor calculatingthe point spreadfunction. NA denotesthe numericalapertureof
themicroscope.lambdadenotesthewavelength(asmeasuredin vacuum)of theemittedlight
in micrometers. For confocaldata the excitation and emissionwavelengthare assumedto
be identical. In this caseit might prove useful to compensateby supplyinga valuebetween
excitationandemissionwavelenghtasparameter. Finally, n denotestherefractive index of the
specimen.

Micr oscopicMode

Selectswhetherthe PSFof a widefield microscopeor of a confocalmicroscopeshouldbe
computed.

Action

Actually computesthePSF.
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Examples

Example1: Confocal Data

The original dataset is provided underAmira-2.3/data/deconv/polytrichum.am. The imagesbelow were
createdusingtheProjectionView module.

Thepropertiesof thedatasetareasfollows:

� Numericalaperture1.4� Wavelengthof theemittedlight 0.58micrometers� Refractive index 1.516(oil)

Example2: Widefield Data

Theoriginal datasetis providedunderAmira-2.3/data/deconv/alphalobe.am. Theimagesbelow werecre-
atedusingtheProjectionView module.

Thepropertiesof thedatasetareasfollows:

� Numericalaperture0.5� Wavelengthof theemittedlight 0.58micrometers� Refractive index 1.33(water)

30
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Figure3.1: polytrichum.ambeforedeconvolution.
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Figure3.2: polytrichum.amafterdeconvolution.
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Figure3.3: XY-maximumintensityprojectionof alphalobe.ambeforedeconvolution.
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Figure3.4: XY-maximumintensityprojectionof alphalobe.amafterdeconvolution.
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