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Chapter 1

Amira Decorvolution Package

The Amira Decorvolution Packageprovidespowerful algorithmsfor improving the quality of microscopic
imagesrecordedby 3D widefieldandconfocalmicroscopesTwo differentmethodsaresupportednamely
aso-callechon-blindandablind decowolutionmethod bothbasedniterative maximume-likelihoodimage
restorationln thefirst casea measurear computedpoint spreadunction (PSF)is required.In thesecond
casethe PSFis estimatedalongwith the dataitself.

Thedocumentatiomf the Amira Decorvolution Packages separatedhto the following parts:

e Generakemarksaboutimagedecowolution
e Dataaquisitionandsamplingrates

e Standardiecomwolutiontutorial

e Blind decowolutiontutorial

e Beadextractiontutorial

e Performancéssuesandmulti-processing

Thefollowing modulesarepartof the Amira Decorvolution Package:

e BeadExtract obtaina PSFfrom abeadmeasurement
e Corvolution- corvolvetwo 3D images

e CorrectZDrop- correctsattenuatiorin z-direction

e DataPreprocesshackgroundandflatfield correction

e Deconvolution- theactualdecowolution front-end

e FourierTransform computed=FT andpower spectrum
e PSFGeneratecalculatesatheorecticaPSF

1.1 Generalremarks aboutimagedecorvolution

Decorvolution is a techniquefor remaoving out-of-focuslight in a seriesof imagesrecordedvia optical
sectioningmicroscopy. Intendedto investigate3D biological objects,optical sectioningmicroscoly works
by creatingmultiple images(optical sections)of a fluorescingobject, eachwith a differentfocus plane.
However, besideghein-focusstructuregheimagesusuallyalsocontainout-of-focuslight from otherparts
of the object, causinghazeand severe axial blur. This is even the casefor a confocallaserscanning
microscopewheremostof the out-of-focuslight is removedfrom the imageby a pinhole system.Mathe-
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matically, theimageproducedby any microscopicsystemcanbe describedasthe convolution of theideal
unblurredmageof the specimerandthe microscopes so-callechointspreadunction(PSF),i.e.,theimage
of anideal point light source.With theinverseof this processcalleddecowolution, a deblurredmageof
thespecimercanbe obtained providedthe point spreadunctionis known or atleast,canbe estimated.

The Amira decowolution packagemainly provides two variants of a powerful iteratve maximum-
likelihoodimagerestorationalgorithm, namelya non-blindoneanda blind one. The differencebetween
themis thatin thefirst casea measure@r computedpoint spreadunctionis usedwhile in theseconccase
the PSFis estimatedalongwith thedataitself. Maximum-likelihoodimagerestoratiorcanbeconsidereds
the de-factostandardor decomvolution of 3D optical sections.Althoughcomputationallyquite expensve,
themethodis ableto significantlyenhancemagequality. At the sametime it is very robustandinsensitve
with respecto noiseartifacts.However, it shouldbe notedthat,althoughrejectingmostof the out-of-focus
light, by no meansall of it is rejected. Therefore somenoticeablehazeremainsin the images.Also, the
imagesretaina substantiabxial smearingn z-direction,which cannotbe removed by arny decowolution
algorithm.

At thefirst sightonemaywonderwhy botha non-blindanda blind decowolution algorithmare provided
in Amira, althoughblind decowolution seemgo be moregenerakincethe PSFis calculatedautomatically
Oneansweris that blind decorvolution is computationallyeven more expensve than non-blind iterative
maximum-likelihoodimage restoration. The other answeris that in a blind decorvolution algorithm a
meaningfulestimateof the PSFcanonly be computedf serereconstraintsareimposed. For example,a
trivial solutionof the blind decorvolution problemwould be a deblurredimagewhich is identicalto the
inputimageanda PSFwith the shapeof anideal deltapeak. Obviously, this solutionisn’t usefulat all.
Thereforejf for exampleconfocaldatais to be decowvolvedthealgorithmfits theactualPSFin suchaway
thatit looks like a possiblemeasuredSFof a confocalmicroscope.More precisely the fit is constraint
to bein agreementvith the experimentalparametergthe refractive index of the medium,the numerical
apertureof the objective andthevoxel-sizes).Sometimesthis canleadto wrongresults for examplewhen
the confocalpinhole apertureof the microscopewasnt stoppeddown sufiiciently during confocalimage
acquisition,in which casethe microscopeactually didn't behae like a true confocalmicroscope.As a
matterof fact you shouldtry which approachprovidesthe bestresultsfor your own imagedata, blind
decowolutionor non-blinddecowolutionwith eithera measurear anautomaticallycomputed®SFE

1.2 Data aquisition and sampling rates

In orderto obtainbestquality whendecorwolving microscopidmagessomefundamentaguidelinesshould
be obeyedduringimageaquisition. Goodresultsmay be obtainedevenif someof theseguidelinesarenot

followedexactly, butin generathechanceso getsatishctoryresultsmproveif they are.Below we discuss
themostimportantrecommendations.

Adjusting the scannedimagevolume

Theregionof interestshouldbe centeredn the middle of theimagevolume,astheopticsof themicroscope
hasusuallythe leastaberrationsn this region andit helpsto avoid possibleboundaryartifacts,which can
ariseduringthedecorolutionprocedure Especiallyfor widefielddatait isimportantto recordasuficiently
large (preferablyempty)region belon andabore the actualsample.ldeally, this region shouldbe aslarge
asthe sampleitself. For example,if the samplecovers100 micrometerin z-direction,the scannedmage
volumeshouldrangefrom 50 micrometemelon the sampleto 50 micrometeraboveit.
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Choosingthe right sampling rate

The samplingrate is determinedby the pixel sizesin x andy directionaswell asthe distancebetween
two subsequemptical sectionspoth measuredn micrometers Generallyspeakingjmagedecorvolution

worksbestif the datais apparentlyoversampledi.e., if the pixel or optical sectionspacingis smallerthan

required. ThemaximalrequiredsamplingdistancgNyquistsampling)to avoid ambiguitiesn thedatacan
be optainedrom considerationin Fourierspaceyielding

A
ANA’

where) denoteshewavelengthand VA is thenumericalapertureof themicroscope Similar considerations
yield for themaximaldistancebetweeradjacenimagedplanes:

_ A
~ 2n (1 —cos(a))’

dypy =

d.

wheren denotegherefractive index of the objectmediumandalpha the aperturehalf angleasdetermined
by NA = n sin(a).

For a confocalmicroscopédoththein-planesamplingdistanceandthe axial samplingdistanceneedto be
in theoryapproximately2 timessmaller However, this requirements far to strict for mostpracticalcases
andevenin thewidefield case approximatelyfullfilling theabove requirementss oftensuficient.

The total numberof optical sectionsis obtainedby dividing the heightof the imagevolume by the sam-
pling distanced,. It shouldbe mentionedthatdecowolution alsoworksif the samplingdistancesrenot

matchedigorousy but matchingthemimprovesthe chancego getgoodresults.In generaloversampling
the objectis lessharmful than undersamplingt, with one exception: In caseof confocaldatathe sam-
pling distanced,, shouldnotbe muchsmallerthanindicated,if the blind decorvolution algorithmor the
non-blinddecowolution algorithmtogetherwith a theoreticallycomputedconfocalPSFareused. Other

wisethe unconstrainMaximum Lik elihoodalgorithmandthe predominannoisein the datamight leadto

unsatiséctoryresults.

Black level and saturation

Beforegrabbingimagesfrom the microscopes camerahelight level shouldbe adjustedn suchaway that
saturatedixels, eitherblack or white ones,are avoided. Saturatedpixels are pixels which are clamped
to either black or white, becauseheir actualintensity valuesare outsidethe rangeof representablén-
tensities.In ary case saturationmeansa lossof informationandthus preventsproperpost-processingr
decowolution. At the sametime anextensvely high blackgroundevel shouldbe avoided,sinceit dereases
the dynamicrangeof the imaging systemandthe decomwolutionsperformworse. This meanghat empty
regionsnot shawing ary fluorescencehouldappeamlimostblack. A backgroundevel closeto zerois es-
peciallyimportantwhenbeadmeasurement@reperformedn orderto extractanexperimentalpointspread
function. Detailsarediscusseds a separatéutorial aboutbeadextraction

1.3 Standard Decorvolution Tutorial

This tutorial explainshow 3D imagedatasetscanbe decowolvedin Amira. It is asumedhatthereadelis
alreadyfamiliar with the basicconceptof Amira itself. If thisis notthe case,t is stronglyrecommended
to work throughthe standardAmira tutorialsfirst. In this sectionthe following topicsarecovered:

1. Prerequisite$or decomwolution
2. Resamplinga measuredPSF
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3. Decorvolving animagedataset
4. CalculatingatheoreticalPSF

As an examplewe are going to use a confocaltest dataset (polytrichum.anm) provided with the Amira
decowolutionpackage The datafile is locatedin the directoryAmira-2.3/data/decon

e Loadthedatasetpolytrichum.am
¢ Visualizeit for exampleusinga Projection\few module.

Thedatasetshavs four chloroplastsn a sporeof the mosspolytrichumcommune.

Prerequisitesfor decorvolution

Besidesthe image dataitself for the standardnon-blind decomwolution algorithm also a so-calledpoint

spreadfunction (PSF)is required. The PSFis the imageof a single point source,or approximatelythe

imageof asinglefluorescingsub-resolutiorsphere.PSFimagescaneitherbe computedrom theory(see
below) or they canbe obtainedfrom measurementsln the latter casetiny so-calledbeadsare recorded
underthe sameconditionsas the actualobject. This meansthat the sameobjective lens, the samedye

andwavelength,andthe sameimmersionmediumare used. Typically, the imagesof multiple beadsare
averagedo obtainanestimateof asinglePSFE Amira providesamodulecalledBeadExtractacilitatingthis

processTheuseof thismoduleis discussedn a separateutorialaboutbeadextraction. At this pointlet us

simplyloada measured SFfrom afile.

e Loadthedatasetpolytrichum-psfam
e UsetheProjection\few moduleto visualizeit.

ThePSFappearssa bright spotlocatedin themiddle of theimagevolume(Figurel.1). It isimportantthat
the PSFis exactly centeredOtherwise the decowolveddatasetwill be shiftedwith respecto theoriginal
image. Also, it is importantthat the PSFfadesout to black at the boundaries.If this is not the case the
blacklevel of the PSFimageneedso beadjustedusingthe Arithmeticmodule.Finally, neitherthe PSFnor
theimageto bedecowolvedshouldexhibit intensityattenuationartifacts i.e.,imagesliceswith decreased
averageintensitydueto exessve light absoprtionin otherslices. If suchartifactsarepresentthey canbe
removedusingthe CorrectZDropmodule.

Resamplinga measured PSF

Next, selectboth,the PSFandtheimagedata. You'll noticethatthe voxel sizesof both objectsarenot the
same.t is recommendetb adjustdifferentvoxel sizesof PSFandimagedataprior to decomwvolutionusing
the Resamplanodule. The decorvolution moduleitself alsoaccountdor differentvoxel sizes,but is does
so by usingpoint samplingwith trilinear interpolation. This is ok aslong asthe voxel size of the PSFis

largerthanthat of the imagedata. However, in our casethe voxel size of the PSFis smallerthanthat of

theimagedata,i.e., the resolutionof the PSFhigher Usingthe Resamplemoduleprovidesslightly more
accurateaesultshere,sinceall sampleswill befilteredcorrectlyusingalLanczoskernel.

e Connecita Resamplenoduleto polytrichum-psfam

e Connecthe Refeenceport of the Resamplenoduleto theimagedatasetpolytrichum.am
e In theModeport of the Resamplenodule,choosevoxelsize(seeFigurel.2).

e Resampleéhe PSFby pressinghe Dolt button.
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Figure 1.1 Maximumintensityprojectionof polytrichum-psfam

The voxelsizeoption meanghatthe PSFwill beresampledn a grid with exactly the samevoxel sizeas
theimagedataset,whichis connectedo the Refeenceport. While the original PSFhada resolutionof 12
x 12 x 30 voxels,theresampledneonly has12 x 12 x 16 voxels. However, the extentof a singlevoxel in
z-directionis biggernow.

Decorvolving an imagedata set

After a suitablePSFhasbeenobtainedwe arereadyfor decomwolving theimagedataset. This canbedone
by attachinga Decorvolutionmoduleto theimagedata.

e Connecia Decorvolutionmoduleto polytrichum.am

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

Oncethe decowolution moduleis connectedo its two input objects,someadditionalparametersieed
to be adjusted(for a detaileddiscussiorof theseparameterseealsothe referencedocumentatiorof the
Decorvolutionmoduleitself). Figurel.3shovsthesesettings:

Border width: For decowolution the imagedatahasto be enlagedby a guardbandegion. Otherwise
boundaryartifactscanoccur, i.e., informationfrom onesideof the datacanbe passedo theother Thereis
no needto make the borderbiggerthanthesizeof the PSE However, if thedatasetis darkatthe boudaries
asmallerborderwidth is sufficient. In our casejet uschoosehebordervaluesO, 0, and8 in thex, y, andz
direction.

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

Initial estimate:Specifiegheinitial estimateof the decowolutionalgorithm. If constis chosera constant
imageis usedinitially. Thisis the mostrobustchoice,yielding goodresultsevenif the input datais very
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Figure 1.2 Resamplinga PSFusingthe Resamplenodule.
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Figure 1.3 Decorvolution moduleattachedo polytrichum.am

noisy. We keepthis optionhere.

Overrelaxation: Overrelaxationis a techniqueto speedup the corvergenceof the iterative decorvolution
process.In mostcaseghe bestcompromisebetweenspeedandquality is fixedoverrelaxation.Therefore
we keepthis choicealso.

Method: Selectshetweerstandardnon/blind)andblind decorvolution. Lets specifystandad here.

The actualdecowolution processis startedby pressingthe Dolt button. Pleasepressthis button now.
The decorvolution shouldtake about1-2 minuteson a moderncomputer During the decowolution the
progressarinformsyou aboutthe statusof the operation.Also, after every iterationa messagés printed
in the Amira consolewindow indicatingthe amountof changeof thedata.If the changeseemgo besmall
enoughyou canterminatethe decorvolution procedureby pressinghe stopbutton. However, notethatthe
stopbuttonis evaluatedonly oncebetweertwo consecutie iterations.

Whendecormwolution is finisheda new datasetcalled polytrichum.decomappearsn the objectpool. You
might take a look at the decowolved data by moving the Projection\few connectionline from poly-
trichum.amto polytrichum.decon
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Figure 1.4 The PSFGemmodulecalculategheoreticaPSFs.

Calculating a theoretical PSF

Sometimedeadmeasurementare difficult to perform,so that an experimentalPSFcannoteasily be ob-
tained. In suchcasesa theoreticalPSFcan be usedinstead. Amira providesthe module PSFGenerate
allowing you to calculatetheoreticaPSFs.The modulecanbe createcby selectingP SFGeneatefrom the
Edit Createmenuof the Amira mainwindow.

Oncethe moduleis createdagainsomeparameterhave to be entered. The resolutionandthe voxelsize
canbemosteasilyspecifiedby connectinghe Data port of the PSGGeneaate moduleto theimagedataset
to becorvolved.In our casepleaseconnecthis portto polytrichum.am

In orderto generatea PSFyou alsoneedto know the numericalapertureof the microscopeobjectie, the
wavelengthof the emittedlight (to be enteredn micrometers!) andthe refractive index of theimmersion
medium. In our testexamplethesevaluesare NA=1.4, lambda=0.58and n=1.516(oil medium). Also,
changehe microscopianodefrom widefieldto confocal.

After pressingthe Dolt buttonthe computedPSFappearsasanicon labelledPSFin the objectpool. You
cancomparehetheoreticalP SFwith themeasure@dneusingthe OrthoSlicemodule.You'll noticethatthe
measuredP SFappearso beslightly wider. Thisis acommonobsenationin mary experiments.

Onceyou have computeda theoreticalPSFyou canperformnon-blinddecomwolution asdescribedabore.
However, for corveniancethe Decorvolution moduleis alsoableto computea theoreticalPSFby itself.
You cancheckthis by disconnectinghe Kernelport of the Decorvolutionmodule.If noinputis presenat
this port, additionalinput fields areshavn, allowing you to enterthe sameparameteraumericalaperture,
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wavelength refractive index, andmicroscopicmodeasin PSFGeneaite. After theseparameterbiave been
enteredhe decorvolution processagaincanbe startedby pressinghe Dolt button.

Note, that ary previous resultconnectedo the Decorvolution modulewill be overwrittenwhen starting
thedecomwolution processagain. Therefore pe sureto disconnect previousresultif youwantto compare
decowolutionwith differentinput PSFs.

1.4 Blind Decorvolution Tutorial

This tutorial explainshow blind decowolution canbe perfomedin Amira. At the sametime it describes
how decorvolution jobs canbe processedisingthe Amira job queue. Like in the previous tutorial it is
assumedhatthereaderis alreadyfamiliar with the basicconceptof Amira itself. If not, we recommend
to work throughthe standardAmira tutorialsfirst.

A blind decorvolution example
Let usstartby loadinga raw imagedatasetfirst.

o Loadthefile alphalobeamfrom thedirectoryAmira-2.3/data/decon
¢ Visualizethe datasetby attachinga Projection\few moduleto it.

The datasethasbeenrecordedusinga widefield microscopelt shavs a stainedneuron thealpha-neuron,
from a part of the brain of a beecalledthe optical lobe. Comparedo the confocaldatasetusedin the

standarddecorvolution tutorial alphalobeamis muchbigger It hasaresolutionof 248x 248x 256 voxels

with auniformvoxel sizeof 1 micrometer In thexy-planeof the projectionview thestructureof theneuron

can be clearly identified. However, the contrastof the imageis quit poor becausehereis a significant

amountof out-of-focuslight or hazepresentWith Amira’s blind decorvolution algorithmwe canenhance
theimagedatawithout needingto know anexplicite PSFin advance.

e Attachadecorolutionmoduleto alphalobeam
e Adjustthe parametertike shaovn in Figurel.5.

Theindividual parameterfiave the following meaning:

Borderwidth: Lik e for standarchon-blinddecowolutiontheimagedatahasto beenlagedby aguardband
region. Otherwiseboundaryartifactscanoccur, i.e., informationfrom one side of the datacanbe passed
to the other In our casewe only provide a small guardbandegion of 8 voxelsin x- andy-direction. In
z-directionwe don't provide ary borderbecauseherearesuficiently mary emptyslicesbelon andabove
the actualneuron. The resultingsize of the dataarrayson which the computationsare performedthen
is 256 x 256 x 256, which is nice becausat is a power of two andthusthe fastFouriertransformsthe
computaionallymostexpensve partof thedecowolution algorithm,canbe executedsomevhatfaster

Iterations: We choosea valueof 25 here.Dependingnthedata,usuallyatleastl0iterationsarerequired.
With overrelaxatiorbeingenabledseebelow), resultsusallydon’t improve muchafter40iterations.

Initial estimate:Specifiegheinitial estimateof thedecowolutionalgorithm. Sincethereis notmuchnoise
presentin the original alphalobeimagesit is safeto choseinput data here. This causeghe algorithmto
corvergeevenfaster

Overrelaxation: Overrelaxationis a techniqueto speedup the corvergenceof the iterative decorvolution
processWe enableoverrelaxatiorby chosingthefixedtoggle.

Method: We choseblind herein orderto selectthe blind decorvolution algorithm.
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Figure 1.5 Parametergor blind decowolution.
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Figure 1.6: Dialog for submittinga decowolution job.

PSFParametes: For alphalobeamthe numericalaperturds 0.5, thewavelengthis 0.58 micrometersand
therefractive index is 1.33 (water). Theseparametergarerequiredin orderto apply certainconstraintgo
the estimatedpoint spreadfunction. They arealsousedin orderto computean initial PSF If a dataset
would beconnectedo the Kernelportof thedecomwolutionmodule this datasetwould beusedastheinital
PSFwith the givenPSFparameterstill actingasconstraintsFor example,you could provide a measured
PSFandlet it befitted to the actualdataby the decorvolution algorithm.

Microscopicmode:alphalobeamis awidefield dataset,soselectthis optionhere.

Submitting a decorvolution job

After all parametersiave beenenteredthe decorvolution processanbe started.On a moderncomputer
blind decorvolution of our testdatasetroughly takesabout20 minutes.Especially if youwantto decon-
volve multiple datasetsat onceit is incorvenientto do this in aninteractive session.Thereforemultiple

decorvolution jobs canbe submittedto the Amira job queueandthen,for example,processeaver night.

Thisworksasfollows:

e PresgheBatc Job button of the Actionport. A dialogasshavn in Figurel.6 popsup.

¢ In the dialog choosea file hameunderwhich you want to save the decorvolved data set, e.qg.
C. / Tenp/ al phal obe- deconv. am

o Modify thetext field, sothatcheckpointfiles arewritten afterevery 5 iterations.

Checkpoint files are usedto storeintermediateresults. With the above settingsthe decomwolved data
is written into a file after every 5 iterations. Check point files are called like the final result, but a
consecutte numberis insertedjust beforethe file namesufiix. For example, if the result file name
is C./ Tenp/ al phal obe- deconv. am the check point files are called C. / Tenp/ al phal obe-
deconv-0005. am C./ Tenp/ al phal obe- deconv-0010. amandso on. Now we are readyto
actuallysubmitthe batchjob.

e Presghe Submitbuttonof thedecomwolutiondialog. After afew secondshe Amira batchjob dialog
appearsgomparg-igurel.7.

e Selectthedecomwolutionjob andpressthe Startbutton.

Younow haveto wait about20 minutesuntil thedecowolutionjob is finished.Oncethejob queuehasbeen
startedyou canquit Amira. Thebatchjobswill be continuedautomatically If Amira is still runningwhen
the decowvolution job exits thenthe resultwill be loadedautomaticallyin Amira. Otherwiseyou have to
restartAmira andloadthe decowolveddatasetmanually
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Figure 1.7: The Amira job dialogshaving a pendingdecowolution job.

1.5 BeadExtraction Tutorial

Non-blind decowolution is a powerful and robust methodfor enhancinghe quality of 3D microscopic
images. However, the methodrequiresthat the imageof the point spreadfunction (PSF)responsibldor
imageblurringis provided. As statedn the standardiecomwolutiontutorial, the PSFcaneitherbecalculated
theoreticallyor it canbe obtainedfrom a beadmeasurementAmira providesa special-purposenodule
called BeadExtractvhich facilitatesthe extractionof PSFimagesfrom oneor multiple beadmesurements.
In this tutorial the useof the moduleshallbe explained. Thefollowing topicsarecovered:

1. Beadmeasurements
2. ProjectionView andProjectionView Cursor
3. Resamplingandaveragingthebeads

Beadmeasurements

ThePSFis theimageof a singlepoint sourcerecordedunderthe sameconditionsastheactualspecimenlt

canbeapproximatedby theimageof afluorescingsub-resolutiomicrosphereaso-callecbead.Performing
goodbeadmeasurementgquiressomepracticeandexpertise.ln orderto obtaingoodresultsthefollowing

hintsshouldbe obeyed:

1. Use the right beads. It is important that the bead size is smaller than approximately1/2
full width at half maximum (FWHM) of the PSE Good sourcesfor obtaining beadssuitable
for PSF measurementsre Molecular Probes(ht t p: / / www. pr obes. cont ) or Polysciences
(htt p: / / www. pol ysci ences. conl ).

2. Thebeadanustbesolid. Besidessolid beadgherearealsobeadawith the shapeof a sphericakhell,
allowing to checkthefocusplaneof a mircoscope Suchbeadscannotbe usedasa sourcefor PSSF
generatiorin the currentversionof Amira.

3. Don't recordclustersof multiple beads.Sometimesnultiple beadsmay glue togethey appearingas
asinglebig bright spot. Computinga PSFfrom sucha spotobviously leadsto wrongresults.

4. Note that beadsare not resistantto a variety of embeddingmedia. In particularbeadswill be de-
stroyedin xylenebasedcembeddingnediasuchasPermoun{FisherScientific)andmethylsaligylate
(frequentlyusedto clearup thetissue).As a substituteyou might useimmersionoil insteadwhich
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hasasimilar refractive index ase.g. methylsalic/late.

5. The sampleandthe beadsshouldalwaysbe imagedascloseto the coverslipaspossible.Whenit is
not possibleto attachthe sampleto the coverslip, the beadsshouldalsobeimagedin a comparable
depth,embeddedh thesamemountingmedium.Imagingthe beadswith betterquality thanthe sam-
plewill yield aslightly blurreddecorvolution result. However, whenthe PSFusedfor decomwolution
is toowide, artefactscanariseduringdecorvolution.

The objective lenseshouldalwaysbe selectedhccordingto the mountingmediumii.e. if thesample
is attachedo the slide andembeddedn a buffer of refractive index closeto water a severeloss of
imagequality can be expectedwhen using an oil-immersionobjective without a correctioncollar.
Decorvolution of properlyimageddatawill allwaysbe supperiorto decorwolution of datasuffering
from abberations.

6. Problemsoccurif the mountingmediumremainsliquid. In this casethe sampledistribution may
not be permanent.If your specimeris to be embeddedn wateryou cantry to immersethe beads
in anagarosegel of moderateconcentratiorinstead.Attachingthe smallbeadgo the coverslip (for
exampleby letting themdry) is oftenalsosuficientfor immobilisation.

An exampleof animagedatasetcontainingmultiple beadss providedin thefile beads.anin thedirectory
Amira-2.3/data/decon

e Loadthedatasetbeads.am
e Visualizethe datausinga Projection\few module.

Projection View and Projection View Cursor

Thebeaddatasetcontainsfive differentbeadsavhich canbe clearly seenin the threeorthogonalplanesof

the Projection\few module. In orderto obtaina single PSFwe first wantto selectseveral “good” beads.
Thesebeadsare thenresampledand averaged thusyielding the final PSE A beadcanbe consideredas
“good” if it is clearlyvisible andif it is not superimposedly otherbeadqevenwhendefocused),

Selecting‘good” beadsds aninteractive processlt is mosteasilyaccomplishedisingthe Projection\few’s
Cursomodule.This moduleallows youto selectapointin 3D spaceby clicking on oneof thethreeplanes
of the Projection\few module. The third coordinateis automaticallysetby looking for the voxel with the
highestintensity Pointsselectedvith the Cursor modulecanbestoredin a LandmarkSetlataobject.

e Attacha Cursor moduleto the Projection\few module.

e Click onary beadon oneof thethreeplanes.

e Storethecurrentcursorpositionin a LandmarkSebbjectby pressinghe Add button.
e Selectandaddsomeotherbeadgoo.

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

You canremove incorrectbeadpositionsfrom the landmarksetby invoking the landmarkseteditor. In
orderto activatethe editor selectthe landmarksetobjectand pressthe greenbutton with the disk-shaped
symbol.If youwantto addadditionalbeadpositionsto anexisting landmarksetobject,make surethatthe
masterport of the landmarksetobjectis connectedo the Cursor module. Otherwise a new landmarkset
objectwill becreated.
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Figure 1.8 Individual beadscanbeinteractvely identifiedusinga Cursor module.

Resamplingand averaging the beads

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

e ConneciaBeadExtact moduleto the Landmarksobject.

e Make sure,that the Data port of BeadExtact is connectedo the beaddatasetbeads.am If the
landmarksarestill connectedo thebeadsvia the CursorandProjection\few modulestheconnection
is establishedutomatically

The BeadExtact module providestwo buttonscalled Adjust centes and Estimatesize which shouldbe
invokedin a preprocessingtepbeforethe beadsareactuallyextracted.

The first button (Adjustcentes) modifiesthe landmarkpositionsso thatthey are preciselylocatedin the
centerof gravity of theindividual beads.

The secondbutton (Estimatesize computesan estimatefor the numberof voxels of the PSFimageto be
generatedThis buttonis only active if no PSFimageis connectedasaresultto BeadExtact If thereis a
resultobject,theresolutionandvoxel sizesof theresultareusedandthe port becomesnsensitve.

Any of the actionsof the two preprocessindputtonscanbe undoneusingthe Undo button. This canbe
necessaryor exampleif two beadsaretoo closeso that no correctcenterposition could be computed.
In general,overlapsbetweenneighbouringbeadsshouldbe avoided. Small overlapsmight be tolerated
becausa@uringresamplingntensitiesareweightedaccordingto theinfluenceof surroundingbeads.

o Performthe preprocessingtepsAdjustcentes andEstimatesize
e Computearesamplecindaveraged®SFby pressinghe Exziact beadsbutton.

The datatype of the resultingPSFwill be float, irrespectvely of the datatype of the inputimage. The
individual beadswill be weightedon a pervoxel basisandaddedto the result. No normalizationwill be
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Figure 1.9: The BeadExtact moduleresamplesindaveragesmultiple beads.

performedafterwards.You mayinvestigateheresultingPSFimageusingary of the standardsisualization
modules.In Figurel.10avolumerenderingof theresultingPSFis shown.

In somecasesyou may wantto averagemultiple beadsrecordedn differentinput datasets. This canbe

easilyachieved by creatinga Landmarksobjectfor eachinput dataset. For thefirst input datasetextract
the beadsas describedabove. For the otherinput datasetalso usethe BeadExtact module. However,

make surethatthe PSFobtainedfrom thefirst input datasetis connectedisa resultobjectto BeadExtact

beforepressinghe Dolt button. In orderto usean existing PSFasa resultobjectconnectthe Masterport

of the PSFto BeadExtact (oncethis is donethe Resolutionand Voxel sizeportsof BeadExtact become
insensitve, seeabove). If anexisting resultis usednew beadssimply will be addedinto the existing data
set. Thereforedatasetshouldbe scaledin intensityaccordingto their quality prior to beadextractionand
summatiorto obtaina suitableweightingof theindividual extractedbeadsn thefinal result.

1.6 Performanceissuesand multi-pr ocessing

Iterative maximume-likelihood decomwvolution essentiallyis the most powerful and mostrobust technique
for the restorationof 3D optical sections. However, it is also computationallyvery demanding. It can
take several minutes(sometimeeven hours)to procesdarge 3D datasets. This is not due an improper
implementatiorbut dueto the algorithmitself. Both, the blind andthe non-blind variantof the method,
rely heavily onfastFouriertransformsn orderto efficiently computeconvolutions. If youwantto improve

performancetry to adjustthe sizeof your datavolumessothatthe numberof voxelsplusthe borderwidth

is a power of two. Sometimesit is worth to enlage the borderwidth alittle bit in orderto geta power

of two. Althoughthe algorithmworkswith dataof ary size,powersof two canbe transformedsomevhat
faster

Anotherissueis memoryconsumptionlnternally, severalcopiesof the datasetneedto be allocatedby the
decorvolutionalgorithm. Thesecopiesshouldall fit into memoryatthe sametime (a specificvariantof the
algorithmsuitablefor working underlow memoryconditionswill be providedin a laterversion).Besides
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Figure 1.1Q Thefinal PSFvisualizedusinga \oltex module.

theinput dataitself thefollowing numberof working arraysarerequiredby the differentmethods:

e 3 working arraysfor the non-blindalgorithmwith no or with fixed overrelaxation
e 5working arraysfor the non-blindalgorithmwith optimizedoverrelaxation
e 5workingarraysfor the blind algorithm

The numberof voxels of aworking arrayis the productof the numberof voxels of the input datasetplus
theborderwith alongeachstatialdimension.The primitive datatype of aworking arrayis a4-bytefloating
point number For example,if the numberof voxels of the input datasetplus the borderwidth is 256 x
256 x 256 (asfor the alphalobeamdatasetin the blind decowolution tutorial), eachworking array will
be about64 MB, irrespectvely of the primitive datatype of the input dataset. Thereforeat least192 MB
(3x4x256x256256 bytes)arerequiredfor non-blinddecomwolutionwith fixed overrelaxationand320MB
(5x4x256x256256 bytes)for blind decomwvolution. Keepthis in mind whenconfiguringthe computeron
which to performdecorvolution! However, alsonotethatfor mostplatformsit usuallydoesnt make sense
to have morethan1.5GB of mainmemory For morememorya 64-bit operatingsystemis required.Ona
Windows PC, it is stronglyrecommendedot to useWindows 98 or Windows ME if you have morethan
512MB of mainmemory

Finally, it shouldbe mentionedthat the decowolution algorithmcanmake useof a multi-processoCPU

board.Althoughyou don't gettwice theperformancen adual-processdPC,a speed-umf almostl.5can

be achieved. On default, Amira usesasmary processorssthereareon the computer If for somereason
you wantto uselessprocessoryou cansetthe enironmentvariable AM RA_DECONV_NUM THREADS to

thenumberof processorgou actuallywantto usesimultaneously



Chapter 2

Module Reference

2.1 BeadExtract

This moduleis partof the Amira decomvolution packagelt canbe usedto resampleandaveragetheimage
of oneor multiple beadsij.e., fluorescingsub-resolutionmicrospheresherebyobtaininganapproximation
of apoint spreadunction (PSF)requiredfor non-blinddecormwolution.

Themodulemustbeconnectedo theimagedatasetcontainingthemeasuretheadsaswell asto alandmark
setindicatingthecenterpositionsof all beadgo beresampleéndaveraged Thewholeproces®f obtaining
a point spreadfunction from a beadmeasuremeris describedn a separatdutorial on beadextraction

Pleaseeferto this tutorial for moreinformationon how to usethe module.

Connections

Data

[ required]

Connectiorto a uniformimagedatasetcontainingmeasuredbeads.

Landmarks

[ required]

Connectionto alandmarksetindicatingthe centemositionsof the beadso be resampledand
averaged.

Ports

Info

8 Info: landmark zet defines 1 bead

Displaysthe numberof beadgo beresampledndaveraged.

Resolution

8 Rezolution: % |33 w33 z |BA

21
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Specifiesthe numberof voxels of the final PSFimageto be generated.If a PSFimageis
connectedasa resultobjectto this module,the port becomesnsensitve and the numberof
voxelsof theresultobjectareused.

Voxel size[um]

8 Voxel size [um]: = ID-D4 y|0.04 z|0.04

Specifieghe voxel sizeof thefinal PSFimageto be generatedn micrometerslf aPSFimage
is connectedasa resultto this module,the port becomesnsensitve andthe voxel size of the
resultobjectis used.

Preprocess

8 Preproceszs: Adjust centers | Eztimate sizel Llnu:h:ul

Adjustcentes: If this buttonis pressedhe landmarkpositionsof the datasetconnectedo
port Landmarksare shiftedto the centerof gravitiy of the correspondindpead. It is required
thattheinitial landmarkpositionsareinsidethe beadimagesandthat neighbouringoeadsdo
notoverlapsignificantly Otherwiseincorrectcenterpositionsmaybe computed.

Estimatesize: If this buttonis pressedhe desirednumberof voxels of the final PSFimage
specifiedn port Resolutiorarecomputedautomatically Beforethis is donethe beads’'center
positionsalreadyshouldhave beenadjusted. The estimateis computedby determiningthe

extentof the biggestspotaroundary landmark.Again, it is requiredthatneighbouringoeads
do not overlapsignificantly The Estimatesizebuttonbecomesnsensitve if a resultobjectis

connectedo themodule.In this casealwaysthe sizeof the existing PSFimagewill beused.

Undo: Undosthe effect of ary of the previous two buttons. For example,if wrong center
positionshave beencomputedafter pressingAdjustcentes, the original landmarkpositions
canberestoredusingthe Undobutton.

Action

8 Action: N Extract I:ueadsl

Actually extracts the beadswith the centerof the resulting datasetcorrespondingo the
currentpositionsof the landmarks. The image volume aroundevery landmarkis extracted
andresampledisinga Lanczosfilter (comparethe Resamplenodule). The resampledead
imagesarethenaddedo theresultobject. Thefinal PSFis not normalized.

2.2 Convolution

This moduleconvolvestwo uniform 3D dataobjectswith eachotherby Fourier transformingthe two in-
puts,multiplying them,andthentransformingthemback. The moduleis part of the Amira decorwolution
packagelt canbeusedfor exampleto verify theresultsof imagedecowolution.

The boundingbox and voxel sizesof the input datasetand the corvolution kernel are ignoredby this
module.Usethe Resamplenoduleto make surethattheresolutionof bothinputsis identical.
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Connections

Data
[ required]
Thedatasetto be convolved.

Kernel
[ required]
Thecorvolution kernel.

Ports

Border width

8 Border width: = |12 y|le z |30

Definesthesizeof theborderregion. A borderregionis necessaryf theinputdatasetdoesnt
fadeoutto blackattheboundaries.

Options

8 Options: ¥ rnomalize kemel W add noize

If normalizekernelis selectedtheintegral of thecorvolutionkernel(connectedo portKerne)
will be normalizedto one. If thisis not the casethe intensitiesof the corvolved datasetwill
be scaledby the actualintegral.

If apply noiseis selectedthe valuesof the corvolved datasetwill be multiplied by random
numberauniformly distributedaroundl (white noise).

Noiselevel

8 Moize level: h\ IEI

This portwill only be shown if the apply noiseoption of the Optionsport hasbeenselected.
It specifiesthe amountof noiseappliedto the output,i.e., the rangeof the randomnumbers
aroundl, by which theresultis multiplied.

Action

8 Action: I Du:ultl

Actually corvolvestheinput datasets.

2.3 CorrectZDrop

This modulelets you fix artifactsin 3D microscopicimagescausedy light absorptionin otherslices. If

suchartifactsare presentthe averageintensity in lower slicesseemso be decreased.This so-calledz-
drop or intensityattenuationcanbe correctedautomaticallyby fitting anexponentialcurve to the average
intensitiesn eachslices,or manuallyby providing a userdefinedformula.
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Connections
Data
[ required]

Theimagedataexhibiting a z-dropartifact. Scalarfields with uniform or stacled coordinates
aswell asmulti-channefieldsaresupported.

Ports

Mode

8 Mode: ™ automatic © manual

Letsyou selectbetweerautomationodeandmanualmode.

Expression

8 Expreszion: |1.06853%xp(-0.131454%)

This port is only availableif 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 O for the first
slice and 1 for the last slice. For the otherslicesit takesintermediatevaluesdependingon
the actualslice location(this makessupportof stacled coordinatesasy).In automaticmode
thefollowing formulaa* exp( b*u) will beused,wherea andb arefitted automatically If
you first performan automaticz-drop correctionandthen switch to manualmode, the fitted
expontialwill bedisplayedn the port'stext field.

Action

8 Action: I Du:ultl

Startsz-dropcorrection.

2.4 DataPreprocess

This moduleis partof the Amira decomwolution packagelt canbe usedto apply both a backgrouncanda
flatfield correctionto araw 3D imagestack.

For the backgrounctorrectiona singlebackgroundmagehasto be providedat the badkgroundport of the
module.Thebackgroundmageshouldbe a nearlyblackimagerecordedwith the cameras shutterclosed.
This imageis subtractedrom all slicesof the 3D input dataset,thuscompensatindor ary dark currentof
thecameras CCD detector

For theflatfield correctiona singleflatfield imagehasto be providedattheflatfield port of themodule.The
flatfieldimageshouldbeanunfocusedlmostwhite imagetakenfrom adropof homogeneouslfluorescing
dye. Theintensitiesof the 3D input imagearethenscaledaccordingto the normalizedintensitiesof the
flatfieldimages.Theinputimagegetsbrighterat pixelswheretheflatfield is darkandvice versa.ln thisway
non-uniformsensitvity of the cameras CCD detectolis compensatedf botha flatfield anda background
imagearepresentthe backgrounds subtractedrom theflatfield too.
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Connections

Data

[ required]

Theraw 3D imagestackto be corrected.Any regular scalarfield with uniform coordinatess
supported.

Background

[optional]

An optional2D backgroundmagewith the samenumberof voxelsin x andy directionasthe
3D inputimage. If aninputis presentat this port a backgroundcorrectionis performed(see
above).

Flatfield

[optional]

An optional2D flatfield imagewith the samenumberof voxelsin x andy directionastheinput
image.In aninputis presentatthis port aflatfield correctionis performed(seeabove).

Ports

Background

8 Background: mean=3.11823 deviation=1.5651

Displaysthemeanvalueandthe standardieviation of thebackgroundmage,if suchanimage
is presentOnly thefirst sliceis considered.

Flatfield

8 Flatfield: Mo flatfield image connected

Displaysthe meanvalueandthe standarddeviation of the flatfield image,if suchanimageis
presentOnly thefirst sliceis considered.

Action

8 Action: I Du:ultl

Startsthe computationandproducesa correctecoutputdataset.

2.5 Decorvolution

This moduleis the front-endfor decorvolving 3D microscopicdmages.Two differentiterative maximum-
likelihoodimagerestorationalgorithmsare provided, a non-blindoneanda blind one. For a generalde-
scriptionof the decowolution procesleasereferto the tutorialsprovided with the Amira decorvolution
package.

The resultingdecowolved datasetwill be storedin the objectpool. If noinput PSFis specifiedor if the
blind decowolution algorithmhasbeenselectedalsothe estimated®SFwill be storedin the objectpool.
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Connections

Data
[ required]
Thedatasetto be decorwolved.

Kernel

[optional]

Thepointspreadunction(PSF)to usedfor decomolution. If no PSFis specifiedanestimated
PSFis calculatedautomaticallypbasedon the numericalapertureof the microscopethe wave-
lengthof theemittedlight, andtherefractveindex. If ablind decowolutionis to beperformed,
aninput PSK(if connectedyvill beusedasaninitial estimate.

Ports

Border width

8 Border width: = |2 ML z |B7

Definesthesizeof theborderregion. A borderregionis necessaryf theinputdatasetdoesnt

fadeout to black at the boundaries. For performancereasonst might advisableto choose
valuessuchthat the sum of the size of the input datasetand the borderwidth resultsin a

power of two. For example,if thedatasetconsistof 118slices,aborderwidth of 10 slicesin

z directionwould be a goodchoice.

In caseof widefield datait is sometimesadvisableto have the borderwidth in z direction
exactly aslarge asthe datasetitself. If thisis the casetheborderregionwill beinitialized by
mirroring the valuesfrom the actualdatavolume. Otherwisethevaluesof thefirst sliceandof
thelastslicewill beinterpolatedinearly.

Iterations

8 Iterations: ﬂl [ A ﬂl B0

Specifieghe numberof iterationsof thedecowolution procedure.

Initial estimate

8 Initial estimate: @ const € input data © previous result

Specifiesthe initial estimateof the decorvolution algorithm. If constis chosena constant
imageis usedinitially. Often,thisyieldssmootheresultsthanthe secondption,namelyinput
data Thethird option (previousresul) is only availableif theinput datasethasalreadybeen
decowolvedpreviously. Usethis optionif you wantto apply someadditionaldecorolution
iterations.

Overrelaxation

8 Ovenelaxation: © rone ™ fized © optimized

Overrelaxationis a technigueto speedup the corvergenceof the iterative decorvolution
process. In most casesfixed overrelaxtionis a good choice. For non-blind decomwolution
also an optimizedoverrelaxationtechniqueis available. This method further accelerates
cornvergencebut is morememoryandtime consuming.
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Method

8 Method: * standard © blind

This port specifiesvhetherstandardnon-blind)or blind decowolution shouldbe used.

PSF Parameters

8 PSF Parameters: Ma |1.35 B ID-52 n|1-515

Parameterdor calculatingthe point spreadiunction. This portwill only be shown if standard
(non-blind) decorvolution has been selectedand no input PSF was specified, or if blind
decorvolution hasbeenselectedin which casetheseparametersctasconstraints.

NA denoteghe numericalapertureof the microscope.lambdadenoteghe wavelengthof the
emittedlight in micrometersvith thevoxel sizesalsobeinginterpretedn micrometersFinally,
n denotegherefractive index of the specimen.

Micr oscopicMode

8 Microscopic Mode: * widsfisld ©  confocal

Selectswhetherthe input imagehasbeenrecordedusing a widefield microscopeor usinga
confocalmicroscope.This is importantfor the PSFgeneratioraswell asfor the selectionof
appropriateconstraintguringblind decomvolution.

Action

8 Action: N Dolt| BatchJaob

The Dolt button actually startsthe decorwvolution process. Since decorvolution is a time
consumingoperation,it optionally can be performedas a batchjob. A batchjob can be
submittedusing the Batc job button. If this button is pressedfirst a dialog is poppedup
allowing you to specifythefilenameof thefinal decorvolveddatasetaswell asthe numberof
optional checkpoint files (compareFigure 1.6). A checkpoint storesan intermediateresult
obtainedafter a certainnumberof iterationshave beenperformed. The actualdecomwolution
job is startedvia the Amira job dialog. The job dialogis poppedup automaticallyafter the
job hasbeenfinally submitted but this may take a few secondsf therearecurrentlyno jobs
running.

2.6 FourierTransform

This modulecomputea discreteforwardor backward Fouriertransforma scalarinput datasetwith uniform
coordinatesAlternatively, the power spectrumj.e., the squarednagnitudeof the Fouriertransformcanbe
computed.

The origin of theinput datasetwill beignoredby this module. Also, insteadof beingexpressedn wave
numbersthe boundingbox of a Fourier transfomeddatasetwill be the sameasthe boundingbox of the
input.
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Connections
Data

[ required]
Theinput datato be Fouriertransformed.

Ports

Mode

8 Mode: I power spechiim j

Optionmenuspecifyingthe actionto be performed.

If arealscalarfield is connectedo the module,threeoptionsare available,namelyforward,

forward comple, andpowerspectrum If forward is selectedthe outputis storedin a special
so-calledhalf-complex format. Suchan outputcanbe back-transformedput not mary other
operationsanbeperformedonit. If forward complexis selectedtheoutputwill beacomplex-

valuedscalarfield with the samenumberof voxels asthe input object. Finally, if power

spectrumis selectedthe outputis areal-valuedscalarfield with the samenumberof voxelsas
theinput objectcontainingthe squarednagnitudeof the Fouriertransform.

If a complex scalarfield in half-complex format is connectedthe only option is backward,
indicatinga backward Fouriertransform.

If an ordinary complex scalarfield is connectedo the module, the three options forward,

badkward, and power spectrumare available. The first two optionsspecifiy a forward and
backward Fourier transform,respectiely. The ouputis a complec scalarfield with the same
resolutionasthe input. If powerspectrumis selectedthe outputis a real-valuedscalarfield

with the samenumberof voxels asthe input objectcontainingthe squarednagnitudeof the
Fouriertransform.

Action

8 Action: I Du:ultl

Startsthe computation.

2.7 PSFGen

This modulecan be usedto computea point spreadfunction (PSF)for decorvolution of widefield and
confocalmicroscopidmagedata.PSFcomputatioris basecn electromagnetigectortheory Themodule
is partof the Amira decomwolution packagelt canbe createdby selectingit from the Edit Createmenuof
the Amira mainwindow.

Connections

Data
[optional]
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A uniformscalarfield (usuallytheimagedatato bedecowolved)canbeconnectedo this port.
Thevaluesof the ResolutiorandVoxelsizeportswill be setautomaticallyto the valuesof the
inputfield then.

Ports

Resolution

8 Rezolution: :-:|33 w33 z |BA

Thenumberof voxelsof the PSFimageto be generated.

Voxel size[um]

8 Voxel size [um]: = IEI.EI4 y |0.04 = |0.04

Thevoxel sizein micronsof the PSFimageto be generated.

PSF Parameters

8 PSF Parameters: Ma |1.35 ao|052 n|1-515

Parameterdor calculatingthe point spreadfunction. NA denoteshe numericalapertureof

the microscopelambdadenoteghe wavelength(asmeasuredn vacuum)of the emittedlight

in micrometers. For confocaldatathe excitation and emissionwavelengthare assumedo

be identical. In this caseit might prove usefulto compensatéy supplyinga value between
excitationandemissionwavelenghtasparameterFinally, n denotegherefractve index of the

specimen.

Micr oscopicMode

8 Microscopic Mode: * widsfisld ©  confocal

Selectswhetherthe PSF of a widefield microscopeor of a confocal microscopeshouldbe
computed.

Action

8 Action: I Du:ultl

Actually computegshe PSE

29
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Examples

Example 1. Confocal Data

The original datasetis provided underAmira-2.3/data/decowpdytrichum.am The imagesbelow were
createdusingthe Projection\lew module.

The propertiesof the datasetareasfollows:

e Numericalaperturel.4
¢ Wavelengthof the emittedlight 0.58 micrometers
¢ Refractveindex 1.516(oil)

Example 2: Widefield Data

The original datasetis provided underAmira-2.3/data/decowalphalobe.am. Theimagesbelow werecre-
atedusingthe Projection\iew module.

The propertiesof the datasetareasfollows:

e Numericalapertured.5
¢ Wavelengthof the emittedlight 0.58micrometers
e Refractiveindex 1.33(water)

30



Figure 3.1 polytrichum.ambeforedecowolution.
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Figure 3.2 polytrichum.amafterdecowolution.
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Figure 3.3 XY-maximumintensityprojectionof alphalobeambeforedecowolution.
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Figure 3.4: XY-maximumintensityprojectionof alphalobeam afterdecowolution.
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