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Chapter 1

Deconvolution introduction

ResolveRT’s deconvolution provides powerful algorithms for improgithe quality of microscopic
images recorded by 3D widefield and confocal microscope different methods are supported,
namely a so-called non-blind and a blind deconvolution metlboth based on iterative maximum-
likelihood image restoration. In the first case a measurambomputed point spread function (PSF) is
required. In the second case the PSF is estimated alongheitteta itself.

The deconvolution documentation is organized as follows:

General remarks about image deconvolution
Data aquisition and sampling rates

e Standard deconvolution tutorial

Blind deconvolution tutorial

Bead extraction tutorial

e Performance issues and multi-processing

The following modules are included:

e BeadExtract obtain a PSF from a bead measurement
e Convolution- convolve two 3D images

e CorrectZDrop corrects attenuation in z-direction

e DataPreprocesshackground and flatfield correction

e Deconvolution the actual deconvolution front-end

e FourierTransform computes FFT and power spectrum
e PSFGeneratecalculates a theorectical PSF



1.1 General remarks about image deconvolution

Deconvolution is a technique for removing out-of-focuétign a series of images recorded via optical
sectioning microscopy. Intended to investigate 3D biatafbbjects, optical sectioning microscopy
works by creating multiple images (optical sections) of aifascing object, each with a different
focus plane. However, besides the in-focus structuresinthges usually also contain out-of-focus
light from other parts of the object, causing haze and seaxiad blur. This is even the case for a
confocal laser scanning microscope, where most of the Bidens light is removed from the image

by a pinhole system. Mathematically, the image producedlgyngicroscopic system can be described
as the convolution of the ideal unblurred image of the speniand the microscope’s so-called point
spread function (PSF), i.e., the image of an ideal point lggturce. With the inverse of this process,
called deconvolution, a deblurred image of the specimerbeaobtained, provided the point spread
function is known, or at least can be estimated.

The amira deconvolution modules mainly provide two variants of a pduleiterative maximum-
likelihood image restoration algorithm, namely a non-Blone and a blind one. The difference be-
tween them is that in the first case a measured or computetgprgnad function is used, while in the
second case the PSF is estimated along with the data itsakinfhMim-likelihood image restoration can
be considered as the de-facto standard for deconvoluti@aiptical sections. Although computa-
tionally quite expensive, the method is able to significaatihance image quality. At the same time it
is very robust and insensitive with respect to noise aistadowever, it should be noted that, although
rejecting most of the out-of-focus light, by no means allta§irejected. Therefore, some noticeable
haze remains in the images. Also, the images retain a suiladtaxial smearing in z-direction, which
cannot be removed by any deconvolution algorithm.

At first sight, one may wonder why both a non-blind and a bliedahvolution algorithm are pro-
vided; blind deconvolution seems to be more general bedhageSF is calculated automatically. One
answer is that blind deconvolution is computationally ewasre expensive than non-blind iterative
maximume-likelihood image restoration. The other answéhad in a blind deconvolution algorithm a
meaningful estimate of the PSF can only be computed if se@rstraints are imposed. For example,
a trivial solution of the blind deconvolution problem woudd an image which is identical to the input
image and a PSF with the shape of an ideal delta peak. Obyjdh& solution isn’t useful at all.
Therefore, if for example confocal data is to be deconvgltteel algorithm fits the actual PSF in such
a way that it looks like a possible measured PSF of a confoaabstope. More precisely, the fit is
constrained to be in agreement with the experimental pasaméhe refractive index of the medium,
the numerical aperture of the objective, and the voxel siZsmetimes this can lead to wrong results,
for example when the confocal pinhole aperture of the mawpe wasn’t stopped down sufficiently
during confocal image acquisition, in which case the micope actually didn’'t behave like a true
confocal microscope. As a matter of fact you should try whaplproach provides the best results for
your own image data, blind deconvolution or non-blind demdution with either a measured or an
automatically computed PSF.
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1.2 Data acquisition and sampling rates

In order to obtain best quality when deconvolving microscamages some fundamental guidelines
should be obeyed during image aquisition. Good results reaybiained even if some of these guide-
lines are not followed exactly, but in general the chancegtesatisfactory results improve if they are.
Below we discuss the most important recommendations.

Adjusting the scanned image volume

The region of interest should be centered in the middle ofireege volume, as the optics of the
microscope has usually the least aberrations in this regiahit helps to avoid possible boundary
artifacts, which can arise during the deconvolution proced Especially for widefield data it is
important to record a sufficiently large (preferably empggion below and above the actual sample.
Ideally, this region should be as large as the sample itdadf. example, if the sample covers 100
micrometers in the z-direction, the scanned image voluroalghrange from 50 micrometers below
the sample to 50 micrometers above it.

Choosing the right sampling rate

The sampling rate is determined by the pixel sizes in the xyadulections as well as the distance
between two subsequent optical sections, both measuregtinmeters. Generally speaking, image
deconvolution works best if the data is apparently overdadip.e., if the pixel or optical section
spacing is smaller than required. The maximal required fampistance (Nyquist sampling) to
avoid ambiguities in the data can be obtained from consiidersin Fourier-space yielding

A

dz = T ataA?
Y 4ANA

where) denotes the wavelength ané! is the numerical aperture of the microscope. Similar consid
erations yield for the maximal distance between adjaceag@planes:

A

= S T = cos(@))’

wheren denotes the refractive index of the object medium ahda the aperture half angle as deter-
mined by NA = n sin(a).

For a confocal microscope, both the in-plane sampling distand the axial sampling distance need
to be in theory approximately 2 times smaller. However, teiguirement is far too strict for most
practical cases and even in the widefield case, approxiynhilfilling the above requirements is
often sufficient.

The total number of optical sections is obtained by dividimgheight of the image volume by the sam-
pling distancei, . It should be mentioned that deconvolution also works ifdampling distances are
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not matched rigorously, but matching them improves the cesito get good results. In general, over-
sampling the object is less harmful than undersamplingith ane exception: In the case of confocal
data, the sampling distandg, should not be much smaller than indicated, if the blind deotrtion
algorithm or the non-blind deconvolution algorithm togathvith a theoretically computed confocal
PSF are used. Otherwise the unconstrained Maximum Likeditabgorithm and the predominant noise
in the data might lead to unsatisfactory results.

Black level and saturation

Before grabbing images from the microscope’s camera, tie level should be adjusted in such a
way that saturated pixels, either black or white ones, aoidad. Saturated pixels are pixels which
are clamped to either black or white because their actuahsity values are outside the range of
representable intensities. In any case, saturation melass af information and thus prevents proper
post-processing or deconvolution. At the same time, a hagtkgpround level should be avoided be-
cause it decreases the dynamic range of the imaging systtheeconvolution works worse. This

means that empty regions not showing any fluorescence shppler almost black. A background

level close to zero is especially important when bead measents are performed in order to extract an
experimental point spread function. Details are discussadeparate tutorial abobead extraction

1.3 Standard Deconvolution Tutorial

This tutorial explains how 3D image data sets can be decweddh amira. It is asumed that the
reader is already familiar with the basic conceptsuoiira itself. If this is not the case, it is strongly
recommended to work through tls¢andarcamira tutorialsfirst. In this section the following topics
are covered:

Prerequisites for deconvolution
Resampling a measured PSF
Deconvolving an image data set
Calculating a theoretical PSF

pwbdPE

As an example we are going to use a confocal test datpsbttiichum.amprovided with theamira
deconvolution modules. The data file is located in the dingcAmira-4.0/data/deconv

e Load the data segtolytrichum.am
e Visualize it, for example, using RrojectionViewmodule.

The data set shows four chloroplasts in a spore of the mog&isbhum commune.
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Figure 1.1 Maximum intensity projection gbolytrichum-psf.am

Prerequisites for deconvolution

Besides the image data itself, for the standard non-blircmelution algorithm a so-calleploint
spread functio{PSF) is also required. The PSF is the image of a single pointe, or as a close
approximation, the image of a single fluorescing sub-rdégwitsphere. PSF images can either be
computed from theory (see below) or they can be obtained fre@surements. In the latter case tiny
so-callecbeadsare recorded under the same conditions as the actual obfgstmeans that the same
objective lens, the same dye and wavelength, and the samergion medium are used. Typically, the
images of multiple beads are averaged to obtain an estiratsingle PSFamira provides a module
called BeadExtractacilitating this process. The use of this module is disedsa aseparate tutorial
about bead extraction. At this point let us simply load a meass$ PSF from a file.

e Load the data seiolytrichum-psf.am
e Use theProjectionViewmodule to visualize it.

The PSF appears as a bright spot located in the middle of thagawolume (Figuré.1). Itis important
that the PSF is exactly centered. Otherwise, the decondalaéa set will be shifted with respect to
the original image. Also, it is important that the PSF fadetto black at the boundaries. If this is not
the case, the black level of the PSF image needs to be adjusitagitheArithmeticmodule. Finally,
neither the PSF nor the image to be deconvolved should éxhtbinsity attenuation artifactd.e.,
image slices with decreased average intensity due to &rdggit absoprtion in other slices. If such
artifacts are present, they can be removed usin@treectZDropmodule.

Standard Deconvolution Tutorial 7
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Figure 1.2 Resampling a PSF using tiResamplenodule.

Resampling a measured PSF

Next, select both, the PSF and the image data. You'll notiee¢ the voxel sizes of both objects
are not the same. It is recommended to adjust different veixeks of PSF and image data prior to
deconvolution using thResamplenodule. The deconvolution module itself also accountsifitent
voxel sizes, but is does so by using point sampling withne#ir interpolation. This is OK as long as
the voxel size of the PSF is larger than that of the image ddeever, in our case the voxel size of the
PSF is smaller than that of the image data, i.e., the resolati the PSF higher. Using thfeesample
module provides slightly more accurate results here, sificeamples will be filtered correctly using
a Lanczos kernel.

Connect eResamplenodule topolytrichum-psf.am

e Connect th&keferencgort of theResamplenodule to the image data geblytrichum.am
In the Modeport of theResamplenodule, choosgoxel sizgsee Figurd..2).

Resample the PSF by pressing fgplybutton.

The voxel sizeoption means that the PSF will be resampled on a grid withtBx#te same voxel
size as the image data set, which is connected tdRéferenceport. While the original PSF had a
resolution of 12 x 12 x 30 voxels, the resampled one only has1i2x 16 voxels. However, the extent
of a single voxel in z-direction is bigger now.
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Deconvolving an image data set

After a suitable PSF has been obtained we are ready for delvimy the image data set. This can be
done by attaching &econvolutiormodule to the image data.

e Connect @&econvolutiormodule topolytrichum.am

e Connect theKernel port of the Deconvolutionmodule to the resampled PS#olytrichum-
psf.Resampled

Once the deconvolution module is connected to its two inpjgais, some additional parameters need
to be adjusted (for a detailed discussion of these params¢eralso theeference documentatiar
the Deconvolutiormodule itself). Figure.3shows these settings:

Border width: For deconvolution the image data has to be enlarged by a lgaaddegion. Otherwise
boundary artifacts can occur, i.e., information from ordesdf the data can be passed to the other.
There is no need to make the border bigger than the size ofSkeHwever, if the data set is dark at
the boundaries, a smaller border width is sufficient. In @aseg let us choose the border values 0, 0,
and 8 in the x, y, and z direction.

Iterations: The number of iterations of the deconvolution algorithmt e choose a value of 20 here.

Initial estimate: Specifies the initial estimate of the deconvolution aldont If constis chosen a
constant image is used initially. This is the most robusiaioyielding good results even if the input
data is very noisy. We keep this option here.

Overrelaxation:Overrelaxation is a technique to speed up the convergenitedferative deconvo-
lution process. In most cases the best compromise betweed smd quality ifixedoverrelaxation.
Therefore we keep this choice also.

Method: Selects between standard (non-blind) and blind decorieolutet us specify thstandard
option here.

The actual deconvolution process is started by pressingppé/button. Please press this button now.
The deconvolution should take about 1-2 minutes on a modaempater. During the deconvolution
the progress bar informs you about the status of the oparafitso, after every iteration a message
is printed in theamira console window indicating the amount of change of the datahe change
seems to be small enough, you can terminate the deconwoprid@edure by pressing tisopbutton.
However, note that the stop button is evaluated only onogd®at two consecutive iterations.

When deconvolution is finished, a new data set caflelytrichum.deconappears in the Pool. You
might take a look at the deconvolved data by movingRhgjectionViewconnection line fronpoly-
trichum.amto polytrichum.deconv

Calculating a theoretical PSF

Sometimes bead measurements are difficult to perform, s@thexperimental PSF cannot easily be
obtained. In such cases a theoretical PSF can be used inste#&d provides the modul®SFGen

Standard Deconvolution Tutorial 9
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Figure 1.3 Deconvolution module attached polytrichum.am

allowing you to calculate theoretical PSFs. The module eaorbated by selectirgSFGerfrom the
Create Othersnenu of theamira main window.

Once the module is created again some parameters have tadbedenTheresolutionand thevoxel
sizecan be most easily specified by connectingifaga port of thePSGGemmodule to the image data
set to be convolved. In our case, please connect this ppdliydrichum.am

In order to generate a PSF, you also need to know the numapeaiure of the microscope objective,
the wavelength of the emitted light (to be entered in micrmrs?), and the refractive index of the
immersion medium. In our test example these values are NA+dmbda=0.58, and n=1.516 (oil
medium). Also, change the microscopic mode from widefieldawfocal.

After you press thé\pplybutton, the computed PSF appears as an icon labe#dn the Pool. You
can compare the theoretical PSF with the measured one hgifgthoSlicemodule. You'll notice that
the measured PSF appears to be slightly wider. This is a conofmgervation in many experiments.

Once you have computed a theoretical PSF, you can perforablivacth deconvolution as described
above. However, for convenience tieconvolutionmodule is also able to compute a theoretical
PSF by itself. You can check this by disconnecting Kegnel port of the Deconvolutionmodule.

If no input is present at this port, additional input fielde ahown, allowing you to enter the same
parameters (numerical aperture, wavelength, refraatidex, and microscopic mode) asR$FGen
After these parameters have been entered, the deconvoprticess again can be started by pressing
the Applybutton.

Note that any previous result connected toEleeonvolutiormodule will be overwritten when starting
the deconvolution process again. Therefore, be sure tomisct a previous result if you want to
compare deconvolution with different input PSFs.

10 Chapter 1: Deconvolution introduction
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Figure 1.4 The PSFGen module calculates theoretical PSFs.

1.4 Blind Deconvolution Tutorial

This tutorial explains how blind deconvolution can be peréal inamira. At the same time it describes
how deconvolution jobs can be processed usingath@a job queue. Like in the previous tutorial, it
is assumed that the reader is already familiar with the basicepts ofamira itself. If not, we
recommend to work through tregandaréamira tutorialsfirst.

A blind deconvolution example

Let us start by loading a raw image data set first.

e Load the filealphalobe.anfrom the directoryAmira-4.0/data/deconv
e Visualize the data set by attachindgPejectionViewmodule to it.

The data set has been recorded using a standard fluorescamosampe under so-callegidefield
conditions. It shows a neuron from the alpha-lobe of the fibee brain. Compared to the confocal
data set used in the standard deconvolution tutcalphalobe.anis much bigger. It has a resolution
of 248 x 248 x 256 voxels with a uniform voxel size of 1 microeretn the xy-plane of the projection
view the structure of the neuron can be clearly identifiedweleer, the contrast of the image is quite
poor because there is a significant amount of out-of-foglg lbor haze present. Withmira’s blind
deconvolution algorithm we can enhance the image data witheeding to know an explicit PSF in

advance.

e Attach a deconvolution module tdphalobe.am
e Adjust the parameters like shown in Figuré.

Blind Deconvolution Tutorial 11



1
Animate

3 Border width: x[3 | |8 | z[o |
& lterations: @\'ﬁ [][28
8 Initial estimate: () const (3) input data previgus result
& Overrelaxation: ) none () fised optimized
8 Regularization: (& none () intensity based
& Method: () standard (&) blind
& PSF Parameters:  N& |05 R ]
& Microscopic mode:  (5) widefield (O confocal
& Action:
[] auto-refresh E

Figure 1.5. Parameters for blind deconvolution.

The individual parameters have the following meaning:

Border width: Like for standard non-blind deconvolution, the image dada to be enlarged by a
guardband region. Otherwise boundary artifacts can oceurjnformation from one side of the data
can be passed to the other. In our case we only provide a somaltigand region of 8 voxels in
x- and y-direction. In z-direction we do not provide any berthecause there are sufficiently many
empty slices below and above the actual neuron. The regudize of the data arrays on which the
computations are performed then is 256 x 256 x 256. Becausés2bpower of two (8), the Fast
Fourier Transforms, the computationally most expensivé giathe deconvolution algorithm, can be
executed somewhat faster.

Iterations: We choose a value of 25 here. Depending on the data, usudépastt10 iterations are
required. With overrelaxation being enabled (see beloggults usally don’t improve much after 40
iterations.

Initial estimate: Specifies the initial estimate of the deconvolution aldont Since there is not much
noise present in the original alphalobe images it is safehtiseinput datahere. This causes the
algorithm to converge even faster.

Overrelaxation:Overrelaxation is a technique to speed up the convergenitedferative deconvo-
lution process. We enable overrelaxation by chosindittezltoggle. Regularization:We chosenone
here in order to do no regularization.
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& Deconvolution Batch Job
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After every iterations [] na check points
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Figure 1.6: Dialog for submitting a deconvolution job.

Method:We choseblind here in order to select the blind deconvolution algorithm.

PSF ParametersForalphalobe.anthe numerical aperture is 0.5, the wavelength is 0.58 mieters,
and the refractive index is 1.33 (water). These parameterseguired in order to apply certain con-
straints to the estimated point spread function. They @® @$ed in order to compute an initial PSF.
If a data set would be connected to tkernel port of the deconvolution module, this data set would
be used as the inital PSF with the given PSF parametersdtiigaas constraints. For example, you
could provide a measured PSF and let it be fitted to the acatalld the deconvolution algorithm.

Microscopic mode: alphalobe.aima widefield data set, so select this option here.

Submitting a deconvolution job

After all parameters have been entered, the deconvolutimregs can be started. On a modern com-
puter, blind deconvolution of our test data set roughly saddeout 20 minutes. Especially, if you want
to deconvolve multiple data sets at once it is inconven@dbtthis in an interactive session. Therefore
multiple deconvolution jobs can be submitted to #imgira job queue and then, for example, processed
overnight. This works as follows:

e Press théatch Jobbutton of theActionport. A dialog as shown in Figure6 pops up.

e In the dialog choose a file name under which you want to savelékenvolved data set, e.g.
C:. / Tenp/ al phal obe- deconv. am

o Modify the text field, so that check point files are writtereafévery 5 iterations.

Check point files are used to store intermediate results.h Wki¢ above settings the deconvolved
data is written into a file after every 5 iterations. Checknpdiles are named like the final
result, but a consecutive number is inserted just beforefithename suffix. For example, if
the result file name i< / Tenp/ al phal obe- deconv. am the check point files are named
C:. / Tenmp/ al phal obe- deconv-0005. am C: / Tenp/ al phal obe- deconv-0010. amand
so on. Now we are ready to actually submit the batch job.

e Press thesubmitbutton of the deconvolution dialog. After a few secondsdh@ra batch job

Blind Deconvolution Tutorial 13
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Figure 1.7: Theamira job dialog showing a pending deconvolution job.

dialog appears, compare Figurg.
e Select the deconvolution job and press $tartbutton.

You now have to wait about 20 minutes until the deconvolujanis finished. Once the job queue
has been started, you can qarira. The batch jobs will be continued automatically. atira is
still running when the deconvolution job exits then the tewiil be loaded automatically immira.
Otherwise you have to restanira and load the deconvolved data set manually.

1.5 Bead Extraction Tutorial

Non-blind deconvolution is a powerful and robust methodsiohancing the quality of 3D microscopic
images. However, the method requires that the image of thre goread function (PSF) responsible
for image blurring is provided. As stated in tlstandard deconvolution tutorjgdhe PSF can either
be calculated theoretically or it can be obtained from a beedsurementamira provides a special-
purpose module calleBeadExtracivhich facilitates the extraction of PSF images from one oltiple

bead mesurements. In this tutorial the use of the moduléisda@xplained. The following topics are
covered:

1. Bead measurements
2. Projection View and Projection View Cursor
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3. Resampling and averaging the beads

Bead measurements

The PSF is the image of a single point source recorded undesatime conditions as the actual spec-
imen. It can be approximated by the image of a fluorescingreablution microsphere, a so-called
bead. Performing good bead measurements requires sonte@atd expertise. In order to obtain
good results the following hints should be obeyed:

1. Use appropriate beads. It is important that the bead szentaller than approximately/2
full width at half maximum (FWHM) of the PSF. Good sources @ditaining beads suitable
for PSF measurements are Molecular Probes @: / / www. pr obes. cont ) or Polysciences
(htt p: // ww. pol ysci ences. cont).

2. The beads must be solid. Besides solid beads, there arbessls with the shape of a spherical
shell, allowing to check the focus plane of a mircoscopehSgads cannot be used as a source
for PSF generation in the current versioraoiira.

3. Don’trecord clusters of multiple beads. Sometimes migtbeads may glue together, appearing
as a single big bright spot. Computing a PSF from such a spabosly leads to wrong results.

4. Note that beads are not resistant to a variety of embeddedja. In particular beads will be
destroyed in xylene-based embedding media such as Periftosinér Scientific) and methyl
salicylate (frequently used to clear up the tissue). As atiuibe you might use immersion oil
instead, which has a refractive index similar to methylcsddite, for example.

5. Sample and beads should always be imaged as close to theslgoas possible. When it is not
possible to attach the sample to the coverslip, the beadddhlso be imaged in a comparable
depth, embedded in the same mounting medium. Imaging thdshbeigh better quality than
the sample will yield a slightly blurred deconvolution résiHowever, when the PSF used for
deconvolution is too wide, artifacts can arise during deotition.

The objective lense should always be selected accordingetonbunting medium, i.e. if the
sample is attached to the slide and embedded in a buffer iEctefe index close to water, a
severe loss of image quality can be expected when using ammiersion objective without a
correction collar. Deconvolution of properly imaged dai# allways be supperior to deconvo-
lution of data suffering from aberrations.

6. Problems occur if the mounting medium remains liquid. Hattcase the sample distribution
may not be permanent. If your specimen is to be embedded ierwaiu can try to immerse
the beads in an agarose gel of moderate concentrationdng&aching the small beads to the
coverslip (for example by letting them dry) is often alsofigignt for immobilization.

An example of an image data set containing multiple beadsasigied in the filebeads.anin the
directoryAmira-4.0/data/deconv

e Load the data sdieads.am
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Figure 1.8 Individual beads can be interactively identified usin@uasormodule.

e Visualize the data usingRrojectionViewmodule.

Projection View and Projection View Cursor

The bead data set contains five different beads which careadygkeen in the three orthogonal planes
of the ProjectionViewmodule. In order to obtain a single PSF we first want to seleati®l “good”
beads. These beads are then resampled and averaged, tdirsyyilee final PSF. A bead can be
considered as “good” if it is clearly visible and if it is naigerimposed by other beads (even when
defocused),

Selecting “good” beads is an interactive process. It is raastly accomplished using tifReojection-
View’s Cursormodule. This module allows you to select a point in 3D spacelizking on one of
the three planes of thierojectionViewmodule. The third coordinate is automatically set by logkin
for the voxel with the highest intensity. Points selectethvihe Cursor module can be stored in a
LandmarkSedata object.

Attach aCursormodule to theéProjectionViewmodule.

Click on any bead on one of the three planes.

Store the current cursor position inandmarkSebbject by pressing thaddbutton.
e Select and add some other beads too.

The landmarks need not to be located exactly at the centebeéd. The exact center positions can
be fitted automatically later on.

You can remove incorrect bead positions from the landmarkgénvoking the landmark set editor.
In order to activate the editor, select the landmark setablajed press Landmark Editor button. If you
want to add additional bead positions to an existing lan#reerr object, make sure that tiraster port

16 Chapter 1: Deconvolution introduction



of the landmark set object is connected to @wesor module. Otherwise, a new landmark set object
will be created.

Resampling and averaging the beads

Now we are ready to extract and average the individual beHus.is done by means of ti@eadEx-
tractmodule.

e Connect 8eadExtractmodule to thd.andmarksbject.

e Make sure that th®ata port of BeadExtractis connected to the bead data betads.am If
the landmarks are still connected to the beads viadimesor andProjectionViewmodules, the
connection is established automatically.

The BeadExtracimodule provides two buttons callédljust centerandEstimate sizewhich should
be invoked in a preprocessing step before the beads ardlpeixisacted.

The first button Adjust centersmodifies the landmark positions so that they are precisagted in
the center of gravity of the individual beads.

The second buttorEstimate sizecomputes an estimate for the number of voxels of the PSFemag
to be generated. This button is only active if no PSF image®isected as a result ®eadExtract

If there is a result object, the resolution and voxel sizethefresult are used and the port becomes
insensitive.

Any of the actions of the two preprocessing buttons can benadsing thé&Jndobutton. This can be
necessary for example if two beads are too close so that neat@enter position could be computed.
In general, overlaps between neighboring beads shoulddidealz Small overlaps might be tolerated
because during resampling intensities are weighted aitwpra the influence of surrounding beads.

e Perform the preprocessing stepdjust centerandEstimate size
e Compute a resampled and averaged PSF by pressidgpibigbutton.

The data type of the resulting PSF will Beat, irrespective of the data type of the input image. The
individual beads will be weighted on a per-voxel basis andeadto the result. No normalization
will be performed afterwards. You may investigate the résglPSF image using any of the standard
visualization modules. In Figurk10a volume rendering of the resulting PSF is shown.

In some cases you may want to average multiple beads recordéterent input data sets. This can
be easily achieved by creating.andmarksbject for each input data set. For the first input data set
extract the beads as described above. For the other inpusdatlso use thBeadExtractmodule.
However, make sure that the PSF obtained from the first inptat sket is connected as a result object
to BeadExtractefore pressing thApply button. In order to use an existing PSF as a result object
connect theMasterport of the PSF t@BeadExtract{once this is done thResolutionand Voxel size
ports ofBeadExtracbecome insensitive, see above). If an existing result id nesv beads simply
will be added into the existing data set. Therefore datageisld be scaled in intensity according to
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Figure 1.9 The BeadExtracimodule resamples and averages multiple beads.

their quality prior to bead extraction and summation to mbgasuitable weighting of the individual
extracted beads in the final result.

1.6 Performance issues and multi-processing

Iterative maximum-likelihood deconvolution essentialythe most powerful and most robust tech-
nigue for the restoration of 3D optical sections. Howewss also computationally very demanding.
It can take several minutes (sometime even hours) to préasgs 3D data sets. This is not due an
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Figure 1.1Q The final PSF visualized using\ltexmodule.
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improper implementation but due to the algorithm itselftfBdhe blind and the non-blind variant of
the method, rely heavily on fast Fourier-transforms in otdefficiently compute convolutions. If you
want to improve performance, try to adjust the size of yotadalumes so that the number of voxels
plus the border width is a power of two. Sometimes, it is weotknlarge the border width a little bit
in order to get a power of two. Although the algorithm workshndata of any size, powers of two can
be transformed somewhat faster.

Another issue is memory consumption. Internally, sevevaies of the data set need to be allocated
by the deconvolution algorithm. These copies should alhfid imemory at the same time (a specific
variant of the algorithm suitable for working under low mamoonditions will be provided in a later
version). Besides the input data itself the following humbeworking arrays are required by the
different methods:

e 3 working arrays for the non-blind algorithm with no or witlkédd overrelaxation
e 5 working arrays for the non-blind algorithm with optimizederrelaxation
e 5 working arrays for the blind algorithm

The number of voxels of a working array is the product of thenhar of voxels of the input data
set plus the border with along each spatial dimension. Theitpre data type of a working array is

a 4-byte floating point number. For example, if the numberm{els of the input data set plus the
border width is 256 x 256 x 256 (as for thgphalobe.andata set in the blind deconvolution tutorial),
each working array will be about 64 MB, irrespective of therptive data type of the input data set.
Therefore at least 192 MB (3x4x256x256x256 bytes) are reduior non-blind deconvolution with

fixed overrelaxation, and 320 MB (5x4x256x256x256 bytes)Hiind deconvolution. Keep this in

mind when configuring the computer on which to perform deotution! However, also note that for
most platforms it usually doesn’t make sense to have more & GB of main memory. For more
memory a 64-bit operating system is required.

Finally, it should be mentioned that the deconvolution atho can make use of a multi-processor
CPU board. Although you do not get twice the performance ona-grocessor PC, a speed-up of
almost 1.5 can be achieved. By defawdinira uses as many processors as there are on the com-
puter. If for some reason you want to use less processors gowset the environment variable
AM RA_DECONV_NUM THREADS to the number of processors you actually want to use simedtan
ously.

Performance issues and multi-processing 19
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Chapter 2

Working with Multi-Channel Images

This is a step-by-step tutorial on how to visualize multanhel image data. To follow this tutorial
you should be familiar with the basic conceptsafira. In particular you should be able to load files,
to interact with the 3D viewer, and to connect display modutedata modules. All these issues are
discussed in thgetting starte@ection.

We are going to load a set of multi-channel images into theksmace, attach BMultiChannelField
group object to the data, and visualize it with several digphodules. The steps are:

Load data int@mira.

Create aMultiChannelFieldand attach channels to it.
UsingOrthoSlicewith a MultiChannelField
UsingProjectionViewwith a MultiChannelField

Using Woltex with a MultiChannelField

Saving multi-channel images in a single AmiraMesh file.

o garwnRE

2.1 Loading Multi-Channel Images intoamira

The data we will be working with in this tutorial are confosthcks of the prothoracic ganglion of the
locustLocusta migratoria They were kindly provided by Dr. Paul Stevenson, UnivgrsitLeipzig,
Germany. Two different channels were recorded and storedperate files.

amira supports a number of proprietary multi-channel formatsevisal microscope manufacturers
(e.g., Leica and Zeiss). In such formats all channels aredto a single file. Therefore the first steps
described in this tutorial, namely grouping the channelaumadly, can often be omitted.

e Load channel 1 data by selecting the fil@at a/ nul t i channel / channel 1. i nf o
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Figure 2.1 Data objects are connected to teltiChannelFieldobject with a right mouse click on the white square indicated
by the arrow.

e Load channel 2 data by selecting the filéat a/ nul t i channel / channel 2. i nf o

e Create aMultiChannelFieldobject by selecting/lultiChannelFieldfrom theCreatemenu of the
amira main window.

A dark greenicon is displayed in the Pool. After you seleetdbject, an info port is displayed saying
"no channels connected”.

e Connect channell.info to thdultiChannelFieldby selecting 'Channel 1’ from thilultiChan-
nelField’sconnection menu (right mouse click in the small field on tHediele of the icon) and
releasing it on the channell.infoicon.

e Repeat the above procedure with channel2.info

When theMultiChannelFieldis selected you will note that two entrieshannel 1and channel 2
appeared in the module’s control panel. Each entry has tngeréext fields and a color button. The
range text fields work very much like those @rthoSlice Pressing the color button pops up a color
dialog that lets you freely define the color of each channewIgerhaps it is a good idea to activate
the pins corresponding to Channel 1 and Channel 2 in the Riepérea. This will keep the control
elements of théMultiChannelFieldmodule permanent in the Properties Area.

2.2 Using OrthoSlice with a MultiChannelField

e Connect arOrthoSlicemodule to the MultiChannelField by right clicking on the icand se-
lecting OrthoSlice from the context menu.

When selecting th©rthoSlicemodule, you will see that there are two additional check barets
control panel corresponding to the two channels. Clickirege check boxes lets you selectively switch
on/off each channel. First, we adjust the intensity mappireach channel separately.

e Switch off channel 2 by deselecting its check box.

22 Chapter 2: Working with Multi-Channel Images



| Properties

e R | CIES
& Channel 1:  min [0 | maw 255 | eclor

3, Channel 2:  min |D | mas |255 | color

@ehostee ) [ @] 7]
8 Orientation: @ xy O owz O y=

8 Options: adjust wiews [ bilinear view [] lighting

8 Slice Humber: | — ] )
8 Transparency: (%) None () Binarw () Alpha

8 Channels: 1 2

Figure 2.2 When connected to ElultiChannelFieldobject theOrthoSlicemodule has additional check boxes corresponding
to the number of connected channels.

e Enter 23 and 200 in the min and max range fields of channel 1.

As a result, weak stainings — potentially unspecific sta@jridisappear and those structures that exhibit
good staining become even more intense.

e Click off channel 1 and click on channel two.

e Enter the values 8 and 200 in the min and max text fields of abghrMove through the slices
to see the results.

2.3 Using ProjectionView with a MultiChannelField

o Switch off theOrthoSliceby clicking on the viewer toggle of its icon (orange rectam)g|

e Connect aProjectionViewmodule to the MultiChannelField by right clicking on the icand
selecting ProjectionView from the Display submenu.

As with theOrthoSlice two new check boxes are shown in the module’s control pahéwcan be
used to display channels separately or simultaneousliismiay you may efficiently adjust the color
and intensity of each channel before displaying them sianelously.

2.4 Using Voltex with a MultiChannelField

e Switch off the ProjectionView by clicking on the viewer tdg@f its icon (orange rectangle).
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Figure 2.4: Multi channel data visualized using tReojectionViewmodule.
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Figure 2.5 Multi channel data visualized using tMeltexmodule.

e Connect avoltex module to the MultiChannelField by right clicking on the icand selecting
\oltex from the Display submenu.

Here also, two channel check boxes are available. Furtherrtiee familiar colormap field is missing.
Instead there is a slider labell&hmma Now the color of each channelis determined by that defined in
the MultiChannelFieldand theGammaslider controls the steepness of the alpha value (opacip-m
ping used for volume rendering. Because volume renderingmimtensive use of hardware texture
mapping and most consumer graphics adapters are limiteafare memory size, it is recommended
to enter at least factors of 2 2 1 in tBewnsampldext fields of the Voltex module.

e Press thé\pplybutton.

Each time you want to display another channel, you must phesspplybutton again.

2.5 Saving a MultiChannelField in a Single AmiraMesh File

When theMultiChannelFieldicon is selected in the Pool, chooSave Data A$rom the File menu,
enter a filename, and click OK. The data will be stored in AiMieah format so that each time you
load the data the two channel stacks and\thitiChannelFieldgroup object will be restored.

Saving a MultiChannelField in a Single AmiraMesh File 25
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Chapter 3

Skeleton Tutorial

This is a step-by-step tutorial on how to usarge Disk Datdo analyze micro-vascular networks in
human brain tissue. To follow this tutorial you should be ileanwith the basic concepts amira.

In particular you should be able to load files, to interachwiite 3D viewer, and to connect display
modules to data modules. All these issues are discussed getting startedection.

We are going to load 4 overlapping bricks of a large datadmt.goal is to merge these bricks into one
large volume (Large Disk Data). The volume will be stored @k @nly — subvolumes can be loaded
into memory. Some basic operations can directly be appi¢iae large volume.

For the tutorial you should have access to a directory to wiaz're allowed to write files.

We don't provide anylIFF data with this tutorial. Hopefully you have a couple of ble¢@miraMesh
format) to test the algorithm on. Generally it is a good ideartport them intcamira and specify an
approximate bounding box near the correct position.

3.1 Importing your Image Data

You should have your image data as stacks of numbered 2D snddee topmost slice should have
the lowest number. File formats recognizedawira can be found in thé&ile Formats sectioof the
user’s guide. A good choice iEFF because it provides lossless compression and is readabiammyn
different systems.

You should also know the position in 3D of the lower left fratrner of the brick you're going to
import and the voxel size.

Chooserile/Open Data... A File Dialogpops up. You can now select all of the 2D images comprising
the brick. After you preskoad another dialog pops up:



& Image Read Parameters |E|rgl

Infio
Files: 10
Image Size: 10 slices, 5124512, 1 channel

Import

Channel corversion: | Chaninel 1 w |

Object name: |1ta000.tf |

Resalution

Define: () bounding box (%) vaxel size
Mimcoord: 1100 | [520 |0 |
Vorelsize: 122 |22 |3 |

I oK ] [ Cancel l

Enter the position and the voxel size of your block. After yaassOK, the files are loaded into one
block. A new green icon will appear in the Pool. Select it agléctFile/Save Data As.1o store it on
disk. Name itLta.am In this way you should proceed with all of your data.

3.2 Arranging the Bricks

After importing your data, you should copy the files to anotlieectory where all the processing will
be done. In this way the original data is not touched and youregert back to it if something goes
wrong.

amira has a special data object to store links to files on disk arehge them in 3D. It is called
Mosaic

e Create a Mosaic by selectiddosaicfrom theCreate/Skeletomenu of theamira main window.

A green icon appears. When you select it you see that it amte bricks. The buttons below the
info line are used to add data objects.

e Press thexdd filesbutton.

e Select the files, e.glta.am 1tb.am 2ta.am 2tb.am in the directory
$AM RA_LROOT/ dat a/t ut ori al s/ skel eton. You can select multiple files at once
by clicking on the first one and shift clicking on the last one.

e Presd oad

The selected files are added to the Mosaic. The Info port stieewsverall number of the bricks added
up to now. You can visualize the bricks with thésplayMosaianodule.
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e Create aDisplayMosaic module by right clicking on the Mosaic and selectiiBkele-
ton/DisplayMosaidrom the context menu.

e Select the yellow DisplayMosaic icon and switch the highiegl brick by dragging the slider in
the interation area.

e Save the Mosaic.

3.3 Aligning Bricks

A special module allows to exactly align the bricks basednairtgray values.

e Attach anAlignBlocksmodule to the Mosaic by selectif@keleton/AlignBlockis the data con-
text menu.

e If you saved the mosaic already, its filename appeakédsaic name
e Press thé\pplybutton to start the processing.

A maximum intensity projection (mip) of each block is comguait These mips are aligned and the
resulting transformations are applied to the bricks on.disk

3.4 Filtering, Correcting Z-Drop, Resampling

Itis possible to apply the same operation to all the bricksae. To do this you must create a template
for this operation. This could either be one brick with ant@d(e.g. Digital Image Filteryattached or

a compute module (e.@Resample We're going to demonstrate these two examples now. Buities
should correct for the Z-Drop:

e Load one brick of the mosaic by using thige/Open Data..menu.
e Attach aDeconv/CorrectZDromodule to the brick.
e PressApplyto start the correction procedure and check the result.

e Attach anApplyTemplate ToMosaiscript object by right clicking on the Mosaic and selecting
ApplyTemplatérom the Skeletorsubmenu in the context menu.

e Attach theTemplateconnection of the ApplyTemplateToMosaic module to the E€ctiZDrop
module.

e SelectApplyTemplateToMosaand presg\pply.
Next we're going to apply a digital filter to all blocks:

e Load one brick of the mosaic by using thige/Open Data..menu.
e Select the data icon of the brick.
e Attach aDigital Image Filtetby pressing th®igital Filters button in the Properties Area.
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e SelectGaussrom theFilter port, and apply it. To check the results you can attac®ahoSlice

o Attach theTemplateconnection of the ApplyTemplateToMosaic module to therfittigject (with
the data attached).

e SelectApplyTemplateToMosaand presgpply.

Another useful filter might béMedian2Dor the Median3D For Median30 selectMedianfrom the
first pulldown menu of thé&ilter port, and3D from the second pulldown menu. The application of the
latter filter takes some time but leads to good results.

The script object starts to load each brick of the mosaicliepthe filter to it, and writes it back to the
same location on diskl here are no warnings about this overwrite.

In the next step we're going to resample every brick to armrdgit voxel size. This is only an optional
step and might lead to smoother central lines in the follgwgnocessing. But it increases size of the
data on disk by a factor of about three. You should carefudlysider whether you want to perform
this step or not.

e Attach aResampleanodule to the brick loaded before and seleldde: voxel sizend adjust
Voxel size: 20 get an isotropic result.

e PressApplyto start the resampling procedure and check the result.

e Attach the Resample module to tliemplateconnection of the ApplyTemplateToMosaic mod-
ule.

e PressApplyof the ApplyTemplateToMosaic module.

All bricks are resampled and saved to the same position.dtgeod idea to sample all bricks to an
isotropic voxel size. It improves the result of the distanp and the skeletonization we’re going to

apply.
As a standard prefiltering procedure you should:

e Apply the ZDropCorrection.
e Apply a 2D median filter.
e Apply a 3D Gaussian filter with a small sigma (1 or smaller).

If the results are not satisfactory, you should try to extémedprefiltering step.

3.5 Creating the Large Disk Data

The next step is to create a new Large Disk Data object andlsah®pbricks onto it. The overlapping
regions can be blended with each other and a border can bd.adde

Note: The thinning algorithm expects a black border around tha.d@he border should be at least
of sizelenOfEndaused during thinning (see below). By default a border of I¥el®on each side in
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each dimension. Be sure to check this if you manuallyesedfEnds

e Attach aMosaicTolLargeDiskDatt the Mosaic by right clicking on the Mosaic and selecting
Skeleton/MosaicToLargeDiskDdt@m the submenu in the context menu.

e Select the red MosaicToLargeDiskData icon.
You can see some options in the Properties Area. The defatitts are fine for the tutorial.

e A default filename derived from the mosaic is displayed inkhenameport. You might want
to override it.

e Press thé\pplybutton.

A new green icon which represents the new data object wiltapm the Pool. After this the bricks
will be loaded one after the other and will be sampled. Thig ra&e some time.

e Select the new green icon (titled Image).
In the Properties Area some information about the datadtonedisk is displayed. Next,

e Delete or switch off the DisplayMosaic module.
e Connect a BoundingBox to the Mosaic icon.
e Connect a BoundingBox to the Image icon.

The second box is slightly bigger than the bounding box oMlesaic. This is due to the border added
by the MosaicToLargeDiskData module.

3.6 Accessing the Large Disk Data

You can't directly visualize the Large Disk Data by e.g. elimg an OrthoSlice. Before you can do
this, you must select a subvolume and load this subvolunoetive Pool. The Subvolume will be an
ordinaryamira field and you can use all the modules that you normally useait be a good idea to

clean up the Pool now, but it's not required. The Mosaic isammgkr needed.

e Connect anAccessto the Image object by right clicking on it and selectiAgcessfrom the
popup menu.
e Select the red Access icon.

In the viewer you can see a dragger box in one corner of thedingrox of the Large Disk Data.

You can click and drag the corners or the faces of the box toifypthe subvolume you want to load.
In the Properties Area the corresponding dimensions aptegisd.
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Drag the box somewhere inside the volume (For this you nesditch the viewer into interac-
tion mode).

Press thé\pplybutton.

e Attach an OrthoSlice to the new green icon (Image.view).
Select the Access object, then toggle ondh#o-refrestcheck box.
Drag the box in the viewer.

By settingauto-refreston, every time you drag the box an automatic reload is stamedall modules
downstream of the view are recomputed. This is an easy wagaio through the large volume. Try
different display modules on the Image.view, e.g., an igase.

3.7 Computing directly on the Large Disk Data

Some computation modules are able to handle the Large Ditkddactly. These include threshold-
ing, computation of a distance map, thinning, extractinipa et from a voxel skeleton, and compu-
tation of the thickness of the lines (evaluating the distam@p at the points of the lineset). All these
steps are presented in this subsection.

The first step is to apply a simple thresholding.

e Attach aThresholdo thelmageicon by right clicking on it and selectinghresholdfrom the
Skeletorsubmenu in the popup menu.

e Select an appropriate threshold in the Properties Area.

e Select a filename you want to store the result to. In the taitere will use the default name
Image.labels

e Press thé\pplybutton.

A new green icon that contains the labels will appear. Conaeéccessamodule to it as described
above and have a look at the results.

You might want to correct the result of the segmentation @doce manually. This might be useful to
fill big vessels or remove uninteresting partsnira has asegmentation editao perform this task.
Due to the size of the data, you will have to work on subblodkb® whole data set.

In the next step we'll calculate a distance map of the object.

e Attach aChamferMapo thelmage.labelscon by right clicking on it and selectinghamferMap
from the Skeletorsubmenu in the popup menu.

e Specify an filename (the default is OK for the tutorial).
e PressApply.

A new green icon named Image.dm will appear. Connechecessanodule and have a look at the
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distance map.
The thinning procedure needs the labels and the distancasiaput.

Note: The thinning algorithm automatically detects endpoints/@$sels. A parameter is used to
distinguish them from "noise” on the surface of the vesselawoid spurious branches. You might
want to change this parameter manually in the console. Thseaner set Var | enOf Ends 10

to set the length of the ends to 10 voxels before they are etes unconnected ends. This is a rather
large value leading to only a few branches. The drawbaclatsytbu also might miss real endpoints. It
will be really hard to detect such errors during the netwdriak. But in general we think it is a good
idea to avoid spurious branches directly during thinning.

e Attach aThinnerto thelmage.labelscon by right clicking on it and selectinghinnerfrom the
Skeletorsubmenu in the popup menu.

e Connect the port for the distance map to the Image.dm icoru ¢ém achieve this by right
clicking on the white square on the left side of the ExtThinicen and selecting Distmap. A
blue line is attached to the mouse pointer; after you clickelimage.dm icon, the two modules
are connected.

e Specify a filename (the default is fine for the tutorial).
o PressApply.

A new green icon named Image.thinned will appear and thenitminprocess is started. It may take
some time before it finishes. We will directly go on and contee result into a lineset before visual-
izing it.

e Attach aTraceLinego thelmage.thinnedcon by right clicking on it and selectingraceLines
from theSkeletorsubmenu in the popup menu.

e Unselect thelustertoggle in the Properties Area.

o PressApply.

The new icon that is visible now in the Pool is a lineset, whjoh are probably already familiar with.
You can visualize it by connectinglaneSetView

e Create arbineSetViewnodule by right clicking on the Image.lineset and selectimgSetView
from the context menu.

The lines are rather jaggy because they connect centerselsvd@o get smoother lines you can use a
TCL command in the console.

e Typel mage. | i neset snoot h into theamira console window. You can repeat this if you
would prefer even smoother lines.

You can use th&CheckNetworkmodule from theSkeletorsubmenu in the context menu to remove
short ends.
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In the last step of this subsection we will compute a thickrfes every point on the lines. For the
thickness we use the values of the distance map.

e Attach anEvalOnLinesgo thelmage.lineseicon by right clicking on it and selectingvalOn-
Linesfrom theComputesubmenu in the popup menu.

e Connect the port for the distance map to the Image.dm icoru cém achieve this by right
clicking on the white square on the left side of the EvalOmisiicon and selectirigeld. A blue
line is attached to the mouse pointer; after you click on thage.dm icon, the two modules are
connected.

e PressApply.

The module doesn’t create a new data icon. It is more like &oremhd changes the connected lineset.
It adds a data value for every vertex in the lineset and cafeslthe value of the field at the point of
the vertex. You can visualize the data with the LineSetView.

e Select the LineSetView by clicking on it.
e Inthe Properties Area there is a drop down menu calleldrMode Click on it and seledData

0.

e Right click on the rectangular area in the r@olormap A popup menu appears. Select
physics.ical

e Change the range of the colormap by clicking into text fiegghtiof the colormap and type in
15.

You see that the lines are now colored. The color is an indidatr the local radius of the original
object.

3.8 Region of Interest

During visualization of large datasets there is often thednt® restrict the displayed geometry to a
subvolume of the total dataset. It would be nice if differemddules shared the same volume and
the volume could be changed simultaneously for all of themanhira there is a special module that
provides this possibility; it is calle@electRai You can attach it to every spatial data object. Some
display modules have a connection calR@I that can be attached to the SelectRoi module to restrict
the view.

e Remove all objects except for the Image.lineset and theSeatidew.

e Create &SelectRomodule by right clicking on the Image.lineset and selecBefectRoi from
the Displaysubmenu of the context menu.

e Connect the Connection named ROI of the LineSetView to tHecBeoi module. To do this,
right click on the white square on the left side of the Lina&ai icon and selecROI. A blue
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line is attached to the mouse pointer; after you click on tele&Roi icon, the two modules are
connected.

e Switch the viewer to interaction mode and click and drag dna® green squares. This will
adjust the Region of Interest and the LineSetView will adbptnew restriction immediately.

e By clicking and dragging on the (invisible) faces of the cigbgou can move it to another
position.

When working with a small subset of the lineset, it is pogstbldo more involved visualizations that
require more graphics power. For example, the lines can $@ajied as tubes that reflect the local
thickness.

Choose a rather small part of the lineset.

Select thd_ineSetView

Click on theShapedrop down menu and seleCircle.

e Click on theScaleModealrop down menu and selebata O
Move theScaleFactoslider to 2.

In the viewer the lines are now displayed as tubes. The teigkiis scaled with the data associated
with the lines.

Note: The data value associated with the lines is the local radins.LineSetView scales by the local
diameter. To scale to the physical size you therefore mesaBcaleFactor of 2.

In the next step we're going to load a part of the image dathishalso determined by the SelectRoi
module. You can then easily load the same subvolume froreréiiit Ida files if you connect all the
Access modules to one common SelectRoi module.

e Load the filel rage that you saved before.
e Attach an Access module to it (see above if you don’t know how)

e Connect the Connection named ROI of the Access to the SeleniBdule. This is done the
same way as with the LineSetView.

e Select the Access module, then pressApelybutton.
e Attach a ProjectionView display module to the newly disgdyreerimage.viewcon.
e You can do the same for therage. | abel s file.

All the LargeDataAcces modules you created are now restritct the same volume and can easily be
moved by one click-and-drag operation.
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3.9 Check Network

In this subsection we’'d like to present a module that can led ts jump to all endpoints of a lineset
and create some nice views for checking if the endpoints aeedfi if they should be edited.

e Create aCheckNetworknodule by right clicking on thémage.lineseand selectingCheckNet-
work from the Skeletorsubmenu of the popup menu.

e Connect theSelectRotonnection of th&CheckNetworlo the SelectRomodule (right click on
the white square at the left of CheckNetwork, select Seleictetick on the yellow SelectRoi
icon).

e Select theAccessnodule, and toggle on theuto-refresicheck box.

e Adjust the size of the lines by selecting thimeSetVievand changing th&caleFactoslider to
approximately 0.15.

e Select thaCheckNetworknodule.
e Press thé\ext Endpoinbutton.
e By repeating the last step you can jump through all endpoints

3.10 Coloring a Lineset According to its Depth Value

It can be useful to color the lines in different ways. In th&trexample we're going to color the lineset
by the local z value. This is done in two steps:

e Create a Scalarfield which provides the depth (z value).
e Evaluate this value on the lines and use a LineSetView.

To create the Scalarfield:

e SelectCreate/Data/Scalarfield
e Select the newly created icon.
e Typezinto theExprfield.

The next step it to evaluate this scalarfield on the lineseti &an do this by selecting the lineset and
typing into the console.

Hint: Press thecTAB> key to get the name of the selected module.

e Typelines conputeData scal arfield 2 to evaluate the data (Fill in your specific
names folt i nes and scal arfi el d). The 2 indicates to store the data values as data 2 in
the lineset.

e Attach a LineSetView and ustata2for color coding.
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Chapter 4

ResolveRT

4.1 BeadExtract

This module can be used to resample and average the image of anultiple beads, i.e., fluorescing
sub-resolution microspheres, thereby obtaining an apmaton of a point spread function (PSF)
required for non-blind deconvolution.

The module must be connected to the image data set contdimngeasured beads as well as to
a landmark set indicating the center positions of all beadsetresampled and averaged. The whole
process of obtaining a point spread function from a bead measent is described in a separattorial

on bead extractiarPlease refer to this tutorial for more information on howise the module.

Press thé\pplybutton to actually extract the beads with the center of thaltimg dataset correspond-
ing to the current positions of the landmarks. The imagem@w@round every landmark is extracted
and resampled using a Lanczos filter (comparéRbeamplenodule). The resampled bead images are
then added to the result object. The final PSF is not nornthlize

Connections

Data [required]

Connection to a uniform image data set containing measweads

Landmarks [ requi red]

Connection to a landmark set indicating the center postioihthe beads to be resampled and
averaged.



Ports

4.

Th

Info

|a Info: landmark zet defines 1 bead

Displays the number of beads to be resampled and averaged.
Resolution

‘a Resolution: % |33 u |33 2 IEE |

Specifies the number of voxels of the final PSF image to be g&erlf a PSF image is connected
as a result object to this module, the port becomes inseasitid the number of voxels of the result
object are used.

Voxel size [um]

‘& Voxel size [um]: » IU-D4 " IU-D4 z IU-D4 |

Specifies the voxel size of the final PSF image to be generateddarometers. If a PSF image is
connected as a result to this module, the port becomes itigerend the voxel size of the result
object is used.

Preprocess

|& Preprocess: Adust centersl E stimate sizel Undnl

Adjust centers:If this button is pressed, the landmark positions of the dataconnected to port

Landmarksare shifted to the center of gravitiy of the correspondingdbelt is required that the

initial landmark positions be inside the bead images ant ribaghboring beads do not overlap
significantly. Otherwise incorrect center positions maygbmputed.

Estimate sizelf this button is pressed, the desired number of voxels ofitta¢ PSF image specified
in port Resolutionare computed automatically. Before this is done the beasistec positions
already should have been adjusted. The estimate is compyteétermining the extent of the
biggest spot around any landmark. Again, it is required tr@ghboring beads do not overlap
significantly. TheEstimate sizéutton becomes insensitive if a result object is conneaiettie
module. In this case always the size of the existing PSF imalgbe used.

Undo: Undoes the effect of any of the previous two buttons. For gtanif wrong center positions
have been computed after presshujust centersthe original landmark positions can be restored
using theUndobutton.

2 Convolution

is module convolves two uniform 3D data objects with eatiieoby Fourier transforming the

two inputs, multiplying them, and then transforming thenckbaThe module is part of thamira
deconvolution moduledt can be used for example to verify the results of image declition.
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The bounding box and voxel sizes of the input data set andaiwotution kernel are ignored by this
module. Use thé&kesamplenodule to make sure that the resolution of both inputs istideh

Press thé\pplybutton to start the computation.

Connections

Data [required]
The data set to be convolved.

Kernel [required]
The convolution kernel.

Ports
Border width
‘& Border width::--:l12 _|,||12 2|3U |

Defines the size of the border region. A border region is resagsf the input data set doesn’t fade
out to black at the boundaries.

Options

|a Dptions: ¥ nomalize kemel v add noise

If normalize kerneis selected, the integral of the convolution kernel (cote@to portkernel will

be normalized to one. If this is not the case, the intensitieke convolved data set will be scaled
by the actual integral.

If apply noisés selected, the values of the convolved data set will beiplieitl by random numbers
uniformly distributed around 1 (white noise).

Noise level

|& Moise level: l& ID |

This port will only be shown if theapply noiseoption of theOptionsport has been selected. It
specifies the amount of noise applied to the output, i.erahge of the random numbers around 1,
by which the result is multiplied.

4.3 CorrectZDrop

This module lets you fix artifacts in 3D microscopic imagegsel by light absorption in other slices.

If such artifacts are present, the average intensity in t@lees seems to be decreased. This so-called
z-dropor intensity attenuatiortan be corrected automatically by fitting an exponentiateuo the
average intensities in each of the slices, or manually byigieg a user-defined formula.

Press thé\pplybutton to start the computation.
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Connections

Data [ requi red]

The image data exhibiting a z-drop artifact. Scalar fieldgwhiform or stacked coordinates as
well asmulti-channel fieldsare supported.

Ports
Mode

‘a Mode: & automatic ¢ manual

Lets you select betweearutomaticnode andnanualmode.

Expression

|& Expression: | 1.06853"expl-0.131454"u]

This port is only available imanualmode has been selected. It provides a text field where you
can enter a formula specifying a factor used to multiply titensity values in each slice. Within
the formula the variable specifies the slicesu will take the value O for the first slice and 1 for
the last slice. For the other slices it takes intermediateegadepending on the actual slice loca-
tion (this makes support of stacked coordinates easy). tionaatic mode the following formula
axexp(b*u) will be used, where andb are fitted automatically. If you first perform an auto-
matic z-drop correction and then switch to manual mode, tteglfexponential will be displayed in
the port’s text field.

4.4 DataPreprocess

This module can be used to apply both a background and a filatfietection to a raw 3D image stack.

For the background correction, a single background imags bruprovided at theackgroundport of
the module. The background image should be a nearly blacgmecorded with the camera’s shutter
closed. This image is subtracted from all slices of the 3uirgata set, thus compensating for any
dark current of the camera’s CCD detector.

For the flatfield correction, a single flatfield image must bevjated at thdlatfieldport of the module.
The flatfield image should be an unfocused almost white imakgntfrom a drop of homogeneously
fluorescing dye. The intensities of the 3D input image ar@ waled according to the normalized
intensities of the flatfield images. The input image getshiggat pixels where the flatfield is dark
and vice versa. In this way non-uniform sensitivity of thenesa’s CCD detector is compensated for.
If both a flatfield and a background image are present, thegsaokd is subtracted from the flatfield
too.

Press thé\pplybutton to start the computation and produce a correctedibdfia set.
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Connections

Data [required]

The raw 3D image stack to be corrected. Any regular scalat figth uniform coordinates is
supported.

Background [ opti onal ]

An optional 2D background image with the same number of v@ixethe x and y directions as the
3D inputimage. If an inputis present at this port, a backgtbeorrection is performed (see above).
Flatfield [ opti onal ]

An optional 2D flatfield image with the same number of voxelhmx and y directions as the input
image. If an input is present at this port, a flatfield cori@tis performed (see above).

Ports

Background

‘& Background: mean=9.11829 deviation=1.6651

Displays the mean value and the standard deviation of thiegbaend image, if such an image is
present. Only the first slice is considered.

Flatfield

‘& Flatfield: Mo flatfield image connected

Displays the mean value and the standard deviation of tHiefthimage, if such an image is present.
Only the first slice is considered.

4.5 Deconvolution

This module is the front-end for deconvolving 3D microswophages. Two different iterative
maximume-likelihood image restoration algorithms are jed, a non-blind one and a blind one. For
a general description of the deconvolution process, plegeeto the providedutorials

The resulting deconvolved data set will be stored in the Aénb input PSF is specified or if the blind
deconvolution algorithm has been selected, the estimé&&&daRll be stored in the Pool also.

Press theé\pply button to start the deconvolution process. Since decotigolis a time consuming
operation, it optionally can be performed as a batch job {fseActionport below).

Connections

Data [required]
The data set to be deconvolved.
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Kernel [optional]

The point spread function (PSF) to used for deconvolutibmo IPSF is specified, an estimated PSF
is calculated automatically based on the numerical apefithe microscope, the wavelength of

the emitted light, and the refractive index. If a blind deewlntion is to be performed, an input PSF

(if connected) will be used as an initial estimate.

Ports
Border width

|a Border width: HIB yIB ZIE? ‘

Defines the size of the border region. A border region is resrgsf the input data set doesn't fade
out to black at the boundaries. For performance reasongttaidvisable to choose values such
that the sum of the size of the input data set and the bordehwédults in a power of two. For
example, if the data set consists of 118 slices, a bordehwaifi10 slices in z direction would be a
good choice.

In the case of widefield data it is sometimes advisable to tre/border width in z direction exactly
as large as the data set itself. If this is the case, the boedam will be initialized by mirroring the

values from the actual data volume. Otherwise, the valuéseofirst slice and of the last slice will
be interpolated linearly.

lterations

‘a Iterations: ﬂIIT ﬂIEU ‘

Specifies the number of iterations of the deconvolution gdoce.

Initial estimate

|& Initial estimate: & const € input data ¢ previous result

Specifies the initial estimate of the deconvolution aldonit If constis chosen, a constant image is
used initially. Often, this yields smoother results thae second option, namelgput data The
third option previous resultis only available if the input data set has already been mestved
previously. Use this option if you want to apply some additibdeconvolution iterations.

Overrelaxation

|& Dvermrelaxation: ¢ none @ fixed  optimized

Overrelaxation is a technique to speed up the convergentteadferative deconvolution process.
In most casefixedoverrelaxtion is a good choice. For non-blind deconvoluidso anoptimized
overrelaxation technique is available. This method furtéherelerates convergence but is more
memory and time consuming.

Regularization
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‘3 Reqularization: ' none ( intensity bazed

This port specifies if you wanhtensity-basedegularization or not.

Method

|a Method: ©* standard ¢ blind

This port specifies whether standard (non-blind) or blinclheeolution should be used.

PSF Parameters

‘a PSF Parameters: N.-’-‘«|1-35 A ID-52 n|1-515 ‘

Parameters for calculating the point spread function. parswill only be shown if standard (non-
blind) deconvolution has been selected and no input PSF pexsfied, or if blind deconvolution
has been selected, in which case these parameters act &gictss

NAdenotes the numerical aperture of the microsctgrabdadenotes the wavelength of the emitted
light in micrometers with the voxel sizes also being intetpd in micrometers. Finally, denotes
the refractive index of the specimen.

Microscopic Mode

|a Microscopic Mode: ' widsfield ©  confocal

Selects whether the inputimage has been recorded usingéislitimicroscope or using a confocal
microscope. This is important for the PSF generation as agefor the selection of appropriate
constraints during blind deconvolution.

Action

|8 Action: Batchdobl |

Since deconvolution is a time consuming operation, it oydily can be performed as a batch job.
A batch job can be submitted using tBatch jobbutton. If this button is pressed, first a dialog
is popped up allowing you to specify the filename of the finaatwolved data set as well as the
number of optional check point files (compare Figire). A check point stores an intermediate
result obtained after a certain number of iterations haen Iperformed. The actual deconvolution
job is started via the job dialog accessedHilg / Jobsmenu item. The job dialog is popped up
automatically after the job has been finally submitted, bigt inay take a few seconds if there are
currently no jobs running.

4.6 DistanceMap
This module computes a 3D distance field of a 3D object. Eagblwill be assigned a value depend-

ing on the distance to the nearest object boundary. The oynvdxels of the object are assigned a
value of zero whereas the assigned value increases as threogisncreases.
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To use this module it must be connected to a uniform label figldre each voxel with a nonzero value
is assumed to belong to the object.

Press thé\pplybutton to start the computation.

Connections

Data [ requi red]
Labelfield from which the distance map is computed.

Ports

Type
|a Type: © Euclid {* Chamfer € SingleSeeded

You may either choose a true Euclidean distance metric opano&imation based on a 3x3x3

chamfer metric. The latter is much faster to compute andrateenough for most applications.

Single Seeded computes a distance map which expressesttngcgi from a single seed point rather
than from the boundary.

Chamfer Weights

|a Chamfer Weights: ** 1-23 0 345 float

This port is only available in chamfer mode. Different chamietrics are available. The 1-2-3
metric is equivalent to only considering a 6-neighborhodew propagating the distance value,
whereas the 3-4-5 considers a 26-neighborhood and is & lagipeoximation of the Euclidean
distance metric. Float also corresponds to a 26-neighloarhat the resulting field will have float
data type instead of short int.

Region
‘& Region: I Inside vI|

This port is not available in Single Seeded mode. Choose inhalegion the distance field will be
computed:

Inside: Inside the object (outside will be set to zero).

Outside: Outside the object (inside will be set to zero).

Both (unsigned): Inside and outside the object. A positive distance is coeguthether the
position is inside or outside the object.

Both (signed): The distance value will be negative at a position inside thjeat and positive
outside the object.

Point

|§ Point: [ 1e+008 [ 1e+008 [1+008  aptions ”
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This port is only available in Single Seeded mode. Specifieseed point for the distance map in
world coordinates. You can use a dragger to adjust it.

4.7 FourierTransform

This module computes a discrete forward or backward Fotmaesform from a scalar input data set
with uniform coordinates. Alternatively, the power speatr, i.e., the squared magnitude of the Fourier
transform can be computed.

The origin of the input data set will be ignored by this moduidso, instead of being expressed in
wave numbers, the bounding box of a Fourier transfomed adtevi be the same as the bounding
box of the input.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The input data to be Fourier transformed.

Ports
Mode

‘a Mude;l power spechim vI |

Option menu specifying the action to be performed.

If areal scalar field is connected to the module, three optéwe available, namefgrward, forward
complexandpower spectrumif forwardis selected, the outputis stored in a special so-called half
complex format. Such an output can be back-transformedp@tutmany other operations can be
performed on it. Ifforward complexs selected, the output will be a complex-valued scalar field
with the same number of voxels as the input object. Finallpower spectrums selected, the
output is a real-valued scalar field with the same number géMoas the input object containing
the squared magnitude of the Fourier transform.

If a complex scalar field in half-complex format is connectbe only option idhackward indicat-
ing a backward Fourier-transform.

If an ordinary complex scalar field is connected to the modhkethree optionforward, backward
andpower spectrunare available. The first two options specify a forward andkbeacd Fourier
transform, respectively. The ouputis a complex scalar fiéld the same resolution as the input. If
power spectrunis selected, the output is a real-valued scalar field withsttree number of voxels
as the input object containing the squared magnitude of tlieiér transform.
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4.8 PSFGen

This module can be used to compute a point spread functidr) @&deconvolution of widefield and
confocal microscopic image data. PSF computation is basedeztromagnetic vector theory. It can
be created by selecting it from ti@reate / Othersnenu of the main window.

Press thé\pplybutton to compute the PSF.

Connections

Data [optional]

A uniform scalar field (usually the image data to be decors)can be connected to this port. The
values of theResolutiorandVoxel sizgports will be set automatically to the values of the inputfiel
then.

Ports
Resolution

‘& Resolution: = |33 [ |33 z IBE ‘

The number of voxels of the PSF image to be generated.
Voxel size [um]

‘a Vozxel size [um]: & IU-D4 y ID-U4 z IU-D4 |

The voxel size in microns of the PSF image to be generated.

PSF Parameters

|a PSF Parameters: NA|1-35 A IU-52 n|1-515 |

Parameters for calculating the point spread functibiA denotes the numerical aperture of the
microscopelambdadenotes the wavelength (as measured in a vacuum) of thesdrtight in mi-
crometers. For confocal data the excitation and emissimel@agth are assumed to be identical. In
this case it might prove useful to compensate by supplyirg@between excitation and emission
wavelength as parameter. Finaltydenotes the refractive index of the specimen.

Microscopic Mode

‘a Microscopic Mode: ' widsfield ©  confocal

Specifies whether the PSF of a widefield microscope or of acoahimicroscope should be com-
puted.
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Chapter 5

Skeleton Pack

5.1 AlignBlocks

The AlignBlocksmodule is for aligning the blocks of a mosaic. During the asitjon of the image
blocks of a mosaic, it may happen that the blocks are not gityfaligned. This module computes the
best adjustment between overlapping blocks, i.e., finddrtheslations between each pair of blocks
that minimizes the difference in the common part of the twages.

Press thé\pplybutton to start the computation.

Connections

Data [required]
Mosaic

Ports

Mosaic name

3 Mozaic name:  [wk/data/tutonialz/skeleton M ozaic

Stores the filename of the final mosaic and of the temporasy filaring the planar alignment, the
module creates 2D projections of the image blocks. Thegegiions are stored with the extension
"nb.mip.am” wherenb represents the number of the block in the mosaic.

Max Trans. X (pixels)

|8 Max Trans. X [pixels]: E] — 8 E] a0 ‘
Maximum value of translation to apply in the X direction (iix@ls).




Image units value

g Image unitz value: 30000000 [image unit]

Gives the corresponding value in image units (for examptbeivoxel size is given in micrometers,
gives the maximum translation in micrometers).

Max Trans. Y (pixels)

‘8 Max Trans. Y [pixels): E]I? E] a0 |

Maximum value of translation to apply in the Y direction (iix@ls).

Image units value

|g Image unitz value: 30000000 [image unit]

Gives the corresponding value in image units (for examptheivoxel size is given in micrometers,
gives the maximum translation in micrometers).

Max Trans. Z (pixels)

‘g Max Trans. Z [pixels): E]IF (] [10 |

Maximum value of translation to apply in the Z direction (ixgs).

Image units value

|8 Image units value:  30.000000 [image unit)

Gives the corresponding value in image units (for examptheivoxel size is given in micrometers,
gives the maximum translation in micrometers).

Alignment

& Alignment: planar wertical ‘

Performs a planar and/or a vertical alignment.pldinar is checked, makes a 2D projection of
each image (on XY plane), and finds the best planar translatbwveen each image. \rertical is
checked, then finds the vertical component of the transiatio

Similarity measure

2 Similarity measure: () 550 (&) Correlation

This port allows you to select either t8&&D(sum of squared differences) or tberrelationmethod
for computing how well the blocks are aligned.

5.2 ApplyMask

This module can be used to segment a LargeDiskData file blpdkdzk. It allows you to apply a
mask to the LargeDiskData file in order to remove or add parts.
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Attach it to the LargeDiskData file containing the labels atdch a Labelfield containing the mask
to the second input connection.

After selecting which materials in the Labelfield describgions to be added (set to material 1) in the
LargeDiskData and which regions should be deleted (setdkdvaund), press th&pplybutton.

Connections

Data [required]

The connection to the LargeDiskData object.

Mask [required]

The connection to a Labelfield containing the mask.

Ports

Add

& Add: None _"'l

Select the material describing the region which will be set in the LargeDiskData object.

Delete

& Delete: sulcus

Select the material describing the region which will be edl in the LargeDiskData object.

5.3 ApplyTemplateToMosaic

This script object is useful if you want to apply the same catepnodule ordigital image filterto
each brick of a mosaic. You will need to build a network as sinawthe figure:
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Info: 258 x 256 = 70 bytes (0... 255). uniform coords
Voxel Size: 244 2 243933« 3
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8 Achon: Lndo

[ autosefesh -

If you plan to apply a compute module, e.GorrectZDrop load one brick and apply the compute
module to this brick. Connect thEemplateinput port of ApplyTemplateToMosaic to the compute
module. To start the processing, préggply.

If you want to apply aligital image filteito every brick, load one block, start the editor on it, anésel
the parameters. Connect themplatanput port to this data object and pre&gplyto run the filter on
all bricks.

Connections

Data [ requi red]

The Mosaicto be processed.

Template [required]
The module providing the template which will be applied tidoaicks.
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5.4 ChamferMap

The ChamferMapmodule performs a distance-map calculation on a 3D segmémrgeDiskData
image. It creates a new LargeDiskData object where the valusach point of the foreground
represents its shortest distance to the background or essttgimund point represents the shortest
distance to the foreground, depending on the option seléctihe Map locationport.

The chamfer map is first computed with integer values, whatises the real values of distances to be
scaled by a coefficient (see ChamferMapScaleFactor). Ifwant the units of your chamfer map to
be the same as the units of your voxels, checkrlloat exact magppox.

For isotropic images, you can choose the dimension andzbeo$ithe chamfer mask (its coefficients
are pre-calculated). For anisotropic images, howeversit fomputes the chamfer mask coefficients
that are most appropriate for the voxel size of your image:.tkis reason, using a mask wider than
3x3x3 for anisotropic images is strongly discouraged.

If the original image is not segmented, it will consider piosipoints as foreground and negative points
as background.

Press thé\pplybutton to start the computation.

Connections

Data [required]
LargeDiskDat4should be segmented).

Ports

Filename

& Filename: | |[Browse]

The result chamfer map will be saved asageDiskDatabut with additional parameters in the
parameter database:

ChamferMapScaleFactor: factor to scale your chamfer map with the same units as yoxelvo
units. For example, if the voxel size of your image is expedss micrometers, divide
your distance map by the ChamferMapScaleFactor and youobilin a chamfer map in
micrometers.

ChamferMapMaxRelError: gives the max relative error relative to the exact Euclid#iatance.

ChamferMaplsExact: is set to 1 if ChamferMapScaleFactor = 1; is set to 0 otherwise
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Mask dimension

|8 Mask dimension: () 20 (&) 3D

Choose 2D if you want the chamfer map to be computed slice ibg slithout considering the
previous and following slices. This option is not availatdeanisotropic images.

Mask size

|8 Mask size: (&) 3w3(x3] () 548G () F7(xF)

The mask size for isotropic images. The wider the chamfeikimthge more precise the chamfer
map, but the longer it takes to compute. This option is noil@vke for anisotropic images.

Map location

3 Map location: | fareground -

This option menu lets you select different map locations:

e foreground: Compute the minimum distance of each point of the foregroefative to the
background

e background: Compute the minimum distance of each point of the backgraaladive to
the foreground

e both foreground and background: Compute the minimum distance of each point of the
foreground relative to the background, with positive valuand the minimum distance of
each point of the background relative to the foreground) wégative values.

Sign of result image

2 Sign of result image: (%) positive () negative

Determines the sign of the points of the foreground if youehekoserforegroundin the Map
locationport, or the sign of the points of the background if you havesgimbackground

Float exact map

|8 Float exact map: [ | ‘

Computes a distance map in the same units as the voxel size uni

5.5 CheckNetwork

The module detects open ends and branching points with harex branches in an attachieideset
It sorts these points and movesSalectRobbject to be centered at one point after another. The focus
is attracted to the selected point by a red semi transpgpéets.
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Connections

Data [required]
LineSet.

SelectRoi [ opti onal ]
Roi (Region of Interest) to be moved.

Ports

Info

‘8 Info: jumped to endpoint4 of 125

Shows information about the last step.

Options

|8 Options: [ longonly ¥ open Surfaces ¥ ignore Border

Selectlong onlyto ignore short lines.

If open Surfacess selected, the module will cut away half of each Isosurtdtached in some way
to the Roi. This may be useful to look inside the structuresthe lines you're checking.

ignore Borderforces the module to skip points near the boundary of the dioagrbox.
Limits
3 Limits: border ID.2

Fraction of the length of one side of the bounding box to beigd on each side. 0 means take all,
0.5 ignores everything.

Action

8 Action: nextunvisited EP | next unvisited BP

next unvisited ERumps to next endpoint.
next unvisited BRumps to next branching point.

BufferAction

8 BufferAction: backl repeatl forwardl clearl

Each visited point is stored in a buffer and can be visitedraga
Use these buttons to navigate through the buffer.

OtherAction

SOIIlerAcﬁun: clear visited | rmunconn lines

Every point already visited is marked in the linesdéar visitedremoves these markers.
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rm unconn linekeeps only the largest connected component in the lineset.

5.6 DisplayMosaic

Attach this module to #osaicto display its bricks.
Press thé\pplybutton to load the highlighted brick into the Pool.

Connections

Data [ requi red]
The Mosaicto be displayed.

Ports
Brick

Borice <[F— »[0

Selects the brick to be highlighted.

5.7 EvalOnLines

The module takes AineSetand alLargeDiskDatdield as input. The field is evaluated at each vertex
of the lineset and the result stored in the lineset.

Press thé\pplybutton to start the computation.

Connections

Data [ requi red]
LineSet.

Field [ requi red]
LargeDiskData.

5.8 MosaicTolLargeDiskData

The module takes #osaiccontaining bricks of overlapping image data and conversntiio one
LargeDiskDatabject stored on disk.

Press thé\pplybutton to start the computation.

56 Chapter 5:Skeleton Pack



Connections

Data [required]
The Mosaicobject containing the references to the blocks of image statad on disk.

Ports

Info

‘S Info: valid mosaic connected

Information on the internal state.
Filename
8 Filename: |C:J‘Tempfmicrovisu,fimage Browsel

The result will be stored in this file.

Interpolation

8 Interpolation: I Standard j

Interpolation method to be used during sampling of the Istick
Standards trilinear interpolation.
NearestNeighbocan be useful if you're working with labels.

Lanczosuses a kernel of width 6 to improve the interpolation. Theiltesill be much better but
sampling takes much longer.

Options

‘8 Options: [¥ autodims ¥ blend ¥ add border

Selectautodimgo use the same voxel size as in the input images.
For seamless transitions between bricks, sdikssid

add borderextends the result by some amount to guarantee voxels wlitle Gaat the boundaries.
You can specify the border in pdBorder.

Specify
|$ Specify: & dims © voxelsize

This portis only visible ifautodimds not selected. It allows you to switch between specifyimgs
or thevoxelsizeof the result.

Dims

& Dims: x [97182 vy [970.82 z |76

The dimensions of the resulting image. To modify thamtodimsmust be deselected.
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Voxelsize

& Voxelsize: x [122 y 122 z 3

The voxelsize of the result. You might either specify the glionthe voxelsize.

Border

& Border: x |15 y |15 z |15

Specifies the size of the border to be added on each side ofdkaim The port is hidden ddd
borderis not selected.

5.9 Thinner

The module takes labels that have been storedaageDiskData and a distance map stored as
LargeDiskData as input. It runs a thinning procedure ongtegxtract the center lines of the structure
contained in the labels.

Press thé\pplybutton to start the computation.

Connections

Data [ requi red]
LargeDiskData containing labels representing a structure

Distmap [ opti onal ]
Distance map to guide the thinning process.

Ports

Filename

‘3 Filename: I Browse |

File the result will be stored in.

Temp filename

|3 Temp filename: I Browsel

A temporary file needed by the algorithm.

5.10 Threshold

The Threshold module provides simple threshold segmentati
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Connections

Data [required]
LargeDiskData

Ports

Filename

|3 Filename: |ata/tutorialz/skeleton/image. labels

The result will be stored in this file.

Threshold

‘8 Threshold: |/ 200 ‘

Lets you set the threshold.

5.11 TraceLines

The module takes &argeDiskDatamage as input. This image may be the result of Tténner
module. The image should contain only lines representedoagls. The module traces these lines
and builds a lineset and/or a cluster out of it.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The image storing the voxel lines.

Ports
Options

|$ Options: ¥ lineset ¥ cluster

Checklinesetto enable output of 4ineSet

Checkclusterto enable output of &luster The values stored at the vertices indicate the number of
neighbors. Endpoints will have a value of 1, vertices a vafug and branching points a value of 3
or higher.
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Chapter 6

ResolveRT

6.1 Analyze 7.5

This format was used by older versions of the Analyze medicaging software system. Today it has
been widely replaced by th&nalyzeAvWformat. The format is used to store 3D medical images.
The actual image data and the header information are storebidifferent files. In order to import
the data inamira, you must select just the header file in tm®ira file browser. The header file is
recognized by the extensiorndr . If it has some other extension, you must manually selecfilie
format via the file browser’s popup menu.

The header file contains the dimensions of the 3D image, tkel®ize, and the primitive data type
(8/16/32-bit grayscale, 24-bit color). In addition, sontkey information such as a short data descrip-
tion or a patient id are contained in the header. This infdionawill be stored in the parameter section
of the generatedmira data object.

Note that the input data type may be interpreted as unsigmed i§ the key for the maximum value
(glmax) in the header of the Analyze file contains a value ifdathan 32,768.

6.2 AnalyzeAVW

This format is used by newer versions of the Analyze medinabtjing software (version 2.5 or higher).
Previous versions used tmalyze 7.5ormat, where image data and header information were stored
in different files. TheAnalyze AVWormat can be used to store 2D, 3D, and 4D medical images, but
the 4D time series option is currently not supportedimra. Additional attributes stored in the files
(like patient name or examination time) are stored in thapater section of the generatadira data
objects.Analyze AVWiles are safely recognized by inspecting the file header.cohemon file name
extension is avw.



BesidesAnalyze AVVilmage files, sometimes also so-calketialyze AVWolume files are used, which
contain a list of 2D file names forming a 3D image stack. Sudame files currently cannot be
interpreted byamira. However, note thaamira provides a very similar concept with ttf&tacked-
Slicesformat.

amira exports scalar and color fields with uniform coordinatesh®Analyze AVWormat. Other
coordinate types can be written as well, but in these casesabrdinate information will be lost and
no accurate recovery will be possible.

6.3 Bio-Rad Confocal Format

The Bio-Rad confocal file format is used to store 3D image ftata confocal microscopy. It essen-
tially consists of a 76 byte header section followed by thagmdata in big endian raw formatmira
recognizes Bio-Rad files automatically by the suffii c. In order to load Bio-Rad files from the
command line uskoad -bi orad <fil ename>.

Since the header section of the format doesn’t containritdrmation about the voxel size, the bound-
ing box of the 3D image has to be adjusted manually for thdtiegwniform scalar field usingmira’s
crop editor Note that Bio-Rad confocal files can only be read but not httemrbyamira.

6.4 Leica3D TIFF

This reader is able to read 3D TIFF files containing a wholekstd 2D images. In particular, the 3D
TIFF format is used by newer Leica laser scanning microssope

In addition to the image data itself special parameterspikel size or slice distances may be stored
in a 3D TIFF file. If such information is found it will be interpted in order to create a uniform
scalar field of the proper type. However, if no bounding bdwrimation is encountered, thehannel
conversion dialoglescribed in the 2D TIFF section will be popped up.

6.5 Leica Binary Format (.lei)
This is the Leica binary file format used by Leica laser scagmicroscopes. It consists of d&i

file as well as several TIFF slices. In order to read these Siglect only thdei file. Parameters like
pixelsize or slice distance are read from kbidile.

6.6 Leica Slice Series (.info)

This is the file format used by the older Leica laser scanniimgaacopes. It consists of anfo file as
well as several raw or TIFF slices, which all must reside mmshme directory. In order to read these

64 Chapter 6:ResolveRT



files, select only thénfo file. Parameters like pixelsize or slice distance are reawh theinfo file. If
the file contains colormaps, they will be read, too.

6.7 MRC

MRC is a file format for the exchange of electron microscopyada

With this reader you can import and export files in the MRC filenfat intoamira. Recognized file
extensions for the reader are .mrc and .rec.

Note that this reader expects the file header to be in lititheanencoding.

6.8 Metamorph STK Format

The MetaMorph Stack (STK) file format is used to encode 3D iendgta, e.g. from confocal mi-
croscopy. It is a special version of the TIFF file format. TH8$K files are indicated as TIFF files in
the format column of the file dialog.

STK files can be read just as ordinary 3D TIFF files. Thannel conversion dialag popped up, let-
ting the user decide how to proceed with multiple channebieseand letting him define the bounding
box of the 3D image. Note that size hints stored in the STK fdelf are currently not interpreted.
Also note thaamira can only read but not write STK files.

6.9 Stacked-Slices

This file format allows a stack of individual image files to lead, with optional z-values for each
slice. The slice distance need not to be constant. The intagesbe one-channel images in an image
format supported bgmira (e.g., TIFF). The reader operates on an ASCII descriptienihich can
be written with any editor. Here is an example of a descrnipfile:

# Amira Stacked Slices

# Directory where inage files reside
pat hnanme C:./data/pictures

# Pixel size in x- and y-direction
pi xel size 0.1 0.1

# lmage list with z-positions

picturel.tif 10.0
picture7.tif 30.0
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picturel3.tif 60.0
col stars.jpg 330.0
end

Some remarks about the syntax:

e # Amira Stacked Slices is an optional header, which allovesnira to automatically
determine the file format.

e pat hnane is optional and can be included in case the pictures are rtbeisame directory as
the description file. A space separates the tag "pathnarosf fne actual pathname.

e pi xel si ze is optional too. The statement specifies the pixel size imxladirection. The
bounding box of the resulting 3D image is set from 0 to pizds{numberof_pixels-1).

e picturel.tif 10.0isthe name of the slice and its z-value, separated by a blank.
e end indicates the end of the description file.
e Comments are indicated by a hashmark charagfer (
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