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Chapter 1

Amira

1.1 Access LargeDiskData

This kind of module is attached tolaargeDiskDatapbject. provides an interface to select a subblock
of the large volumen which is stored on disk only.

You may select the volume either by typing in numbers to théspar by using the blue dragger in the
viewer.

Additionally, it is possible to request a lower resolutidrifee data. Dependent on the file format other
resolutions are stored on disk and might be accessed rat$teyrfthey are calculated on the fly which
might take some time.

After selecting a volume you might press thpplybutton. Anamira field object is created and filled
with the data from disk. You can now use all standamtra visualization techniques on this subblock.

If you checkauto-refreshyou might change the selected volumen and an immediatad écstarted.
This might be useful to easily explore a large volume.

Connections

Data [required]

Connection to thé.argeDiskDatabject.

ROI [optional]

If a SelectRois connected it will define the subvolume to be loaded.



Ports

Info

|§ Info- size of block: 64 64 64 ‘

Indicates the size of the block to be loaded.

BoxMin

|& BoxMin- i [100 i J100 k [100 ‘

The position of the lower corner of the block. Printed as adatindex.

BoxSize

|& BoxSize: i [256 i [256 k [256 ‘

The size of the block to be loaded. The size is in lattice ieslia the base resolution. The numbers
will not change if you select subsampling but the real sizéhefblock to be loaded will change.
This is indicated in thénfo port.

Options

|& Options: [ hide dragger ¥ subsample

Hides the dragger and/or enables subsampling.

Subsample

|a Subsample: x Ifl ¥ Ifl z Ifl |
Type in the number of voxels to be averaged in each dimension.

1.2 AffineRegistration

This module computes an affine transformation for registnadf two image data sets, using an it-
erative optimization algorithm. A hierarchical strategyapplied, starting at a coarse resampling of
the dataset, and proceeding to finer resolutions later offerBnt similarity measures like Euclidean
distance, mutual information, and correlation can be chose

To use this module, you must connect it to two scalar fieldsolfow the progress visually, a module
like BoundingBox or Isosurface should be connected to eéthireo, but this may slow down the reg-
istration process. If thRegisterbutton of theActionport is pressed, the module starts by successively
optimizing the transformation of the first input.

The optimization can be interrupted at any time. Interuptnight take some seconds.

Note: In versions oémira prior to 4.0, this module was namé&gistration

4 Chapter 1: Amira



Connections

Model [required]
The model dataset to be transformed.

Reference [required]
The reference dataset to which the model is registered.

Ports

Metric

‘a Metric: I Mormalized Mutual Information ;I ‘

This port selects the similarity measure to be appligdclideanmeans the Euclidean distance, i.e.
the mean squared difference between the gray values of randekferenceCorrelationmeasures
the correlation of the registered images. Mhatual informationmetrics, especially the normalized
one, are recommended when medical images from differenatfitied, e.g., CT and MRT, are to
be registered.

Transformation

|& Transformation: ¥ Rigid [ lsoScale [ AnizoScale [~ Shear |

At this port you can select the number of transformation peters to be optimized. The numbers
are 6 forRigid (3 translations and 3 rotations), 7, 9, and 12 I&wScale AnisoScalgandShear
respectively.

If you select for exampléRigid and AnisoScaleon each resolution level the 6 parameters of a
rigid transformation will be optimized first, followed by aptimization of all 9 parameters of an
anisoscale transformation. In this way as much as possildlerie using a rigid transformation.

If only AnisoScalés selected, all 9 parameters will be optimized at once. gdacontribution of
the scaling parameters may be expected for this selection.

Extended options

‘& Extended options: v

If this toggle is unset, only the most important ports arélés The other ports are set to default
values which should work well in most cases.

If the toggle is selected, the additional po@gtimizer Optimizer stepQuasiNewton Optimizer
on finest N leve|sCoarsestResamplingdistogram range referen¢élistogram range modehnd
Optionsbecome visible (see below).

Action

‘& Action:  Align Eentersl Align Principal A:-tesl Hegisterl |

AffineRegistration 5



If the Align Centersbutton is pressed, the centers of gravity of both datasets@nputed, taking
the image intensity as a mass density. The model datasaehisated in order to align both centers
of gravity.

If the Align Principal Axesbutton is pressed, the centers of gravity and moments dianafrboth
datasets are computed, again taking the image intensityressa density. The principal moments
of inertia and corresponding principal axes are computéeé.best of 24 possible alignments of the
principal axes is determined according to the similarityamee as selected at thetric port.

Pressing th&egistetbutton starts the actual registration process.

Optimizer

‘& Optimizer: IEHtensiveDilectinn 'I |

At this port you can choose between different optimizatisategies. ThdExtensiveDirectioror
BestNeighbomwoptimizers are well suited for coarse resolution levelg, @uasiNewtoror Line-
Searchoptimizers for the finer resolution levels. The default &gy uses th&xtensiveDirection
optimizer on the coarse levels and QaasiNewtoroptimizer on the finest levels.

Optimizer step

|§ Optimizer step: initial [3.4992  final | 0276867 |

This port sets the initial and the final value for the steptvitlt be applied in the optimizations.
These stepwidths refer to translations. For rotationdirgrs and shearings appropriate values are
chosen accordingly.

The default value for the initial stepwidth is 1/5 of the sifehe bounding box. If both datasets are
already reasonably aligned, you may choose a smallerlisigawidth.

The default value for the final stepwidth is 1/6 of the voxeksi

QuasiNewton Optimizer on finest N levels

|a QuaziNewton Optimizer on finest N levels: |2 ‘

At this port you can select the number of resolution levetdleen 0 and 2) where tigguasiNewton
optimizer is applied. On the coarser levels the optimizesedected at por©Optimizeris applied.
If the number of levels is less than or equal to the numbeicgsdeat this port, the optimizer as
selected at pot®©ptimizeris applied at least at the coarsest level.

CoarsestResampling

CoarzestResampling: » |8 u |8 z |3
8 [ [ [ |

At this port you can define the resampling rate for the coargsslution level where registration
starts. The resampling rate refers to tlederencalataset. If the voxels of the reference dataset
areanisotropig i.e. have a different size in x-, y-, and z-direction, théadé resampling rates are
chosen in order to achieve isotropic voxels on the coarsest.| If the voxel sizes ofnodeland
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referencdliffer, the resampling rates for the model are chosen inrdodachieve similar voxel sizes
as for the reference on the same level.

Histogram range reference

|8 Hiztogram range reference: min |-1|324 man |2532 ‘

This port is only active if one of th#lutual informationmetrics has been selected. Here you can
define the range of gray values for the histogram ofriferencalataset. The essential information
of the dataset should be within this range. It is a good idetermine the range via a visualization
of the dataset, e.g., using @rthoSlicemodule.

Histogram range model

‘s Histogram range model: min ID max I'I'I2 ‘

The same as the previous port, now for thedeldataset.

Options

|8 Options: v lgnoreFinestLevel |

If toggle IgnoreFinestLevels selected, registration will be performed on all but thedin(i.e. the
original) resolution. In many cases a sufficient accuraeyiimaachieved in this way. Registration on
the finest level may slightly improve the accuracy, but theapotation time will typically increase
by an order of magnitude.

1.3 AlignPrincipalAxes

This modules computes a rigid transformation for a triaated surface, such that its principal axes are
aligned to a reference coordinate system. This can eithérébstandard basis in 3D or the principal
axes of a reference triangulated surface.

Connections

Model [required]
Model surface, that will be transformed.

Reference [optional]
Reference surface, whose principal axes will serve as eerefe coordinate system.

Ports
Options

|8 Options: [ Optimize distance
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This port is only visible, when a reference surface is cotewecFor each possible solution (see
explanation below aPort Actior), the root mean square distance is computed, when the option
'Optimize distance’ is chosen. The final transformationl W the one yielding the minimum
value.

Axisl
‘a}\ﬁsl:f: «f" yi z

If no reference surface is connected, the principal axels thi largest moment of inertia will be
aligned to the axis specified at this port.

AXxis2
‘anﬁﬂ:r wfe yi 2z

If no reference surface is connected, the principal axels thi¢ second largest moment of inertia
will be aligned to the axis specified at this port.

Action

|8 Action: Go| Fart| Roz| R3]
The 'Go’ button starts the alignment. Since the principasare only computed up to their orien-
tation the model surface can subsequently be rotated 188elagound each of its principal axes by

pressing one of the 'Rot’ buttons. The number corresporalfitst, second or third largest moment
respectively.

Commands

getRefSystem
Prints the center of gravity, the axes of inertia, and the eof inertia in the console.

1.4 AlignSlices

This module allows you to interactively align 2D slices of[a Bnage stack. Alignment is performed
in a separate graphics window that is activated by preshmigdit button of the module’g\ction port.
To close the slice aligner, press tGsebutton of the module’éctionport.

In addition to this documentation, there is a sepataterial about slice alignmemiontained in the
amira User’s Guide.

The align window displays by default two consecutive slioesg different draw styles that can be
selected from th&jew menu. The two displayed slices can be chosen usinglite slideron the tool
bar. Only one of these two slices is editable at a given tintee Jlice that can be edited is selectable
and it can be either the lower or the upper one. By draggingthigble slice using the left mouse
button, the slice will be translated. The slice can be rota®und its center by dragging it while
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Figure 1.1 User interface of the align tool.

keeping the middle mouse button pressed. At any time the etsvdd the current slice pair as well as
the quality of the current alignment is displayed in theugtdtar at the bottom of the align window.

The documentation of the align tool is organized into théofeing sections (click on the links to open
a section):

Tool bar- describes the buttons of the tool bar.

Menu bar- describes all entries of the menu bar.

Image viewer describes how to align images interactively.
Key bindings- provides a list of all hot keys.

1.4.1 Tool Bar

Slice slider: [Stieel "1 Rl |

Allows the user to change the slices that are displayed amteadited. The displayed number
is the number of the editable slice. If this numbeniand the editable slice is the upper one,
slicesn andn-1are shown. If the editable slice is the lower one, the diggdaslices are slicas
andn+1.

Zoom in button:

Increases the size of the image.

Zoom out button:

Decreases the size of the image.

Zoom label:
Shows the current zoom factor. E.g., a zoom of 2:1 means thiae’s on the screen correspond
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to one pixel of the original data set (magnification), whilé tvould mean that four pixels of
the data set correspond to one pixel on the screen.

Gravity centers button:
Sets the gravity centers alignment as the current alignaigaotithm.

Least squares button:
Sets the least squares alignment as the current alignnggmtthh.

Landmarks button:

Sets the landmarks alignment as the current alignmentigigarWhen this is the active align
mode, the landmarks will be displayed for the current sli¢esne of the other two algorithms
is selected, the landmarks are not shown. The selectedtalmds used when thélign current
slicesor Align all slicesbutton is pressed or the corresponding menu items are chosen

Edge detection button:
Sets the edge detection alignment as the current alignrigoaritam.

Edit landmarks mode:

Sets the active edit mode to be editing landmarks. When shiké active edit mode, the
landmarks that have been already defined can be moved/renaodenew landmarks can be
defined (sedmage Viewersection). This mode can be activated only only wiemdmarks
buttonis ON (i.e. the active align mode is landmarks alignment).

Edit slice mode:
Sets the active edit mode to be editing slices. This meandhhbaeditable slice can be trans-
lated/rotated.

Lower slice:

This button forces the lower slice of the two displayed slit.ebecome editable.

Upper slice:

This button forces the upper slice of the two displayed sltoebe editable (default).
The editable slice can be translated and rotated and lafkdroan be defined for it.

Mirror button:

A mirroring transformation is applied to the editable slice

Align current slices:
The two currently displayed slices are automatically aidjnsing the selected algorithm.

Align all slices:

All slices of the given 3D data are automatically alignedgghe selected algorithm.
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1.4.2 Menu Bar
1.4.2.1 View

Zoom In: Increases the magnification factor of the image.
Zoom Out: Decreases the magnification factor of the image.

Red/Green: If this option is set, the two images are displayed in maganthgreen, respec-
tively. If both images match perfectly, a gray image is ameai. Color images are first converted
to grayscale and then transformed to magenta and green.

Checkerboard: If this option is set, one image is displayed in the white pafta checkerboard
pattern while the other image is displayed in the black pditt size of the parts can be adjusted
in the Optionsdialog (see below).

Average: If this option is set the, two images are averaged or blend#us viewer window.

Invert: If this option is set, the lower image is inverted. The ineditmage is then blended with
the upper image. If both images match perfectly, a constaytignage is obtained. This option
is the default.

Transform parameters: If enabled, an additional toolbar is added which displagsttansfor-
mation and flip state of the currently editable slice.

Coronal view: If enabled, displays a coronal view of the data and a toolacdntrolling the
displayed slice number and its zoom factor.

Sagittal view: If enabled, displays a sagittal view of the data and a todimacontrolling the
displayed slice number and its zoom factor.

If either or both of these views are enabled, an additionalbtar is displayed. Two text fields
allow you to specify the min and max Z values of interest. yate theAuto updateoggle for
the orthogonal views to be automatically updated each tiowechange a slice in the main align
window. Press th&lpdatebutton to request an explicit update.

1.4.2.2 Options

Undo: This menu provides an undo feature that undoes the lasttigrer§uccessive invocation
of Undois possible, allowing several operations to be undone. Baehation made manually
or automatically (translation, rotation, automatic afigant, landmarks editing) can be undone.
The maximum number of operations that can be undone is 100.

Redo: This menu provides a redo feature that redoes the last unojperation. Successive
invocation ofRedois possible after several undo operations.

Reset all: Set the translations on X and Y and the rotation to O for atlesli

Reset: Set the translations on X and Y and the rotation to O for theetuslice (the slice that is
currently editable).

Transform all: This is a toggle option. If the option is ON, the transforroai made for the
editable slice are also made for all slices above when thalddislice is the upper one. That
means that the existing alignment of all other slices nodlved in the current transformation
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will be preserved.

e Fixreference: This option decides if a certain slice is used as a referdiueeduring the entire
alignment procedure. The reference slice is marked by aaghttheSlice slider The other
slices will be aligned according to this slice.

e Read transformation: Reads theAlignTransformand AlignPointsparameters from the input
data and sets the transformation values accordingly. Shiseéful to return to a previous saved
alignment. This can be seen as another kind of reset or undo.

e Save transformation: Save the actual translations, rotations, and landmarksuasneters in
the input data.

1.4.2.3 Align

This menu offers several alignment algorithms that can kectasl in order to obtain the best align-
ment. The performance of each algorithm is dependent ondteetd be aligned. There are four
alignment algorithms that can be chosen:

e Gravity centers: Align gravity centers and principal axes

e Gray values: Least squares algorithm based on gray values
e Landmarks: Align user-defined sets of landmarks

e Edge detection:Align the outer bounds of the objects

In addition, this menu allows you to specify which slicesligma as follows:

e Align current pair: Align just the current two slices
e Align all slices: Align all slices

Finally, theOptionsbutton of theAlign menu opens a tabbed dialog window allowing you to define a
variety of alignment-related options. Each tab will be Haddeparately below. The tabs a@eneral
Output View, Edge DetectionandLeast Squares

1.4.2.4 Align/Options/General

e Allow rotation in automatic alignment: If this option is checked, rotations are considered
during the alignment process. By default this option is &eéc Translations are always con-
sidered.

1.4.2.5 Align/Options/Output

The Outputdialog allows the user to give the output images of the imageksa different size than
the input images. This is especially useful if the slicesratated or moved during the alignment
procedure and some areas of single slices are outside tHers@f the image stack. Beside this, a
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& AlignSlices Dptions

General §Uu|PJ|5 Wi Edge Detection Least Squales

Aezize settings

[C] Automatic zze

Image wackh am
Image heigthc 600
[ Show borders

Background colon
Gray

Calor

o
LILJL ]
=

Figure 1.2 The Output optionsvindow.

background color for the new areas in the image can be detedniThe following image shows the
dialog box.

The following parameters can be set using this dialog:

e Automatic size: If this feature is activated, a minimal image size is caltadavhich contains
all pixels of all slices. The dimensions and the positionha& hew bounding box are set such
that all slices fit in this new bounding box.

Image width: Sets the width of the output image.
Image height: Sets the height of the output image.
Show borders: Shows the new image borders of the output image irStiee Aligner

Background color: The user can set the background color for the output image c®lor can
be set as a gray value or as an RGB color, depending on thetjipeioput image. The current
background color is depicted in the box to the right.
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& AlignSlices Options

General Output | Wiew EdgEDEteclnn Least Squales
Edge detaction paamabers

Iefatrix; dimenzion: :l 5
Ml petcartage ] ]
Il atri rasharing: J 1
Image rasteting i 2
Fipping O

Calculate theeshold: 0

Set threshold { 200
Backgiound propety: ) bight (&) dark

Angle step size: : 1

[ ok || Coneni

Figure 1.3 TheEdge detection optionsindow.

1.4.2.6 Align/Options/View
e Size of checkerboard:Adjusts the size of the pattern if view mode is setleckerboard

1.4.2.7 Align/Options/Edge Detection
The parameters for tHedge detectiomlgorithm can be set using this dialog:

e Matrix dimension: This is the dimension of the matrix which scans the image asuides
whether a pixel belongs to the object or the background.

e Matrix percentage: This percentage defines the amount of pixels in the surrografia pixel
which have to belong to the object to indicate that this pbedbngs likewise to the object. The
considered surrounding is defined by the matrix dimension.

e Matrix rastering: This indicates if the surrounding should be rasterizedo |tise alignment is
done in a shorter time.
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& AlignSlices Dptions

General | Oulput | View | Edge Deteclion Lc.:stSqumes

Optimizer satings:

Max rumber of terations: 1000

Slep size far hanslslions ] 099
Shep size for rotabions: I 05
Rezamplie size

Scale factor j 255

Figure 1.4 ThelLeast squares optiongindow.

e Image rastering This decides if the image should be downsampled during flgarakent pro-
cedure. This speeds up the alignment.

e Flipping: This option indicates if a possible flipping of the imagesiddde considered.
e Calculate threshold: This activates an automatic calculation of the threshold.
e Set threshold: This allows the threshold to be set manually.

e Background property: This must be set to describe the background of the image. rdoap
to this setting, the threshold is interpreted as an uppetawear boundary of gray values which
separate the object from the background.

e Angle stepsize:This sets the size of the search algorithm’s angular stepe@rees). A higher
value speeds up alignment at the cost of accuracy.
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1.4.2.8 Align/Options/Least Squares

The following parameters for the gray values algorithm casét using this dialog:

e Max number of iterations: This is only intended to prevent an infinite loop.

e Step size for translations: The step size used to search for better positions in X and Ynalls
step size, though in general may lead to more accurate sgaldd slows down alignment.

e Step size for rotations: The step size used for rotations.

e Scale factor: During the alignment procedure, the image can be downsahiptethe first
iterationsteps so that a better result can be reached inreestime.

More information about the align methods and the appropsgattings for the methods can be found
in the alignment section

1.4.3 Alignment Methods

The four different alignment methods are based on diffecentepts and thus the results may differ
significantly. However, not only the method decides on tisaltebut the right settings for the method.

This page shall help to use the best alignment method andetthasright settings. Therefore, the

algorithms behind the methods are briefly described. Thgsires a little background knowledge

about mathematics.

e Gravity centers: This method calculates a center of gravity of the gray vahrekthe orienta-
tion by means of the covariances of the image.

e Gray values: This method compares the single gray values of two images.nidre pixels of
two compared slices have the same gray values, the bettaliginenent will be valued for this
method. That means that this method tries to move one sliteanulates the difference of the
gray values of both images. If the quality is getting highfeerthe movement, this method will
keep on changing the positions of to slices to each otherantiaximum quality according to
the above mentioned feature will be reached.

e Landmarks: This method is the one that requires most user interactitve user can define
some points, so called landmarks, which will be aligned theather during the process. The
method is mostly one of the best because the user decides@bthe alignment. The problem
of this method is that the user has to set all of these landsnsokthat this method is very
time-intensive.

e Edge detection: This method is an outline-based method. It works in two stépghe first
step the method tries to identify the object and clears th®snding of any noise. If the object
is separated from the background, the outlines of the abjactwo successive slices will be
compared and aligned with each other.

Two methods allow to define some settings. These settinga dicide on the quality of an alignment
procedure. Sometimes, unintentional artifacts appeachwigsult from wrong settings.
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e Gray values: This is the first method that allows the user to set some paeameis described
above, the alignment compares the gray values of two sueeesdises. The possible settings are
described in thé.east-squares options windoivhe scale factor defines if an image is re-scaled
before the entire process. This means that the image wikgampled in &cale factottimes
coarser resolution. This speeds up the first steps of theepsdo find a first maximum. If this
factor is too large, the editable slice cotilekeout of the canvas. This is a normal behavior since
only points which overlap each other are considered for theutation of the alignment quality,
i.e., if one image moves out of the canvas the quality will lealated as one hundred percent.

e Edge detection: This method has several settings which determin quality sped of the
alignment. As mentioned above, the alignment is divided tato phases. In the first phase,
the object must be separated from the background, and iretteand phase the rotation of two
objects is calculated according to their outlines. The s of image and background is
achieved by using a matrix which decides according to a sading if one pixel belongs to
the object or the background. The size of the surroundingmnelg set by the first parameter.
The higher this value is, the slower the alignment proceduitde. If the background noise is
rather small, the matrix size can be set small in order todpeethe alignment procedure. If
an image has an high resolution, the image rastering canthe galue greater than one. This
speeds up the alignment procedure considerably. If theebbgs dis-symmetrical outlines, the
angle-step-size can be set on a higher value. This alsospedte alignment procedure. If the
outlines are symmetrical, it is strongly recommended tdleestep size to a small value.

1.4.3.1 Landmarks

The buttons of this menu are only activeftlit landmarksmode is selected. The buttons have the
following meaning:

e Add: set the shape of the mouse cursor to a black landmark andngick the slice a new
landmark is created.

e Remove: delete the selected landmark. This menu item is active otilgnie landmark is
selected and the number of landmarks is greater than 3.

1.4.4 Image Viewer

Thelmage Viewerepresents the main part of the align tool. It allows you tgrathe slices manually
using the mouse and/or the keyboard. While two slices ap@ajisd simultaneously, only one slice
can be edited at a time.

A slice can be translated over the other by keeping the lefisadutton pressed and dragging the
slice. Also, the slice can be moved using the cursor keysKsgeBindingssection). The rotation can
be obtained by dragging the slice while keeping the middlesedutton pressed. All rotations are
made around the middle of the slice.
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If the Transform alloption is ON Optionsmenu), the actual alignment will be preserved for all pairs
of two consecutive slices (except the slices actually dilite

Thelmage Vieweallows you to edit the landmarks. In order to edit the landmatheEdit landmarks
mode must be set.

A landmark can bselectedvy clicking inside the triangle that represents the landm@nce selected,

a landmark can be moved, removed or deselected. The landitankbe also selected consecutively,
by clicking anywhere on the slice (not on a landmark). Aftepaselected landmark has been moved,
the next landmark in the list can be selected in the same way.

In order tomovea selected landmark, just click on the new position.

A selected landmark can bemovedby choosing th&kemovétem of theLandmarksnenu or pressing
the Del key. A landmark can be removed only if the number of landmaedfned for each slice is
greater than 2. The corresponding landmark will be removeih feach slice so that the number of
landmarks is the same for each slice.

You can create aewlandmark using theandmark/Addnenu or pressing thies key and clicking on
the desired position. A new landmark will be created for eslate. The creation of a new landmark
can be canceled by pressiggc

1.4.5 Key Bindings

e Changing the slice number
Space- Go to next slice
Backspace- Go to previous slice
Home- Go to first slice
End - Go to last slice

e Translating the editable slice
CursorUp - Translation one pixel up
CursorDown - Translation one pixel down
CursorLeft - Translation one pixel left
CursorRight - Translation one pixel right
Shift+CursorUp - Translation five pixels up
Shift+CursorDown - Translation five pixels down
Shift+CursorLeft - Translation five pixels left
Shift+CursorRight - Translation five pixels right

e Rotating the editable slice
Ctrl+CursorUp - 0.10 degree counter clockwise rotation
Ctrl+CursorDown - 0.10 degree clockwise rotation
Ctrl+Shift+CursorUp - 1.0 degree counter clockwise rotation
Ctrl+Shift+CursorDown - 1.0 degree clockwise rotation
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e Changing the editable slice
1 - Set the editable slice to be the lower slice. While you hbkl key down, only the lower
slice will be visible.
2 - Set the editable slice to be the upper slice. While you hioédkey down, only the upper
slice will be visible.

e Changing the alignment algorithm
C - Set the gravity centers alignment as current alignmeratrakgn.
G - Set the least squares alignment as current alignmentigigor
L - Set the landmarks alignment as current alignment alguorith
E - Set the edge detection alignment as current alignmentitign

e Editing landmarks
Insert - Set the shape of the mouse cursor to a black landmark. @§obin the slice a new
landmark is to be created.
Delete- Delete the selected landmark. This takes effect only whemtimber of landmarks is
greater than 3.
Escape- Pressing Escape if a landmark is selected causes this &akdobe deselected. Press-
ing Escape after the Insert key was pressed, causes thedapseation to be aborted.

e Changing the edit mode
Escape- Pressing Escape allows you to switch between editingsslicede and editing land-
marks mode. However, this doesn’t happen if the currentradde is editing landmarks and a
landmark is selected. In this case the landmark will be @éesedl. Pressing Escape once more
causes editing slices to become the new edit mode.

Connections

Data [required]

3D field for which the slices will be aligned. Currently, umiim Cartesian grids of typexUniform-
ScalarField3 HxUniformStackedScalarFieldandHxUniformColorField3are supported.

Reference [optional]

3D field from which the alignment informations can be read @adsferred to the field that must
be aligned (porData). The reference field must have the same number of slicestendame
dimensions as the data field.

Mask [optional]

An additionalHxLabelLattice3hat can be connected in order to be used as mask during ¢ime ali
ment process.
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Ports

Data window

‘& Data Window: min IEI max |255 |

This port allows the user to restrict the range of visibleadatlues. Values below the lower bound
are mapped to black, while values above the upper bound gopedao white. Only the values
between the two bounds are used by the gray value-basednaigralgorithm. This port is only
active if a gray value image is used as input data.

Resample method

‘a Resample method: IF'review 'I ‘

This port allows the user to decide which resample methobbeilused for the calculation of an
output image. The calculation takes place whereghelyor therealign button from theActionport
is pressed. Two resample methods are possible:

e Preview: A very quick but not very precise method. It should only beduas solution
preview.

e High Quality: A much slower but very accurate interpolation method.

Action

‘& Action: ﬂl Hesamplel Rezample ta Hesull||

Press th&dit button to open the align tool. Press fResampléutton to create a new field according
to the transformations made in the align tool. The new fieldilveive by default the dimensions of

the input image. The dimensions can be altered byéiséze dialog Press th&Resample to Result

button to overwrite an attached result. If a labelfield iselied to the existing result, the labelfield
will also be transformed so that the former labels will als@afier the align procedure.

Commands

performance
Computes the number of frames per second irriegge Viewer

setSliceNumber n
Sets the current editable slice tohe

setEditableSlice lower|upper
Of the two currently displayed slices, sets the editabteegi be the lower/upper one.

translate tx ty
Translates the currently editable slicetiayon the X axis, byty on the Y axis.
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rotate phi

Rotates the currently editable slice plyi. Anglephiis considered to be in degrees and the rotation
is made counterclockwise.

setAlignMode 0]1|2|3

Changes the current alignment mode. The meaning of the géeaim 0 = principal axes alignment,
1 = least squares alignment, 2 = landmarks alignment, andd§je @etection alignment.
setViewMode 0|1]2|3

Changes the display mode. The view modes are encoded assollo= magenta/green view, 1 =
checkerboard view, 2 = average view, 3 = invert view.

align

Aligns the current slices pair.

alignAll
Aligns all slices.

setLandmark i k x y
Sets the landmark with indekof slicei to be the pointx,y).

edit
Shows the tool window (the same as it button of the theAction port).

1.5 Animate

The Animate module can be connected to any other object toaaiits visibility or to animate the
value of one of the following portsPortFloatSliderPortintSlider PortFloatTextN or PortintTextN
The animate module provides a time port which can be used thee&alue of one of these ports of
the other object. The time value is not used directly to setatiner port’s value but is modified by a
user-defined expression. For example, if the time is runfrmg O to 100 and you want to animate a
slice slider from O to 50, you have to use the expresg@nMore complicated expressions involving
functions such asin or coscan be used as well. For a description of supported funcptease refer
to theArithmeticmodule.

Connections
Object [required]
Connection to the object containing the port to be animated.
Time [optional]

Optional connection to a time object. If the port is connddtea time object the time of that object
is used. In this way multiple modules with a time port can beckyonized.
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Ports
Time
|8 Time: «| 4T 7 w0 |

This slider allows you to set or animate the current time @allihe time range and the increment
used for animation can be adjusted in the configure dialoghvté@n be popped up using the right
mouse button.

Port

‘& Port: ISIice MNumber 'I ‘

Option menu listing all ports of the connected object whielm e animated. The selected port
actually will be animated. The special entngible corresponds to the viewer mask rather than an
actual port.

Value

‘a Value: I 1 +cos(3t) ‘

Use this text field to specify the expression used to comghgeattual value of the port to be
animated. The expression can include two different vaembhamelyt denoting the current time
value, andu denoting the previous value of the port.

For thevisibleentry , the expression is interpreted as a boolean expresegieere 0 means invisible,
while a number different from 0 means visible. You can useesgions like>20 or ( (t>5)
&& (t<15)) || (t>100)

Value2

‘a\fdueklu

If the port to be animated has multiple text fields one expoessort will be shown for each text
field. If you don’t want to change the value of a particularttéxd, use the expressian which is
the previous value of the port.

Commands

setMinMaxPortRange
Sets the minimum and maximum value of the time port to the mimh and maximum value of the
chosen port.

1.6 Annotation
This module displays a 2D text in the 3D viewer. Position anldicof the text can be specified by the

user. This is useful for annotating snapshots. In ordereaterthe module choogenotationfrom
the main window'Createmenu.
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For color legends refer to the modulesplay Colormap

Ports

Color

8 Color: _I

Text color. The color can be changed using the color editbickvis popped up when the color
button is clicked.

Options

|8 Options: | transparent background

If this toggle is off the annotation text is drawn inside eefillrectangle. The background color of
this rectangle can be set via the Tcl commaatBackgroundColor

Position type

‘8 Position type: % absolute O relative

Radio box defining whether the text position should be spastifi absolutecoordinates (screen
pixels) or inrelative coordinates ranging from (0,0) in the lower left corner tgljlin the upper
right corner.

In both cases when thecoordinate is negative the right side of the text is placéative to the right
side of the viewer. Likewise, if thg coordinate is negative the top side of the text is placedivela
to the top side of the viewer.

Absolute position

‘8 Absolute position: x I‘*r':I v I"”:I ‘

Text position in screen pixels.
Relative position

|8 Relative position: = ID-U5 y I-U.U5 |

Text position in relative coordinates.

Text

‘s Text: Iwww.amiravis.com ‘

The text to be displayed.

Commands

getFontSize
Returns the current font size.
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setFontSize <points>
Changes the font size. The default font size is 14 points.

setBackgroundColor <color>
Sets the color of the background rectangle which is drawrmvitetransparent backgrountbggle
is off.

1.7 AnonymizelmageStack

In the Parameterssection of an image stack created fr@COM data the patient’'s name may occur
at several locations:

- in the parameter bundle DICOM-¢ All, Parameter 'G00106)01
- in the parameter bundles DICOM-¢ Slice..., Parametelsri&me’ and 'Name’

Module AnonymizelmageStackeates a copy of the image stack and removes all occurefties o
patient’s name from its parameter section.

Press thé\pplybutton to initiate creation of the anonymized image stack.

Connections

Data
This port should be connected to the image stack to be anaegni

1.8 ApplyBSplineTransform

Module for recovering and visualizing resultsel&stic registration

Connections

Data [required]

The model image which was deformed during the registratidternatively, another data set can
be connected. This will then be transformed accordingly.

Control points [required]

Control grid vectors storing the transformation computed aesult of an elastic registration.

Reference [optional]

Optionally, the original reference image can be providediftermining the resolution of the out-
put.
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Ports

Resolution

‘a Hﬂ:luion:x|5-4 '_.f|5-4 z|5-4 |

The resolution of the output. Output can be the reformattedehimage as well as the vector field
giving the movement of each model voxel.

Action

‘& Action: Apply transform | Control points | Control grid | Vector field | ‘

Apply transforncreates the reformatted and deformed model image. Thistitgigl some seconds
because the reformatting is done using Lanczos interpolattontrol pointscreates the control
points which induce the deformation as a landmark data Setntrol grid shows the deformed
control grid as a curvilinear data set, which allows for a bared visualization of the control grid
usingLandmarkViewfor the control points an&ridView for the deformed grid data set.

Vector fieldcreates a vector field storing the movement of each voxellldiva for visualizing
the deformation of space nicely GridView or Vectorsare chosen as display. To this end, it is
recommended to create a vector field of reduced resolutiog pert Resolution

1.9 ApplyTransform

Every data object iramira can carry a transformation as describedlmansformations But only
the visualization of a field is changed not the represemtdatianemory. That means if you scale a
field with the Transform Editodimensions and voxelsize will be retained though the sizenseo be
different on the screen. If you rotate a field the directiohthe sampling planes will be still parallel
to the local axis but no longer parallel to the global axise inoduleApplyTransforntries to create a
new field in a way that it is displayed like the source field @tted to theéData connection but without
transformation.

You can e.g., align one field to another and apply the transdition. Afterwards you can directly work
with the two fields without having to take into account anysfmrmation.

There are two different ways to use the module:

e You can sample onto a given reference lattice.

e You can give a plane, e.g., @bliqueSlice The result is sampled in planes parallel to the given
plane.

Applying a transformation

Proceed as follows: Transform the field with tfieansform Editorthe Registrationmodule or any
other way that creates a transformation. If you're satisfiti the transformation, attach an Apply-
Transform module to the field. Now you have to choose som®ogti
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Thelnterpolationmethod:

e Nearest Neighbothooses for every new voxel the value of the voxel in the sofietd nearest
to it.

e Standardinearily interpolates between the sourounding voxels.

e Lanczosds the slowest but most accurate method that tries to apmpaiei a low pass filter that
is in accordance with the sampling theorem. If you have tingbv@ant to get the best result, use
this one.

TheMode

e cropped The new field has the same dimensions and size as the soudcdffis adjusted to
contain as much as possible of the source field.

e extended The new field’s size is adjusted to contain all of the origiiield. To do this, the
voxelsize or the dimensions have to be changed. If you steciode the Preserve port gets
visible.

ThePreserveport:

e \oxel Size Adjust the result field’s dimensions in a way that it has tams voxelsize as the
source field Warning: This may lead to huge dimensions.

e DimensionsThe result field will have the same dimensions as the sougltk fi

After choosing the options preggplyand proceed.

Sampling onto a reference lattice

Connect the source field @ata. Connect the reference field Reference Choose arinterpolation
method. Pres8pplyand here we go.

Sampling parallel to a given plane

Connect the source field thata. Connect a plane (e.gQbliqueSlicé to Reference Choose an
Interpolationmethod. Choose whether the result has the same dimensioppéd or the result is
extendedo contain all of the source field. PreApplyand the result is created. The result will get
a transformation attached to in a way that the sampling glane displayed parallel to the reference
plane. Use th@ransform Editoif you want to get rid of the transformation.

Connections

Data [required]

The source field. The module operates on any regular 3D figld wiiform coordinates and an
arbitrary number of data components per node.
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Reference [optional]
A regular field with uniform coordinates providing a refecerattice or a plane defining a sampling
direction.

Ports

Interpolation

|a Interpolation: I Standard vl ‘

The interpolation method that will be used.

Mode
|& Mode: % cropped © extended

The result can beroppedto have the same properties as the source or it wightiendedo contain
all of the source field.

Preserve

‘& Preserve: © ‘ouel Size © Dimensions

If the result is extended should it ke®pxel Sizeor theDimension®f the source.

1.10 ArbitraryCut

This module defines a plane which can be positioned and edeatbitrarily inside the bounding
box of a data object connected to pbata. Mostly, you will work with derived modules displaying
some kind of geometry inside the plane defined by this bass.ciexamples of derived modules are
ObliqueSliceor PlanarLIC

However, this base class also serves as a background plaviédnso-calledverlay moduledisplay
their geometry. Examples of overlay modules are fd@inesmodule, theVectorsmodule, or the
Intersecmodule. In fact, if you select an overlay module from a dafects popup menu an instance
of ArbitraryCut calledEmptyPlanewill be created automatically.

You may also create an instanceArbitraryCut by selectingClipping Planefrom the globalCreate
menu. The module does not display useful geometric outpuiskif, but it can be used to clip the
output of any other module iamira. In order to perform clipping you first have to connect doata
to the data object being investigated. Then you can simji on the module’slip buttonlocated in
the orange header block.

Connections

Data [required]
Connection to the data object from which the bounding boaken.
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Ports

Orientation

‘a Orientation: .ﬂn-:iall I:Dn:unall Sagittall

By clicking one of the three push buttons the plane’s origonds reset to the xy-, xz-, or yz-plane,
respectively. The plane will be translated into the centéh® bounding box.

Options

|a Dptions: V¥ adjust view [ rotate [ immediate

This port provides three toggle buttons. If toggidjust viewis active then the camera of the 3D
viewer will be reset whenever one of the orientation butiertdicked.

If the rotatetoggle is active then a virtual trackball is displayed. Bgking and dragging the track-

ball you may change the orientation of the plane. Rememlagthle viewer must be in interaction

mode in order to do so. The ESC-key inside the viewer windaygles between navigation mode
and interaction mode. The trackball of the last active AdpitCut can also be turned on and off by
pressing the TAB-key inside the viewer window.

The immediatetoggle determines whether derived modules and downstreadules receive an
update signal while the plane is being translated or rotatewt. This toggle might not always be
visible.

Thefit to pointstoggle lets you reset the plane by clicking on at least thiferdnt points in the
scene. After enabling this toggle, you should switch torat&on mode by pressing the ESC-key
inside the viewer. Then click three times at different pgiintthe viewer window. The plane then
will be automatically adjusted to match these points. Stittking allows you to select more than
three points. In this case plane will be computed that fitsteeted points best.

Translate

‘a Translate: ﬂll—ﬁ ﬂIED ‘

This port lets you translate the plane along its normal divac

Commands

frame {0[1 }
This command lets you turn on or off the orange frame indicgtine intersection of the plane with
the bounding box of the data object connected to the data port

setFrameColor <color>
Lets you change the color of the plane’s frame.

setFrameWidth <width>
Lets you change the width of the plane’s frame in pixels.
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getPlane
Returns 9 numbers specifying the current plane setting® ntimbers comprise the x, y, and z-
coordinates of the plane’s origin, the u-vector, and thegteor.

setPlane <origin uVec vVec>

Adjust position and orientation of the plane. The commargkeis 9 number in the same format as
returned by thgetPlane command.

1.11 Arithmetic

The Arithmeticmodule performs calculations on up to three input data d¢bjeccording to a user-
defined arithmetic expression. The result is stored in a rege abject calledResult The calculations
are triggered by thédpplybutton. The arithmetic expression is evaluated either ergtid of the first
data object (in case of regular, tetrahedral, or hexahgdids or surfaces) or on a regular 3D uniform
grid for which the number of points can be set by Resolutiorport.

The module is able to process input fields with up to 6 diffedrannels. Scalar input fields are
referenced by the variables A, B, and C. The values of moltigonent input fields are referenced for
example by Ax, Ay, Az (if input A is a vector field) or Br, Bg, Blga (if input B is an RGBA color
field).

In any case the expressions are evaluated per point, eagshlt for a point (X,Y,Z) depends on input
values at the same point only. If the resulting object is dasea regular grid, grid indices |, J, or
K may also appear in the arithmetic expression. This meaatsfoin each grid point its associated
I, J, or K index value will be substituted in the arithmetigesssion on evaluation. This is useful in
connection with comparison operators which produce ate$alther zero or one. Computations may
be confined to a specific sub-grid this way.

An expression consists of variables and mathematical agiddboperators. The syntax is basically
the same as for C expressions. The following variables dieeatk

e A: The values of a scalar field at input A.
e B: The values of a scalar field at input B.
e C: The values of a scalar field at input C.

e Ar: The real part of a complex scalar field at input A.

e Ai: Theimaginary part of a complex scalar field at input A.
e Ax: The x-component of a vector field at input A.

e Ay: The y-component of a vector field at input A.

e Az: The z-component of a vector field at input A.

e Ar: The red component of a color field at input A.

e Ag: The green component of a color field at input A.
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e Ab: The blue component of a color field at input A.

e Aa: The alpha component of a color field at input A.

e Arx: Real part of the x-component of a complex vector field.

e Aix: Imaginary part of the x-component of a complex vector field.
e Ary: Real part of the y-component of a complex vector field.

e Aly: Imaginary part of the y-component of a complex vector field.
e Arz: Real part of the z-component of a complex vector field.

e Aiz: Imaginary part of the z-component of a complex vector field.
e Aii: Index ii of a symmetric second order tensor.

e Aij: Indexij of a symmetric second order tensor.

e Aik: Index ik of a symmetric second order tensor.

e Ajj: Index jj of a symmetric second order tensor.

e Ajk: Index jk of a symmetric second order tensor.

e Akk: Index kk of a symmetric second order tensor.

e The same variables as above for fields at input B or C, but Avittplaced byB or C.

First index of a point (i,j,k) in a regular grid, or index of aipt in an unstructured grid.
Second index of a point (i,j,k) in a regular grid, undefineddostructured grids.
Third index of a point (i,j,k) in a regular grid, undefined famstructured grids.

The x-coordinate of the current point.
The y-coordinate of the current point.
The z-coordinate of the current point.

: Theradiusg = vX2+Y2 + 72,

[ ]
ANSIX A=~

[ ]
This is a list of available mathematical and logical opersito

e + - /| * The basic mathematical operators.
o ! Unary negation.

e - Unary minus.

e % The modulo operator.

e > < <= >= |= == The comparison operatogseater, less, less or equal, greater or equal,
not equaj andequal If the comparison is true the result is 1, otherwise it is 0.
e && || © The logical operatorand, or,andxor. A non-zero operand is interpreted as true,

while a zero operand is false. The result is either 1 (trué) @alse).

e & | The bitwise operationendandor. For bitwiseand, the bits in the result are set to 1 if the
corresponding bits in the two operands are both 1. For etaisthe bits in the result are set to
1if at least one of the corresponding bits in the two operands
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There are also some built-in functions:

e pow(x,a) Power function. Note that there is no power operator (ther@jor exists but
means logicakor).

e sin(x) cos(x) tan(x) Trigonometric functions.

e asin(x) acos(x) atan(x) atan2(x,y) Inverse trigonometric functions.
e sinh(x) cosh(x) tanh(x) Hyperbolic trigonometric functions.

e asinh(x) acosh(x) atanh(x) Hyperbolic inverse trigonometric functions.
e sqrt(x) Square root.

e floor(x) ceil(x) Next largest or smallest integer number.

e In(x) logl0(x) exp(x) Logarithm and exponent.

e rand()  Pseudo-random variable uniformly distributed betweendlan
e gauss()  Pseudo-random variable with Gaussian distribution (medunev0, standard devia-

tion 1).
e erf(x) erfc(x) Error function.
e abs(x) fabs(x) Absolute value.
e min(x,y) max(x,y) Minimum or maximum values.

For better understanding some examples of how to usAritiemeticmodule follow:

ExpressionA

The result is a copy of input object A. If A is defined on a te&dfal or hexahedral grid and the result
type is set taegulartogether with an appropriate resolution, the expressiatddéo a conversion from
an unstructured grid to a structured regular grid. The saitledan also be used to resample a regular
field with stacked coordinates onto a uniform grid.

ExpressionA-B
The result is the difference between input objects A and Bs ERpression is sometimes useful in
order to compare to different data sets.

Expression255« (A>127)
Simple thresholding: For every value of A the result is seR56 if the value is greater than 127.
Otherwise the result is 0.

ExpressionAx (B>0)

Simple masking operation: If B is zero, the result is alsasetero. Otherwise, the result is set to A.
For example, if A is a 3D image and B is a corresponding lab#l,fibe exterior parts of the object
(where B is zero) are masked out by this expression.

Connections

InputA [required]
The input may either be a 3D data field with an arbitrary nundierthannels or a tetrahedral or
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hexahedral grid. The primitive data type of the result wélthe same as this input, e.qg., if input A
contains bytes the result will also contain bytes.

The input may also be a surface field or a surface itself. Famgle, you may want to capture the
values of a 3D data field at all points of a surface in a surfad.fiHowever, note that data on

surfaces can only be used as input if the output is definedesaime surface. Trying to evaluate a
surface field for points of a 3D grid or for points of some otberface is not possible, even if these
points lie exactly on the source surface.

InputB [optional]

Second input, can be any 3D data field or surface field.

InputC [optional]
Third input, can be any 3D data field or surface field.

Ports

Result channels

‘& Result channels: |Iike input A ﬂ ‘

This port determines the number of channels of the result.d&fgult, the result has the same
number of channels as input A. Alternatively, you can spetbiét the result should have 2 channels
(complex scalar field), 3 channels (vector field), 4 chanflRGBA color field), or 6 channels (either
a complex vector or a symmetric tensor field of second order).

Expr
‘ & Expr: IA'B ‘

This port specifies the mathematical expression used to etantpe result. If the result has more
than one channel, more expression ports will be shown.

Result type

|& Result type: ™ input A { regular

With this radio box the grid type of the result can be set eitbesither the same as input A or to a
regular grid with uniform coordinates.

Resolution

|§ Resolution: |54 64 [64 |

If port Result Typés set toregular, the resolution of the regular field to be generated is sdiéo t
values given here.

MinBox

|§ MinBox: |1 [ [1 |
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Port to set the minimum x-, y-, z-coordinates of a bounding &mund the output data object. If
one or more input data objects are connected, the boundingftibe first input data object is also
taken as the output bounding box.

MaxBox

‘& MaxBox: |1 [1 M ‘

Port to set maximum x-, y-, z-coordinates of the bounding&@mund the output data object.

1.12 Axis

The Axis module displays a coordinate frame. If the module is attdd¢hean input data object, the
coordinate frame is adapted to the bounding box of the inpjgtad. Otherwise, global axes centered
at the origin of the world coordinate system are displayed.cenvenience theiewmenu of the main
window contains a toggle button labell&obalAxis Activating this toggle automatically creates an
Axismodule in the Pool.

Connections

Data [optional]
Data object the axes should be adapted to.

Ports
Axis
|&Axis:|7 T T

This port lets you select for which direction axes should tzenah.

Options
|a Options: ¥ amows [ text [ grid |

This port provides three toggles: dfrows is set arrows are drawn at the top of each axigext
is set labeled ticks are drawn indicating the coordinataeal Ifgrid is set a coordinate raster is
drawn between every pair of visible axes.

Thickness
|& Thickness: || A ||5 ‘

Lets you adjust the thickness of the axes.

Colors

|a Colors: !I:-: axiz !I_I,J axiz !Iz axiz _Iter:t _I ticks
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Provides buttons for changing the colors of different pafthe geometry. By default, the x-, y-,
and z-axes are drawn in red, green, and blue, respectively.

Commands

getFontName
Returns the name of the text font. DefaulHslvetica

setFontName <name>
Lets you change the text font.

getFontSize
Returns the size of the text font. Default is 10 points.

setFontSize <size>
Lets you change the size of the text font.

getBoundingBox
Returns the bounding box of the volume enclosed by the axes.

setBoundingBox <xmin> <xmax> <ymin> <ymax> <zmin> <zmax>

Lets you change the bounding box of the axis module. Once dineding box has been set au-
tomatically, the box will not be updated automatically amys unless theetBoundingBox
command is issued again with no arguments.

1.13 BoundingBox

TheBounding Boxnodule can be connected to any spatial data object in ordésualize its bounding
box. The bounding box of a data object encloses its georaétiaznain. More precisely, it is obtained
by determining the minimum and maximum coordinates in x-apd z-direction.

Connections

Data [required]
Any spatial data object.

Ports
Text

& Text: [ show

Shows or hides the coordinates of the lower left front andeapight back corner of the box.
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1.14 CalculusMatlab

This module establishes a connection to MATLAB (The Mathkgoinc.).

The module works like a compute module and allows the contipntan amira data objects in the
MATLAB workspace. amira data objects can be attached to the module and a MATLAB sfilépt
can be specified. The following actions are performed:

o all data objects attached are duplicated into MATLAB datgcis
e the script is executed
o all variables defined are copied back iatmira

There are limitations on the type of data objects used. Cattice fields (scalar, complex, color and
vector fields) can be copied to MATLAB. They are named A, Al, An (n¢ 1) in order of connection
to the module. Only data matrices with 4 or fewer dimensioge<apied back tamira.

e 1D - mapped to uniform scalar fields
e 2D - mapped to uniform scalar fields
e 3D - mapped to uniform scalar fields
e 4D - isinterpreted as x-dim, y-dim, z-dim, X

where X may be one of the following:

e X=1is mapped to a uniform scalar field

X=2 is mapped to a uniform complex scalar field

X=3 is mapped to a uniform vector field

X=4is mapped to a color field (value 0 to 255 per component)
X=6 is mapped to a uniform complex vector field

In addition to lattice fields, time sliders can also be attathThey provide a way to define scalar
variables that can be used to control the script (similari@meters). In order to define a time slider,
use theamiraCreate/Data/Timenenu entry and connect it as well to this module. If there auipte
time sliders, they will be named t, t1, t2, ..nwherenis a number greater O.

Connections

Data [required]

You can add any number of data objects to the module. Cuyrenty uniform fields are allowed
as valid data objects that can be transferred into MATLABnNmiform coordinates such as curvi-
linear, stacked, tetra-grids, etc. are not supported.

New port [optional]
After attaching a new data icon to the module, a new port ieggad which can be used to attach
additional data.
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Ports

36

File

‘a File: Head| Save.-’-‘«s| Save |

You should specify here a text file which contains a MATLABiptrNote that only scripts but not
functions are allowed. An example script could look likesthi

% A is the first connected data object (in double precision)
% X is newly created and will be sent back to amira

X = fftn(A); % use MATLAB function
magnitude = abs(X);

amplitude = unwrap(angle(X));

Z1 = randn(100,100,100,1); % Z1 is now a HxUniformScalarFie Id3

Z2 = rand(100,100,100,2); % Z2 is now a HxUniformComplexSca larField3
Z3 = rand(100,100,100,3); % Z3 is now a HxUniformVectorFiel d3

Z4 = rand(100,100,100,4). *255;% Z4 is now a HxUniformColorField3

Z5 = randn(100,100,100,5); % definition of Z5 will produce a n error
Z6 = randn(100,100,100,6); % Z6 is now a HxUniformComplexVe ctorField3
clear A % clear all variables that you do not wish to export

Here is another example which implements an anisotropiicgidn:

% anisotropic diffusion in 2D (Perona Malik) adapted from Pe ter Kovesi
erg = A;
for i=1l:size(A,3),

ima = double(reshape(A(:,:,i),size(A,1),size(A,2)));

[r,c] = size(ima);

diff = ima;

niter = 4;

kappa = 50; % condition as function of gradient

lambda = .25; % speed of diffusion

if exist(t) == 1, % control by connected time slider
niter = t; % number of iterations

end;

if exist('tl’) ==1,% control by connected time slider
kappa = ti1;

end;

for j=1:niter,

diffl = zeros(r+2,c+2);
diffl(2:r+1,2:c+1) = diff;
deltaN = diffl(1:r,2:c+1) - diff;
deltaS = diffl(3:r+2,2:c+1) - diff;
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deltaE = diffl(2:r+1,3:c+2) - diff;
deltaw = diffl(2:r+1,1:c) - diff;

cN = exp(-(deltaN/kappa)."2);

cS = exp(-(deltaS/kappa).”2);

cE = exp(-(deltaE/kappa).”2);

cW = exp(-(deltaW/kappa).”2);

diff = diff + lambda *(cN. +deltaN + cS. =+deltaS + cE. =xdeltaE + cW. =delt
end,;
erg(:,:,i) = diff;

end;
clear delta * c+ diff = i j niter ima lambda kappa A r;

Here is an example of working with non-scalar data. In theocae have a colorfield attached as
input A.

useimage=1,; % which image from the stack
if existCA’) == 1, % is there an input?
if size(size(A),2) == 4, % is the input 4D?
if size(A,1) == 4, % the first dimension should be RGBA
ima(:,:,1) = reshape(A(1,:,:,useimage),size(A,2),size (A,3));
ima(:,:,2) = reshape(A(2,:,:,useimage),size(A,2),size (A,3));
ima(:,:,3) = reshape(A(3,:,:,useimage),size(A,2),size (A,3));

mi = min(min(min(ima))); ma = max(max(max(ima)));

ima = (ima-mi)./(ma-mi);

imagesc(ima); % display the color image

end;
end;

end;

clear mi ma ima useimage A

Execute

‘a Execute: buffer | selection

Starts the execution of the MATLAB script. All generated segges will be printed in thamira
console window.

You can either execute the contents of the text buffer belmyifér) or execute a selection of the
text in the buffer election.
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MatlabBuffer

Z% Matlab zcript file

Zinput iz mapped to A, A1, A2, etc.

Z output haz to be 1,2.3-0 or 4D

if ewizt(A] == 1 &k lengthlzize(d]]==3,

a imagesclAf:.:. 1]); colormap(aray):
end:

Enter or change a loaded script in this buffer.

Options

8 Options: [ | Display Matlab Consaole

This module starts a MATLAB session in the background. ltsriace can be made visible, thus the
user can interact with the running MATLAB process and inspeaciables in its workspace. Note:
Even if the MATLAB interface is visible, it may be minimized.

Because there is a running MATLAB process, you can use itglovinto inspect values in its
workspace. This can be used as an effective tool for devedomi debugging your scripts.

1.15 CastField

This is a computational module that allows you to change theifive data type of a regular 3D scalar
field or of an RGBA color field. A new scalar field will be creatieaving the same dimensions and
the same coordinates as the incoming one, but the data waillibs shifted, scaled, and cast to a new
data type.

As an additional featureZastFieldis also able to convert a uniform scalar field of bytes intatzel
field, which is commonly used to store segmentation resuldsriima. For each value or label occuring
in the incoming field a corresponding material will be creélatelaterial colors may be defined via an
optional colormap.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The scalar field or color field to be converted.

Colormap [optional]

Optional colormap specifying material colors if a uniforoakar field of bytes is to be converted
into a label field. Only visible, it abelFieldhas been selected for output.
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Ports

Info

|a Info: bypte [0...255] -» int (0...255)

Shows how the input data will be mapped during conversionol€lipping occurs the input range
covers all values between the minimum and maximum data \ltree incoming scalar field. This
range will be mapped as indicated. If clipping occurs, theimum or maximum value of the output
range or both will be equal to the smallest respectively ésgalue which can be represented by
the selected output data type. In this case the input rangessivhich values correspond to these
limits. Data values below the lower limit or above the uppeitl will be clamped.

Output Datatype

a Dutput Datatype: Isigned int vI

Lets you select the primitive data type of the output fielde TlemLabelFieldis special. If this is
selected the incoming scalar field is converted intate! field

Scaling

‘& Scaling: scale I'I offzet IU ‘

Defines a linear transformation which is applied before tladvalues are clamped and
cast to the output datatype. The transformation is perfdrrae follows: output =
SCALE (input+OFFSET)

If you want to convert data with a rangamin ... inmax into a rangeoutmin ...
outmax , SCALEandOFFSETare determined like thiSSCALE = (outmax - outmin) /
(inmax - inmin) andOFFSET = outmin / SCALE - inmin

Options

‘& Options: v clean labels

This port is only shown if you want to convert the incominglacéield into a label field. If option
clean labelss set then the materials found in the input data set will bebeded so that the first
material is 0, the second is 1, and so onclf#fan labelds not set then the resulting label field will
contain exactly 256 materials and no check is performed iatenal actually can be found.

Colormap

B romer? W W[ |

Port to select a colormap.

Color Channel

& Color Channel: Il:hannel 0 [Red) j

This option menu will only be shown if an RGBA color field is te bonverted. It allows you to
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specify which channel of the color field should be regardea@ddition to the four RGBA channels
alsoGrayandAlpha*Graycan be selected. The gray channel is computed on-the-flythierRGB
values of the color field according to the NTSC formula, i.e3 * R+.59 * G+.11 * B.

1.16 ChannelWorks

This module allows to convert between scalar and vectordie¥bu can e.g., combine three scalar
fields into one vector field, or extract one of the six channéscomplex valued vector field to obtain
a scalar field.

Press thé\pplybutton to start the computation.

Connections

Inputl [required]
Connects to a field, e.g., a uniform vector field, a uniformasceld, 3D image volume, or field
defined on a surface.

Input2 [optional]
Optional second input, which accepts the same data typée disdt input.

Input3 [optional]
Optional third input, which accepts the same data typeseafirst input.

Ports
Output

|& I]ulpul:l 1 chanrel vl ‘

Select the desired output type: scalar field (1 channel) ptexrvalued scalar field (2 channels),
vector field (3 channels), color field (4 channels) or complestor field (6 channels).

Channel 1

‘a [Zhannel1:| "I ‘

Select which of the input channels is used as first outputroglan

Channel 2

‘a Channel 2: I "I ‘

Select which of the input channels is used as second outpaneth This portis only present if the
output has more than one channel.
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Channel 3

|a Channel 3: I 'I |

Select which of the input channels is used as third outputiodla This port is only present if the
output has more than two channels.

Channel 4

|& Channel 4: I 'I |

Select which of the input channels is used as fourth outparhicél. This port is only present if the
output has more than three channels.

Channel 5

|a Channel 5: I 'I |

Select which of the input channels is used as fifth output sekrThis port is only present if the
output has six channels.

Channel 6

|& Channel B: I 'I |

Select which of the input channels is used as sixth outputreéla This port is only present if the
output has six channels.

1.17 ClippingPlane

The clipping plane module is an instance of #wéitrary Cutmodule (for a description see there). It
can be created by selecti@jipping Planefrom the main window'sCreatemenu.

1.18 ClusterDiff

This module displays displacement vectors between casreBpg points in two different data objects
of type Cluster The displacement vectors may be colored according to teeghts or according
to any data variable defined in one of the input clusters. lnkéne ClusterViewmodule subsets of
points may be selected by drawing a contour in the viewer @wnalr by specifying an arithmetic filter
expression.

Connections

Data
The first point cluster.
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Data2

The second point cluster. Initially, this port will not bersected to any data set. In order to use the
module you have to establish a connection manually by ditiyéhe popup menu over the white
square on the left side of the module’s icon.

Colormap

The colormap used for pseudo-coloring. The alpha chanrtbkeofolormap will be correctly taken
into account unless the optiopaquéhas been selected. However, note that many default colamap
are completly opaque. In this case, used¢bformap editoto make them transparent.

Ports

Colormap

|& Colormap: RSN ‘

Color

|& Color: ILength IL] 'I ‘

An option menu containing all data variables which can beldse pseudo-coloring. The data
variables’ symbols are displayed in brackets behind theesam

Options
|a Options: | fiter [T opagque

The following two options can be set:

Opaquenfluences the way how the displacement vectors are drawileBault, anti-aliased semi-
transparent lines are rendered. If the opaque option isaetfgarencies will be ignored. Opaque
rendering is faster but gives less nice results. In addition can’t supress certain lines my making
them more transparent.

Filter causes a text field to be shown, which can be used to define tamatic expression for
selecting a subset of points.

Filter

‘& Filter: I

This port allows you define an arithmetic filter expressiome Tilter expression is evaluated for
every pair of points. A displacement vector will only be draifvfor both points a non-zero result
is obtained. The filter expression may contain any aritheanit logical operator defined in the C
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programming language. All symbols listed in the color merayrhe used in the filter expression.
For example, in order select all vectors shorter than 0.2witld an energy larger than -4 use
(L <0.2) && (E > —4).

Action

‘& Action: Er:pu:nrtl Er:pnrt2| Selectl Hesetl Undnl

The button labeledExport Acreates a new point cluster containing all selected poihtseofirst
input cluster together with the corresponding data vaesbSimilarly, the button labelegixport B
creates a new point cluster containing all selected poirtssosecond input cluster.

After pressing th&electutton you may draw a contour in the viewer window in orderesalect
certain points. By default, all points inside the contowr deselected. If you keep the Ctrl-key
pressed down when starting to draw the contour all pointsideithe contour are deselected. Using
the Alt-key allows you to define straight-line segments.

TheResebutton causes all points matching the filter expression t&hioe/n again.
TheUndobutton undoes the effect of the last interactive contowecteln operation.

Commands

setLineWidth <width>
Specifies the width of the displacement vectors. By defthdtyectors are one pixel wide.

setLineSmooth ~ {0|1 }
Enables or disables line smoothing. By default, smootrsraniunless thepaqueoption has been
selected.

1.19 ClusterGrep

This module identifies common points in two different datgeots of typeHxClusterand copies them
into new cluster objects. Using this module you may for exi@nemtract the same set of points from
multiple clusters representing different time steps in madyic simulation.

Connections

A
The first point cluster.

B

The second point cluster. Initially, this port will not bers@cted to any data set. In order to use the
module you have to estabilish a connection manually by aiitig the popup menu over the white
square on the left side of the module’s icon.
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Ports

Points

This port displays the number of points in the two input aust If both input ports are connected
also the number of common points is displayed.

Mode

|a Mode: * inclusion © exclusion

This port provides two radiobox buttons allowing you to sfyeahich points are copied into the
output clusters. linclusionis selected only common points are copieceX€lusions selected only
points not present in the other cluster are copied.

Action

|a Action: E:-tport.-’-‘«l Export B ”

Button Export Acopies points from the first input cluster together with agsted data values into
a new cluster. ButtoExport Bcopies points from the second input cluster together wisbeated
data values into a new cluster.

1.20 ClusterLabel

This module visualizes string labels associated with dajaats of typeCluster For information on
labeling cluster objects, see tii#usterdocumentation.

Connections

Data [required]
Cluster object.

Ports

Labels

|& Labels: [ NOM_USUEL ~| ‘
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This port displays the list of all labels stored in the clusibject. The selected item is the label
being displayed.

Color

Displayed text color. To change the color, click on telor button. A color editor will appear
which you can use to choose the desired color.

Font size

‘a Font size: ﬂl A ﬂ|15 |

Displayed text size.

1.21 ClusterSample

This module converts a set of points with associated dataesgainto a uniform scalar field. The

conversion is performed by determining for each node of thiéotm grid the nearest point of the

point set. The data value of that point will be taken at thd gnde. The input data object must be of
type Cluster

Press thé\pplybutton to start the computation.

Connections

Data
Point cluster to be processed.

Ports

Variable

‘a WYariable: I 'I |

Option menu determining which variable should be convertadan uniform scalar field.

Resolution

|& Resolution: >:|123 _|,||123 z|128 |

This port provides three text field specifying the resolutid the resulting scalar field in x-, y-, and
z-direction. The default resolution is chosen so that a@afitly high sampling rate is obtained
provided the input points are distributed homogeneously.
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1.22 ClusterView

This module visualizes data objects of typkister The vertices of the cluster may be rendered using
semi-transparent points, or using textured plates. Baimtp and plates may be colored according
to any data variable defined in the cluster. Vertices of thustek may be selected or deselected by
drawing a contour in the viewer window or by specifying arttarietic filter expression. Finally, it

is possible to display bonds between neighboring pointss iBhuseful, for example, if the points
represent atoms in a crystal lattice.

In plates mode (see below) individual points may be desasdiday shift-clicking them. Clicking them
without the shift-key pressed causes their id to be printetié console window.

Connections

Data
The point cluster to be visualized.

Colormap
‘& Colormap: |'3' H S |1 |

The colormap used for pseudo-coloring. The alpha chanrtikeofolormap will be correctly taken
into account unless the optiopaquéhas been selected. However, note that many default colamap
are completly opaque. In this case, usedbformap editoto make them transparent.

Ports

Color

a Color: m

An option menu containing all data variables which can beludse pseudo-coloring. The data
variables’ symbols are displayed in brackets followingrbenes.

Options

‘a Options: [ plates [ fiter W opague [~ bonds

The following four options can be set:

Platesactivates the textured plates mode. If this mode is actich salected vertex is represented
by a little sphere. For large numbers of points a significambant of time may be required each
time new colors are set. By default, the plates mode is dedetl. Instead, simple points are
rendered. The point size is constant regardless of thendistaf a point from the camera.

Filter causes a text field to be shown, which can be used to define tamatic expression for
selecting a subset of points.

Opagqueinfluences the way point primitives are drawn. By defaultj-aliased semi-transparent
points are rendered. If the opaque option is set, transp@®will be ignored. Opaque rendering
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is faster but gives less attractive results. In additiony gan't hide certain points by making them
more transparent.

Bondsenables the display of bonds between neighboring pointsedéssary, connectivity infor-
mation is computed automatically. This may take some tirsgeeially for large data sets.

Filter

|& Filter: I
This port allows you define an arithmetic filter expressiotne Tilter expression is evaluated for
every point. Only points for which a non-zero result is obéai are drawn. The filter expression may
contain any arithemic and logical operator defined in the @ymmming language. All symbols
listed in the color menu may be used in the filter expressioaddition, the symbols, y, andz are
defined. These symbol indicate the coordinates of a 3D pbartexample, to select all points with
positive x-coordinates and with an energy

Point size

‘& Point size: ﬂl S ﬂ|1 ‘
Specifies the point size in pixels. Only visible if point modeactivated, i.e., if no spheres are
shown.

Sphere scale

‘& Sphere zcale: || A I':' |

Allows you to adjust the size of spheres shown if opfitateshas been selected. The default sphere
radius is computed from the bounding box of the data set.

Action

‘& Action: Er:pnltl Selectl Hesetl Undnl

The Export button creates a new point cluster containing all selectgdtg of the input cluster
together with the corresponding data variables.

After you press th&electutton, you can draw a contour in the viewer window in ordetddselect
certain points. By default, all points inside the contouwr deselected. If you keep the Ctrl-key
pressed down when starting to draw the contour, all pointsideithe contour are deselected. Using
the Alt-key allows you to define straight-line segments. rithew to be visible, a point must pass the
filter test (see above) and the contour selection test. Batibres are independent of each other, i.e.,
if you change the filter the current contour selection remaatid.

TheResebutton resets contour selection mode. All points passiadilier test become visible.

TheUndobutton undoes the effect of the last interactive contowecteln operation.
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Commands

setBondColor <color>

Specifies the color used for drawing bonds between neigh@points. The color may be specified
by either an RGB triple in the range 0...1 or by a common X1bicoame, e.gred or blue
setBondWidth <width>

This command allows you to change the width of the lines meéng the bonds between neigh-
boring points. By default, lines are drawn one pixel wide.

1.23 ColorCombine

This module combines up to three source fields int&R&BA color field The resulting field has the
same dimensions as the field connectesidorcel Therefore it is imperative that there bsaurcel
ColorCombineconnects to color fields, scalar fields, and scalar fields aitblormap. The relative
scale of the input fields is determined by their bounding lsoxhe module supports three different
ways of merging the input data. "Alpha Weighted” weightsdiiféerent inputs according to their alpha
values, i.e., inputs with a large alpha value become mormprent in the resulting field. "Average”
is the simple geometrical average of the inputs. "Add & Clamagds the values, making sure they
do not exceed 255. If all connected source fields are scatarflefds of the same dimensions, the
module offers two more options: "colormaps”, which doesatlyathe same as the procedures above,
yet implemented in a much more efficient way, and "RGB planesiich interprets sourcel, source2,
and source3 as the R, G, and B values of the resultfield, resplgc

Press thé\pplybutton to start the computation.

Connections

Sourcel [required]
A scalar or color field. This one determines the size of thaeltdigld.

Source?2 [optional]
Another scalar or color field.

Source3 [optional]
And yet another one.

Colormapl [optional]
The colormap for source field 1.

Colormap?2 [optional]
The colormap for source field 2.

Colormap3 [optional]
The colormap for source field 3.
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Ports

Colormapl

B oo W W[ |

Colormap input port for source field1.

Colormap2

8 coomer [ I [ |

Colormap input port for source field2.

Colormap3

8 Coomars 0 I ||
Colormap input port for source field3.

Mode

‘& Mode: & alpha weighted ¢ average ¢ add &elamp |

These radio buttons let you choose the combining algoritipha weightedveights the different
inputs according to their alpha values, i.e., inputs witargé alpha value become more prominent
in the resulting field.averageis the simple geometrical average of the inpwtdd & clampadds
the values, making sure they do not exceed 255. This portlysuvisible if the ColorModeport is
set tocolormaps

ColorMode
‘& ColoriMode: @ Colormaps ¢ RiGE Planes

This port is only visible if all source fields are of equal dim@ns and if they are all byte fields. It
means that faster algorithms are now in use and offers theadphoiceRGB planeswhich makes
sourcel, source2, and source3 the R, G, and B components i@fshlt respectively.

1.24 Colorwash

The Colorwashmodule helps you to visualize two scalar fields in combimgtéag., medical CT data
and a dose distribution. The module is attached t@ghoSlicemodule visualizing the first field, e.g.,
medical CT data. The image of ti@rthoSliceis modulated so that it also encodes the second field,
e.g., a dose distribution. The standard modulation teatenig to multiply color into an underlying
gray scale image. This explains the name of the module.

In order to use the module, first select the scalar field to bwashed, e.g., a dose distribution. Then
chooseColorwashfrom the popup menu of an existit@thoSlicemodules. The newolorwashmod-
ule automatically connects to the selected scalar fielderAdttively, of course you can also connect
the Data port of the module by hand.
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Connections

Data [required]
The 3D scalar field to be colorwashed.

Module [required]
Connection to the underlyingrthoSlicemodule.

Colormap [required]
Connection to &Colormap

Ports
Fusion Method

|& Fusion Methnd:l rAUltiply v||

Specifies how the underlyir@rthoSliceimage is modulated. In any case the scalar field connected
to the Data port is first mapped to a color image using the colormap cadedeto theColormap
port. This color image is then combined with iBethoSlicebackground. The following modes are
supported:

Multiply: The colors (scaled to the range 0...1) are multiplied. Aobp containing bright colors

or white should be used, suchamira’s temperature.icolClick here for an example.

Add: The colors (scaled to the range 0...1) are added and clarBpédthe background image and
the colormap should not be too bright in order to avoid overslo

WeightedSuniThe background image and the color image are blended usirgggtfactor which
can be adjusted in a separate port (see below). If the wedglrfis 0.5 the two images are just
averaged.

MagicLens:A checkerboard pattern is generated, displaying the twgé&san the different squares.
The square size can be adjusted in a separate port (see below)

Overlay: In this mode a data range can be specified. Inside this ramgbatkground image is
replaced by the color image.

AlphaBlending:The background image and the color image are blended deypeodithe alpha
values stored in the colormap. If the colormap contains nu-$&@nsparent values at all, opacity is
computed from the luminance of the color values.

WeightFactor

|& WeightFactor: I I A IU.5 ‘

Interpolation factor used iWeightedSurmode.
LenseWidth
‘a LenzeWidth: ﬂl’f_\.— ﬂlm ‘

Width of the checkerboard tiles MagicLensmode.
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OverlayRange

‘a DverlayR ange: |1DD |1UUU |

Range of data values where the overlay image replaces thgtoamnd inOverlaymode.

Commands

setNearestNeighbor

Enables nearest neighbor interpolation for regular sdedlts. By default regular fields are inter-
polated trilinearly, except for label fields, which are exaibd using nearest neighbor interpolation
in any case.

1.25 CombineLandmarks

This module merges an arbitrary numbeweftex sebbjects into a singléandmark set
Press thé\pplybutton to start the computation.

Connections

Data [required]

Accepts avertex sebbject. As soon as this port gets connected, an additionategort will be
created. This allows to merge a practically unlimited nundjelata objects.

Source?2 [optional]

See above.

Ports
Unify sets
& Unify sets: [

If this option is chosen, the resulting landmark set will n only one set of landmarks, i.e., all
vertices will be added to the same set. Otherwise, the esrt€ the different input objects will be
added to different sets. In order to ensure that all sets theeveame number of markers the input
object with the maximum number of vertices is determinedahdther sets are filled with (0,0,0)
if necessary.

1.26 ComparelLatticeData

This module takes to regular fields with the same dimensiodgfae same number of data variables
per voxel as input and computes the average difference p&l between both. In addition, a new
field with the point-wise difference of both inputs can be eated.
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Press thé\pplybutton to start the computation.

Connections

InputA [required]

A 3D regular field. Any coordinate type, primitive data typenumber of data values per voxel are
accepted.

InputB [required]

A 3D regular field with the same dimensions and the same nuoflaiata values per voxel as input
A.

Ports

Average error per voxel

‘a Average error per voxel: <undefined>|

Displays the difference between the two input data sets.

Options

‘& Options: ¥ create difference field |

If this toggle is set a new field with the point-wise differermetween both input data sets is created.

1.27 ComputeContours

This module compute contours for a 3D label set using 2D rogijtlanes orthogonal to the selected
axis (x,y or z). There is one cutting plane per each slice ef#t; the plane has the same coordinate
as the slice. If the labeled set contains subvoxel accurdoymations (weights) the contours can be
computed using this information too (this is an option andibfault is on). It is possible to compute
only the contours that separate one certain material; #isbe done by selecting a material from a
menu. The default settings compute contours between ath#terials.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The label set to extract contours from.
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Ports

Orientation
|8 Orientation: ¢ x{ p & 2

Controls the direction used for contours computing. Théirgipplanes will be orthogonal to this
axis. For example, if z axis is selected, all the contourklvalcontained in xy planes.

Options

|8 Dptions: M subrvoxel accuracy |

There is only one check button which controls the use of sxéheccuracy information, if present.

Materials

|$ M aterials: I.-’-‘«II vl |

Selects a material; only contours separating this mateaal others will be computed. By default,
all the materials and implicitly all the contours are coesétl.

1.28 ConnectedComponents

This module searches connected regions in a 3D image voldime.regions are detected based on
thresholding, i.e., a region is a set of adjacent voxels witknsity values lying inside a user-defined
range. The module is useful for counting cells on a dark bamkud.

Press thé\pplybutton to start the computation.

Connections

Data [required]
Image dataset to be analyzed. Only byte fields are supported.

Ports

Info

|8 Info: 0 components

After pressingApply, this port will display the number of detected regions, thkimne of the small-
est and the largest region, and the average volume.

Intensity

|8 Intensity: Min |2U bz |255 |

Voxels with values outside this intensity range are considéo be part of the background.
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Floodfill Type

‘& Floodfill Type: | 6 Neighbors < | ‘

Defines the connectivity type. In case@®heighbors/oxels with a common face are considered to
be connected. In case &8 neighbors/oxels with at least one common edge are considered to be
connected. Finally, in case @b neighbors/oxels with at least one common vertex are considered
to be connected.

Size

‘a Size: Minl'ID MaHFDDDDDDD ‘

Minimal and maximal size in voxels of the regions. Regiongken or larger than this range are
considered part of the backgroundMéxis zero no upper size limit will be implied.

Output

|a Dutput: | Region Field [+ Spreadshest

If Region fields checked, a scalar field of type byte will be created. Vowdigkh were considered
to belong to a region are set to some non-zero value, whil&gvaand voxels are set to zero.
Different connected regions will be assigned differentreal so that the regions can be visualized
using color coding. However, since the output type is byéerdgion labels are not unique if more
than 255 components are found. The regions can be visualiZ&d by using e.qg., amsosurface
module with threshol®.5. Alternatively, the result can be cast to a label field ustastFieldand
then theSurfaceGemodule can be applied.

If Spreadsheas checked, apreadsheetbject will be created, containing a list with the size and
position of all detected regions.

1.29 ContrastControl

The ContrastControl module Contrast in short) is an extension to th@rthoSliceand ObliqueSlice
modules. It is particularly useful for the gray or color vaknalysis of scalar fields like medical image
data, as well as a preliminary stage for image segmentalii@iows a fast and intuitive adjustment
of the transfer function, mapping scalar values stored #ithimage data to those values used for
visualization.

With the help ofContrastControl the linear mapping of the data values to a subset of scalaesal
or indices to color values, defined byGolormap can be modified. The termvindowing is often
used within this context. Theindow defines a possibly narrowed view to the data’s scalar valaes,
enhancing the contrast of certain structures within thegendata. The width of thevindow defines

the range of data values between a lower and an upper thdeshath shall be mapped to a range of
values specified by the height of thendow In terms of gray value mapping a subset of thousands
of possible data values can be mapped to i.e. 256 gray vdioeatly distributed on a ramp, varying
from black (0) to white (255). Black values are representgthle lower border of thevindow and
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white values by the upper border. The center ofwireow might be located at any value of the image
data, thus the entire window can be shifted to various péantdata evaluation.

* window center
255 ;

. it width

-1000 image data range 3095

The windows center and width can be modified with the two sliders in theperties Area of the
Contrastmodule. These values can either be adjusted by shiftindittersto the left or right, varying
the values by a certain percentage of the image data rantfesyocan be specified numerically via the
appropriate entry fields.

For an overview of the current mapping, a graphical reptasiem of the mapping function can be
displayed within theviewer window In order to do so the toggle button in the Properties Are& wit
the Window Showlabel must be activated. The horizontal extent of\whedow graph specifies the
image data range from the lowest to the highest value. Tkatiramp indicates the mapping function
where the area below or above the ramp represents the dyrchosen mappinaindow.

Experienced users can directly use the mouse for a fast amdtaneous modification of theindows
centerand width. The contrast can be adjusted via the left mouse buttoite the shift button is
pressed. Moving the mouse to the left or right moves the cerfitdthe window accordingly. Up and
down movements increase or decrease the width ofithdow A vertical line (that means lower and
upper threshold are identical respectively tiiadow width equals zero) indicates a binary mapping
of the image data values. All values below twendows center will be mapped to black and all
other values will be mapped to white. Moving the mouse furttevn will invert the mapping, thus
exchanging black and white values.

Connections

Module [required]
Connection to atOrthoSliceor ObliqueSlicenodule.

Data [required]

Connection to the scalar field is automatically establishadhe OrthoSlice module.
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Ports
Data Window

& Data Window:

This port displays information on the image data range. hbe@se mode the current data window
will be displayed, too.

Center

|& Center: h ID ‘

The window center can be positioned between the minimum andmum value of the image data
range. The incrementvalue for slider movementis 1 perdegheamage data range. More accurate
values can be specified via the numeric input field.

Width

|§ Width: N E ‘
The window width can be adjusted between 0 and the total irdatgerange. The increment value

for slider movement is 1 percent of the image data range. Mocarate values can be specified via
the numeric input field.

Window

|& Window: [ Show

This port enables or disables the display of a graphicabssmtation of the linear transfer function
within the viewer. If it is enabled an additional port appearhich allows the specification of the
graph’s position. The graph will be updated synchronouslly the contrast adjustment.

Position

|a Position: |'155 |5 |

This portis only visible whelVindow Showis enabled. The input values are the X- and Y position
of the graph within the viewer. The lower left corner of thewer has the coordinates (0, 0).
Negative coordinates are relative to the right respegtiupper border of the viewer. Both values
can also be modified by moving the mouse pointer into the gpjate entry field, pressing the shift
key and moving the mouse.

Commands

verboseMode {0|1 }

Setting verboseMode to a value not equal to zero leads toraguemt refresh of the current data
window settings via the mapping port. Due to the possibsitdf changing the window settings

quickly this leads to flickering results and furthermoreuess the interactive adjustment speed. A
value of 0 is the default.
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showWindowGraph
This is just a command line interface for the window portnging the window graph up front.

hideWindowGraph
This is the counterpart to showWindowGraph, removing thedwiv graph.

info
Prints out a short info to th€ontrastControlmodule.

setLineColor <r> <g> <b>

Using setLineColor you can change the visual appearanteafindow graph. This is useful when

the currently chosen background color interferes with the ¢olor of the graph. The RGB triple

specifies how much a certain color component contributelseaesulting color. These values are
clippedto 0 and 1.

setMouseSensitivity [<value>]

Direct contrast adjustment with the mouse (Shift - Left Me@itton) in interactive mode can be
amplified or damped using this command. The default valuéitiies 1 percent of the total image
data range. The value is clipped to 0.1 and 1

setPosition <x> <y>

The position of the window graph can be modified with setiRmsitNegative values are relative to
the right and upper border of the viewer. If no window grappesrs with showWindowGraph try
setPosition 0 0 which should set the display to the lowerdefher.

setScaleFactor <factor>
The size of the window graph can be modified using setScatef~athis might be useful if the
window graph is disturbing the visual output of the viewer.

1.30 CorrelationPlot

This module computes a 2D correlation histogram of two unifgcalar fields (e.g. image stacks).
It detects regions of correlated intensity in two imageshef same object. The result of correlation
analysis can be applied for an image segmentation becagiemseof high correlation are likely to
represent a unigue material or tissue type. The module canrrgected to MultiChannelFieldor to
two separate images of the same dimensions. The correlasitngram is computed as follows:

e The data values of each inputimage are subdivided into adesered number of intervals.

e Element(i,j) of the 2D histogram contains the number of all voxels wheeedhta values
fall into intervali for the first image and interval for the second image.

Typically, CorrelationPlotis used for co-localization analysis in fluorescence mwopy, where the

spatial distribution of two fluorochromes has been recolidetivo different channels. There, the
module finds the regions where the fluorescence signal isihilgbth images.
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A further application ofCorrelationPlotis the segmentation of multi-modal medical images such as
CT and MRT. In this case, the images must be registeredthe object position must be identical
in both images. Use moduRegistratiorfor achieving this alignment, followed by modulgeesample

for resampling the model dataset to the lattice of the refegalataset. For the correlation analysis
of medical image data from different modalitieSorrelationPlotlets you define arbitrary intensity
ranges.

Besides the 2D histogram, the module computes basic &tatist the image pair such as the number
of co-localized voxel pairs, the Peak-Signal-to-Noisgi®@nd the correlation coefficient.

A graphical representation of the correlation histograrshiswn in an extra 2D plot window using

a user-defined colormap. The objective of a correlationyasmals to find and select regions of high
correlation, which occur as local maxima in the 2D plot. Swvepions can be selected either by
manually drawing in the 2D plot window or by numerically errg subrange limits.

The selected regions can be used for a segmentation of tlgeidetasets. For thi§orrelationPlot
optionally generateslaabelField The number of labels is given by the number of selected nsgio
the 2D plot. For each selected region, all voxels of the indajasets with corresponding data values
are assigned to the respective label.

Connections

Sourcel [required]
First input, must be a scalar field with regular coordinatesMultiChannelFieldfield.

Source?2 [optional]
Second input, must be a scalar field with regular coordimatedvultiChannelFieldfield.

The module takes the first two fields that it can find in the inpljects connected to the two
source ports. If, for instance MultiChannelFieldfield with three channels is connected to sourcel
and a scalar field to source2, the module takes the latticas &hannell and channel2 of the
MultiChannelFieldas input lattices, ignoring the third channel and the sciiddd connected to
source2.

Colormap [optional]

Optional colormap used to map the values of the correlatistofram. The range values of the
colormap are ignored by this module.

Ports

Inputl

|a Input1: min: |1IJD TNEN: |255 nurmn hing: I'IEE ‘

The first two text fields define the data rangémgfutlused for computing the correlation histogram.
Typically, the number of background voxels (low intensityQ) that co-localize in two images
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overwhelms those of the structures of interest. Thereforeandmaxcan be set to exclude certain
intensity ranges from the analysis. The text field labelech bins:adjusts the number of bins and
thus the coarseness of the histogram. In the case of inpds figth byte or short as primitive data
type the number of bins is internally adjusted such that éathas the same integer width.

Input2

‘& Input2:  min: |33 man: |1EIEI i birng: IEB |

Defines data range as well as the number of bins for the 2nd.iSge description above for details.

Gamma correction

‘a Gamma cormrection: II& ID.DE ‘

This port defines the value of an expongammaused to specify the mapping of the histogram
entries to color values. First, the histogram entries arenatized to their maximal value. Then,
before the color is looked up, an elemendf the correlation histogram is replaced by,
Choosing a gamma value less than 1 emphasizes small valbisss Tiseful for similar reasons as
described for porinputl

Colormap

|a Colomap: |D— A |1—|

Before plotting them, the histogram entries are normaline@lues between 0 and 1. The colormap
connected to this port is used for the histogram look-up.réhge of the colormap will be ignored.
If no colormap is connected, a gray map is used.

Selection by

‘a Selection by:  manual draw (* subrange

Two methods are supported for selecting regions of the griatn. Inmanual drawmode one can
use one of the draw tools from the tool bar at the upper borfigreoplot window. In the second
mode labeledsubrange one can define a range of values for each of the two input fi€ldgs
selects a rectangular subregion of the histogramsulorangemode, two additional numbers are
computed as described below.

Region action

|& Region action: Clear last regionl

Press this button to remove the last selected region. Thisigponly shown in manual drawing
mode.

Sub rangel

|a Sub rangel: min: |12'| Max: |1T-"4 |

This port is only available isubrangemode. Here the boundaries of the subrange for Inputl are
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defined. To change the subrange with a visual feedback inldh&mdow, use the mouse wheel to
single step or hold down the shift key while moving the leftgged mouse for making bigger steps.

Sub range2

‘8 Sub range2:  min: |51 max: |83 ‘

Like the above port for Input2.

Action

‘8 Action: N Compute Histograml Create LabeIFieIdl ‘

The Compute Histograrbutton recomputes the correlation histogram and pops upldih&indow.
The Create LabelFieldutton computes habelFieldusing the current selection.

Input _1

|$ Input_1: 0145 % [EE083 of 45613056 vox)

Prints relative (%) and absolute (nwf,;) numbers of voxels specified in thhein andmaxfields of
portinputl

Input _2

|$ Input_2: 7812 % (3563396 of 456713056 vox)

Prints relative (%) and absolute (nef,:) numbers of voxels specified in tihein andmaxfields of
portinput2

Input

|8 Input: 0.082 % [37430 vox-pairz), PSMA: 9.632 dB |

Prints the fraction (relative to total number of voxel ppasd absolute number of voxel pairs within
specified interval. Only these pairs are considered for istedram generation. The second value
is the Peak-Signal-to-Noise-Ratio [dB], which is calcathticcording to

PSNR= 10 * log; (1.1)

MSE)’
with MSE being the (normalized) mean square error.

Correlation

|8 Correlation: -EI.DSE‘

Prints the correlation coefficient of the voxel pairs corsadl for histogram generation.

Selection

|8 Selection: 17.839 % of Input [EEEE vox-pairs] in sub range

Prints the relative (%, relative to Input) and absolute narslof selected voxel pairs.
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Sub range 1

|& Sub range_1: 37.339 % of [nput_1 [24675 vox)

This port is available only irsubrangemode. It prints the number of voxel pairs inside the set
specified by the first subrange. The final selection is thesetgion of the voxel pair sets defined
by the first and the second subrange.

Sub range 2

‘& Sub range_2: 47.067 % of Input_2 (1677131 vox)

This port is available only irsubrangemode. It prints the number of voxel pairs inside the set
specified by the second subrange.

1.31 CreateCluster

This module converts a vertex-set object to a point clusbgeat. The point cluster object stores
the coordinates of the vertices but does not keep any otfeniation such as the connectivity of a
surface.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The vertex-set object to be converted.

1.32 Curl

TheCurl module computes the curl of a vector field consisting of fldefined on a uniform grid. The
output is another uniform vector field.

av. av, av, av. av, avw>

Press thé\pplybutton to start the computation.

Connections

Data [required]

Vector field defined on a uniform gridUfpiformVectorFieldy. The vector components must be
floats.
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1.33 CurvedSlice

The CurvedSlicamodule lets you display arbitrarily curved slices througdascalar field or along a
curve for a 2D field. A 3D scalar field having a dimension lesstB along one axis is treated like a
2D field. Three mapping methods are available for mapping dalties to colors or gray levels.

Connections

Data [required]

The 2D or 3D field to be visualized. Currently, regular scéilelds and RGBA color fields with
uniform or stacked coordinates are supported. For 3D fighdsslice is curved through the field.
For 2D fields, the whole field is extruded along the curve.

Curve [optional]

Curve defining a fence. The curve can be either a BSpline onaS3et. When using a LineSet, a
BSpline is automatically created and connected.

Colormap [optional]

The colormap used to map data values to colors. This pornisragl wheninear or histogram
equalized mapping is selected.

Ports

Viewer

|a Yiewer:  show + hide

Extra viewer representing the texture.

Mapping type
‘a Mapping type: | Linear - ‘

This option menu controls how scalar values are mapped &esarolors. Fotinear mapping,

a user-defined data window is mapped linearly to black andewhif histogramis selected, an
adaptive histogram equalization technique is applied.s Tiiethod attempts to show all features
of the data, even if a wide range of values is covered. Finatilormapcan be used to activate
pseudo-coloring.
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Data Window

|& D ata Window: min |IJ mnas |255 ‘

This port is displayed ifinear mapping is selected. It allows you to restrict the range siblé data
values (brightness and contrast). Values below the lowant@re mapped to black, while values
above the upper bound are mapped to white.

Contrast limit

|& Contrast limit: |7 |

This port is only visible ithistogramequalization is selected. The number determines the &intra
of the resulting image. The higher the value, the higher therast in the resulting image. A value
of zero means that contrast will not be limited at all.

Colormap

@ Coomer [T I |

This port is displayed i€olormapis selected. Choose a colormap to map data to colors.

Transparency

‘& Tranzparency: ¢+ Mone ¢ Binary  Alpha

This radio box port determines the transparency of the .slidenemeans that the slice is fully
opaque.Binary means that black parts are fully transparent while othetsge opaqueAlpha
means that opacity is taken as is. If a colormap is used forlization, opacity values are taken
from there.

Sampling
‘& Sampling: | medium ‘

This port provides four choices for specifying the textigsalution:

coarse: lowest resolution. For 3D fields, 128x128. For 2D fields, sidield divided by 8.
medium: medium resolution. For 3D fields, 256x256. For 2D fields, siéeld divided by 4.
fine: intermediate resolution. For 3D fields, 512x512. For 2D fiekize-of-field divided by 2.
finest: highest resolution. For 3D fields, 1024x1024. For 2D field=-of-field.

For 2D data fields, selectinfinestresolution ensures that the texture and the field have the sam
resolution.
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Profile

|& Profile: | [xy>r2¢ ] |

This port is only shown for 2D fields, and specifies the coatéinelation between the profile and
the 2D field.

(x,¥)-¢(X,Y)roords of profile correspond to (x,y) values of field.
(x,¥)-¢.(Y,X)coords of profile correspond to (y,x) values of field.

Slice direction

‘a Shice direction: © = "y 7 z ¢ automatic  adaptive

This radio box port specifies the slice orientation.
X, Y, or z:slice is extruded along the corresponding axis.

automatic:slice direction is computed using all points of the curvee Tomputed slice direction
is used for the entire profile.

adaptive:slice direction on each profile point is computed with themnalrat the point.

Action

‘& Action: create Curve

Creates a new curve object.

Commands

createlmage <image-base-name>

This command creates a 2D image from the slice and adds ietBdbl. The image base name can
be omitted.

1.34 Cutting Plane

The Cutting Planemodule can be connected to any display module derived fviewBase The
module provides a special cutting plane of finite size whiah be rotated, translated, and scaled
interactively. The module then computes the intersectafnall triangles shown by th&iewBase
module with the cutting plane. The resulting line segmergsstored in d.ineSetobject. Optionally,
the module can be used without any input. In this case thesetéon of any surface-like geometry
shown in the main viewer is computed.

Note: Surfaces and tetrahedral grids can be more easily intexs&dth a plane using thintersect
module. This module also provides a Tcl command which carsbkd to export &ineSeibject.
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Connections

Data [optional]

A display module derived fronviewBase e.g.,Isosurfaceor SurfaceView If no input is specified
the entire scene will be cutted with the plane.

Ports

Orientation

|a Onentation: .-‘-‘«xiall Cnrunall Sagittal ”

These three buttons reset the orientation of the cuttingepia the xy, xz, or yz plane, respectively.

Options

|& Options: [~ resample ™ add to result ‘

If resamplées checked, the resulting lines are resampled so that ligeeets of equal length are
obtained. The length of the resampled line segments canjbsted using a separate slider (see
below). If add to resultis checked the resulting lines will be added to an existirmylteobject.
Otherwise, for each cutting operation a new result will beated.

SampleDist

|§ SampleDist: || A [0.42262

This port is only visible if theresampleoption is checked (see above). It specifies the preferred
length of the resampled line segments.

Action

|a Action: Cutl Clear result”

The Cut button actually computes the intersecting lines. Thear resultbutton removes all line
segments from the current result.

1.35 CylinderSlice

This module displays the values of any scalar field on a cglinihe cylinder surface is mapped on a
planar slice and shown in an extra viewer. The cylinder isi$igel by the dragger position. The height
is computed by the length of the diagonal of the bounding dlkedscalar field. The module provides
the same ports a@bliqueSlice Additionally, it allows to save the cylindrical slice to amage. The
image format is selected by the file name extension.
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Connections

Data [required]
The scalar field.

Module [required]
The OrthoSliceor ObliqueSlicethat specifies the dragger plane.

Ports
Cylinder

‘& Cylinder: » |0 v |0 Radius [39.5 ‘

The position of the cylinder center with respect to the baaegand the cylinder radius.

Dragger

‘& Show Dragger: v |

Switches the dragger on and off.

Distance

|§ Distance: D.nnnnnn‘

Display the distance between the cylinder center and theghter of the slice.

Commands

createlmage <image base name>
This command creates a 2D image from the cylindrical view aahds it to the Pool. The image
base name can be omitted.

1.36 DataProbe

The three data probing modulBsintProbe, LineProbe, SplineProlee used to inspect scalar or vec-
tor data fields. They have many features in common so theyem@itied in one section. The probes
are taken at a point (PointProbe) or along a line (LinePr8pdéineProbe) which may be arbitrarily
placed. The controlpoints of the data probing modules deter the locations where the samples are
to be taken. PointProbe has one controlpoint which is thekgpoint, LineProbe has two control-
points which are the endpoints of a line which is subdivided a number of segments given by the
Samples port or by the Distance port, and SplineProbe hasast three controlpoints that define a
spline that goes through the endpoints and approximategdimés in between. The spline curve is
subdivided into a number of segments given by the Samplé®pby the Distance port by which the
sample points are obtained.
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To place the controlpoints within the bounding box of theegiyeometry you can either type in the
coordinates in the port Points (see below) or you can shéftgbints interactively with the mouse.
The latter can be done by turning the 3D viewer into intevacthode and picking and moving the
crosshair dragger of the current point. The plot immedyatehnges if the immediate mode toggle is
set. Usually the sampled values are plotted against theherighe probe line or as a bar in case of
PointProbein an extraplot window If you use more than one data probing module of the same type
all plotted curves will be shown in one plot window.

PointProbe displays the value at the sample point and theriakif material values are set. LineProbe
and SplineProbe display the length of the line resp. spline.

A module of typeProbeToLineSetan be connected to a LineProbe or a SplineProbe module én ord
to save the probe line and the sampled values.

Connections

Data [required]

Can be connected to arbitrary 3D fields. The LineProbe mochrealso be attached to 3D input
objects other than fields such as surfaces or Open Inventonegfey. In this case the LineProbe
doesn’t sample any data but simply measures distances.

Ports

Orientation

|& Orientation: .t’-‘-.:-tiall Cnmnall Sagittall

This port which is used ihineProbeand SplineProbeprovides three buttons to specify the probe
line orientation. Axial probe lines are perpendicular te hy-plane, frontal probe lines are perpen-
dicular to the x-z-plane, and sagittal probe lines are petjpeilar to the y-z-plane. If one of these

buttons is pressed the start and end coordinates of the finetsre set to the minima resp. maxima
of the corresponding axis and to the center of the two axgsepelicular to the probe line.

Options

‘a Options: [ immediate ¥ orthaganal

Theimmediatetoggle determines whether the samples are taken while theatpoints are being
moved or when the motion is finished. If tbethogonaltoggle is on all points are moved in sync,
when the coordinates of one point are changed with the drages port is not shown for module
PointProbe

Evaluate

‘a Evaluate: {* magnitude ¢ all € nomal+tangent

If the probe is connected to a vector field, these radiobatime shown. If thenagnitudebutton
is set the magnitude of the vectors is shown in the plot windéfith the normal+tangent Comp.
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button set you get the normal and tangential componentsasuwes. Setting thall button shows
all components of the vector field as separate curves.

Points

‘s Points: |1 = IU-5 ID-5 IU opticns ”

Here you can see resp. type in the coordinates of all comtitipthe data probing module makes
use of. The options menu lets you toggle whether a draggespheare is shown for the control-
points. You can also append, insert or remove controlpdittiss module is éSplineProbenodule.

Control

‘s Control: * number of samples ¢ zample distance ¢ adaptive

With this radio buttons you can choose which of the following ports are taken to compute the
sample points. This port is not shown for mod&eintProbe If you have chosen thadaptive
button, the module tries to keep the number of samples wraahbe seen in the plot window as
close as possible to the number given with the appropriatersll.e. the more you zoom into the
plot window the more exact are the curves in the plot window.

Samples

‘8 Samples: ﬂl A ﬂIED ‘

This slider allows you to choose the numbers of samples aloagrobe line. This port is not
shown for moduléointProbe

Distance
|8 Distance: I I A |1 ‘

This slider allows you to choose the distance between tweeartive sample points along the
probeline.

Options

‘8 Options: v take average

The averageoption averages the probe values by taking samples on a diglepdicular to the
sampling points and smoothes the sampled values along tingliag line(s). This button is anly
available for a LineProbe resp. SplineProbe module.

Radius

‘S Radius: [/ ~ [3 36526 ‘

The radius of the sampling disk. This slider is only showiné above average option is chosen.

Longitudinal Width

|8 Longitudinal Width: [ 1 [z62411 ‘
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The width determines how many sampling values are used foo#ring. This slider is only shown
if the above average option is chosen.

Plot

a Plot:  Show |

If the Showbutton is pressed plot windowappears where the sampled values are plotted against
the length of the probe lineNote: There will be only one plot window regardless of how many
Line Probe modules there are in your setup. Every line prebegresented in that plot window by

a curve bearing the name of the corresponding module.

Commands

getinterpol
Returns the currently used interpolation method.

setinterpol {none|linear|spline }
Sets the interpolation methodone means no interpolation at all and the sample values are taken
at the controlpoints only.

getOrder
Returns the order of the spline probe.

setOrder <value>
Sets the order of the spline probe.

getPoint [<index>]
Returns the coordinate of the requested controlpéiiolex defaults to 0.

setPoint [<index>] <x> <y> <z>
Sets the coordinates of controlpointiex . Index defaultsto 0.

getSamplePoints
Returns the coordinates of all points where samples aratake

getSampledValues
Returns all sampled values.

setimmediate  {O|1 }

Switches the immediate mode on or off, i.e. data is shownenthi probe line resp. pointis being
moved.

setOrtho  {0|1 }

Switches the orthogonal mode on or off, i.e. all controlp®wf a probe line are moved in sync or
not.

DataProbe 69



getNumPoints
Returns the number of control points of a probe line. In cdsepmint probe 1 is returned.

getLength
Returns the length of the probe line. 0 in case of a point probe

appendPoint <x> <y> <z>
Appends a controlpoint with the given coordinates.

insertPoint <index> <x> <y> <z>
Inserts a controlpoint with the given coordinates asitidex ** point.

removePoint <index>
Removes the given controlpoint.

1.37 Delaunay2D

This module takes a set of 3D vertices and produces a Deldtiaagulated surface with 2D topology.
In order to do so the vertices are projected either into thexa, or yz-plane or alternatively onto a
cylinder or sphere whose axis is parallel to the x-, y-, oxis.aBy default the cylinder or sphere is
automatically positioned so that it matches the center efértices. However thiprojection center
can be defined by the user.

The incoming data object must be derived from a vertex setSettion??. Note that the Delaunay
algorithm may take some time and possibly memory, espgdw@illarge data sets. The closed sphere
or closed cylinder projection mode may imply signifcant iéiddal computation time. If the input
is not of planar topology, like, e.g., a sphere, the resullt pvbbably not be useful. If multiple 3D
vertices project to the same 2D vertex, the result is undefite the latter case, it might be help to
issue gitterPoints 0.001 0.001 0.001 command on the command line.

If the input data set is of typ€lusterand if this cluster has data associated to it than these dhtas/
are converted into one or more surface scalar fields.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The vertex set to be triangulated.

Ports

Projection

|& Projection: | plahe - |
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Lets you select whether the 3D points should be projectedipiane or onto a cylinder or a sphere.
If closed cylindeor closed spherés selected then a closed surface will be created.

Plane

|a Plane: & wp " wz 7 1z

This port lets you select on which plane the 3D vertices ghbelprojected on in case of a planar
projection.

AXxis

‘aﬂxis:r‘x [T OO

This port lets you select the orientation of the cylinder pinexe axis in case of a cylindrical or
spherical projection.

Projection center
|§ Projection center: 33179 [5458  [15289  options

This port let you change the center for cylindrical or sptedrprojections . By default this is the
center of vertices of input data.

Reset projection center

|a Reset projection center:  Origin | Pointz center |

Lets reset the center coordinates to origin (0,0,0) or eestcenter.

Parameters

|& Parameters: y-zcaling |1 max edge length |34.0114 |

The first number defines an optional internal scaling apptetthe 3D vertices. The direction in
which the scaling is applied depends on the selected projettpe. The option is useful if the
3D points are distributed non-isotropically, i.e., if theeeage feature size in different in the three
coordinates.Note that an external scaling defined with the transformmagditor is currently not
taken into account by this module.

The second number lets you specify a maximum edge length ispadbe. Delaunay triangles with
edges longer than this limit are discarded. When compulied@3D edge length the scaling factor
defined by the first parameter is taken into account. When aimgwt is connected and no other
input was connected before the max edge length field is lizitié with half of the average edge
length of the bounding box of the data set. A maximum edgetteafj0 indicates that no triangles
should be discarded.

Commands

setTriangulator {0]1 }
Lets you select the triangulation algorithm. McDelaunagrsvided for compatibility withamira
3.1 and earlier. MeshVizDelaunay (0:default) is a fastgslementation.
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1.38 DemoMaker

Using the DemoMaker module, you can create an animated sequence of operatiogs, e
for automatically running demonstrations or for advancedvie recording.  SelectCre-
ate/Animation/Demos/DemoMakfeom the menu to add a DemoMaker module to the Pool.

Defining and storing a demo sequence

The demo sequence is a setamtionsover a time range as respresented by the modiie’® port.

A wide range of such actions can be defined, e.g. switchingygléovalue on or off, varying the
numerical value of some other module’s port over time, arfihthg breaks to interrupt the automatic
demo sequence.

Actions are defined by first selecting an entry from 8! elementgort. This port lists all GUI
elements of all modules that currently exist in the Pool.egtd¢he ports of the activBemoMaker
module itself.

Once you have selected the right element (or a differenbadyipe like a pause, break, go-to, or an
arbitrary TCL command) from th&UI elementsnenu, additional ports will show up below tksJI
elementport, depending on the type of the selected element (e.geriantoggle, button, ...). Using
these ports, you can define the time (or time range) of theracth theDemoMakerTimeline as well
as the value to which the selected GUI element will be setattime (seeexamplebelow).

When action time and values have been defined, pres&dbéutton in theEvent Listbutton line.
This adds the desired action to the DemoMaker’s list of evaatrepresented by tBwent Listmenu.
Multiple sequential, overlapping, or parallel actions nb@ycontained in one demo sequence.

Once a part of the desired action sequence is defined, sittqpéyisby choosingrile / Save Network...
from the menu.DemoMakelin its current state will be saved along with the rest of thelP&vhen
saving the network, make sure tineslider is in the desired starting position.

Playing a demo sequence

For playing the demo sequence as defined, simply presgrteslider’s play button (triangle pointing
to the right) or press the corresponding function kdy The sequence will run from the current time
step to the end of the demo, or to the next break as defined hystresedefining a breakelow).
The play button will change into a stop button, and presdiag button or pressing thHe3 function
key immediately stops playing. If the demo stops at a usénei@ break, continue by again clicking
the play button or pressirfed.

If the demo is stopped at the beginning or at some user-deffirezk, you can press the function key
F10 to jump to the point of the next break, or to the end of the deSimilarly, pressindg-9 jumps to
the previous break or to the very beginning of the action sage. Once you have jumped to the right
step of the demo, simply press playFt again to play it from there.

If the action sequence is running too fast or too slow, youadjost its speed using thBme port’s
Configureoption (right-click onto the time port, seéine port documentatignNote that the playback
speed can only be adjusted for the complete time range at ¢fnaai want only to change the speed
of only part of the sequence, you must do so by adjusting the tange of the corresponding action
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entries.
Usage Example

Here is a small example to demonstrate the \R@moMakerworks. Loadlobus.am from the
tutorials subdirectory of themira installation directory. Connect adrthoSlicemodule and an
Isosurfacemodule. Create BemoMakely selecting it from th&reate/Animation/Demmenu.

Now your network should look similar to this:

g OB | zosutface [=
ol

All available user interface ports of the modules in the Pd@uld now appear in th@UI element
port of theDemoMakemodule. If not, press thepdatebutton.

Now selectOrthoSlice/Slice Numbdrom the GUI elementamenu. Fields for specifying start/end
values and start/end time appear. Ei@@rand0 as start and end values acand0.4 as start/end
ime:

8 Event:
8 GUI element: Update |OrthoSIice;’SIice Number ﬂ

& Stat/endvalue: |35 o
& Start/endtime: | = [04

Now press theddd button to add this action event to the event list. Press the slider’s play button
to see the demo sequence just specified. You should sé&rtheSliceplane moving during the time
range from 0 to 0.4, but nothing happening in the time range 0.4 to 1.0.

Now select a threshold of 70 in tHeosurfacemodule and pres8pplyto make the surface appear
in the viewer. Now go back tbemoMakey selectOrthoSlice/Viewer mask/Viewerf@om the GUI
elementsnenu, selecbn as the toggle value arti4 as the trigger time:

SE\'ett:

8 GUI element: Update | | OrthoSlice/ Viewer mask/Viewer 0 x|
8 Toggle to value: ™ on ( off

8 Trigger time: |04

Now pressAddagain to add this action to the list. Jump backtby clicking on the time slider. You
should see that when jumping back (from later than 0.4 taezaHan 0.4) thésosurfacds switched
off. Then play the demo from the beginning, and you see tleastinface is switched on right after the
OrthoSlice is moved.
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As another excercise you can create a camera path (Sztate/CameraPator Create/CameraRotate
from the menu and edit the camera path to your liking. Thesgigpdatein DemoMakerand select
CameraPath/Timer CameraRotate/Timas GUI element. Now the start/end value refers to the value
of the camera time slider. Enter the minimum and maximumeshbf that time slider. Enter 0.0 and
0.6 as the start/end time:

8 Event:

8 GUI element: Update | | CameraRotate/ Time x|
& Start/end value: |0 360

& Start/end time: [0 06

Now you see that in parallel to the actions defined beforecaingera path is applied to the scene. Note
that you can execute only parts of a camera path, or condatendtiple paths this way. However,
multiple camera paths cannot be used in parallel.

Connections

Data [not used]
Thedataport is a default script object port, but is not useddmoMaker

Time [optional]
The Timeport is a quick way for synchronizing other modules with Dénader’s Timeport, e.g.
for using theMovieMakermodule or camera path modules likeameraRotater CameraPath

Alternatively, you can use camera path objects vildtmoMakemy selecting these objects’ time
sliders from theGUI elmentport and making it part of thBemoMakeevent list.

Ports
Time

i <o ]

The time slider defines the time range in which the demo sempismplayed, and by clicking on the
slider, one can jump to an arbitrary point of the demo. Cligkone of the play buttons (triangles
pointing to the left/right for backwards/forwards) wilkst playing the demo. Right-clicking on the
port brings up a dialog box allowing you to change the rangbeflider (min/max value) as well
as the increment determining the playback speed (smatieznment means slower playback). For
more information, see documentation of tiree port

Event List (Selection)

|&E\reriljst: ew event> ¥ |
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This menu contains the list of currently defined demo actibasmake up the demo sequence. The
buttons below this menu always refer to the currently setbotenu entry.

Event List (Buttons)

|a Event List- Add | Replace | Remove

Manipulate the event list mentAdd adds the event defined in the lower part of bemoMaker

module to the list of demo action events. When selecting drtleenaction entries from thEvent

List menu, theRemovebutton deletes this entry from the list, and fReplacebutton replaces the
selected entry by the event as defined in the lower part db#raoMakemodule.

Functions

|a Functions: v active | options [ time edi

Activate/deactivate thiDemoMakeiinstance, and show optional parts of BemoMakeruser in-
terface, such as some option ports and some ports for edingme line.

e active: activate/deactivate this module. When deactivated, théuteowill not define any
function keys and not manipulate objects in the Pool. Deatitig is especially important
when using multiple alternatiM@eemoMakerobjects.

e options:display option ports (se®ptions (1) Options (3)below).

¢ time edit:display ports for editing the time line (s&ove from- Time editoelow).
Options (1)
‘a Options: | skipbreak [ skippause [V skip load ‘

This port is only shown when theptionstoggle of theFunctionsport is enabled.

e skip break:do not stop at user-defined breaks when playing the demo segue
e skip pausedo not execute user-defined pause events (no waiting time).

Options (2)

‘& Options: | autostat W function keys ‘

This port is only shown when theptionstoggle of theFunctionsport is enabled.

e auto start: lets the demo start automatically when the network contgitihe DemoMaker
module is loaded.

¢ function keyswhen toggled off, no function keys (F3/F4/F9/F10) will beided when the
network containing th®emoMakemodule is loaded. This is especially important when
combining multipleDemoMakemodules, since only one module can define the function
keys.
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Options (3)

|a Options: W explicit redmw | debug | wait screen

This port is only shown when theptionstoggle of thefunctionsport is enabled.

e explicit redraw: when toggled on, for each time step the active viewers arbogtipcalled
to perform a redraw. If toggled ofgmira’s auto redrawfeature is used. If in some cases the
desired action sequence is not properly displayed in thgerigry togglingexplicit redraw
on.

e debug: when toggled on, the actual TCL commands that are executeéuolgdihe demo se-
guence are output to themira console. This will significantly slow down the graphical
display, but can be used for understanding what exactlyérapim the demo sequence.

e wait screen:enable a waiting image to be displayed during jumps on the tine. This is
only useful if jumping takes considerable amount of timg, &r very long event sequences.
If enabled, thewaiting imageport will appear below this option for specifying the wagin
screen image file.

Waiting image

‘a Waiting image: }‘t-objects;"lmg;’amim_'l5D_red_|:|ng Browse

If the wait screenoption is enabled, this port is used to specify the file namt@fwvaiting screen
image. The image will be displayed during jumps on the tinces!

Move from interval

‘& Move from interval: [0 0 |

This port is only shown when theme edittoggle of theFunctionsport is enabled. Specify the time
interval to be relocated on the time line (ddeving events on the time lineelow).

Move to interval

‘a Move to interval: |0 1] ‘

This port is only shown when thigme edittoggle of theFunctionsport is enabled. Specify the
target time interval for relocation on the time line (9deving events on the time lingelow).

Time edit

‘a Time edit: Move events

This port is only shown when thEme edittoggle of theFunctionsport is enabledMove events:
move all events within thiove frominterval to theMove tointerval on the time line (sekloving
events on the time linkelow).

GUI element

|§ GUI element: Update | [ <select> ﬂ‘
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The selection menu contains all GUI elements in the curreot that can be manipulated using
DemoMaker If the Pool is modified (e.g. by loading a new dataset or coting a new module),
pressUpdateto update the contents of the selection menu.

Additional Ports

Additional ports will appear in thBemoMakemodule, depending on the type @I elementhe
user has chosen. These ports are listed in the followingpsegirouped by GUI element types.

Defining a break

Selecting*Break, continue on keypre$soom the GUI element menu lets you insert a break in the
demo sequence. When playing, the demo will stop at that p@eeplaying a demo sequence
above.

Trigger time
|& Trigger time: |0 |

Defines the pointin time (on the time slider) at which the krisanserted.

Defining a pause

Selecting*Pause, waiting timérom the GUI element menu lets you insert a pause, where timede
will stop and wait for a user-defined amount of time. Pleask tioat such a pause will not be
executed iDemoMakeiis driven by aMovieMakerobject. In such a case, you must insert a pause
by adjusting the time slider range and adapting the timeeafighe action entries.

Trigger time
|& Trigger time: |0 |

Defines the starting point of the pause on the time slider.

Waiting duration
|& Waiting duration- |3 |

Defines the waiting time in seconds. Please note that thesitiraken in addition to the time defined
by the time slider range.

Defining a go-to

Selecting*Go-to, jump to user-specified time st&pm the GUI element menu lets you jump from
the one point in the demo sequence to another point. For deaygu can simply define an endless
loop by jumping back to some previous time step. You can eeadbibp by pressing the stop button
or F3 (seeplaying a demo sequenabove).
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Trigger time
‘ & Trigger time: |0 ‘

This defines the point in time (on the time slider) at whichgbeto is inserted.

Time to jump to

‘a Time to jump to: |0 ‘

This defines the point in time which the go-to will jump to. Fs@ample, to create a loop between
time 0.2 and 0.4, insert a go-to witltigger time0.4 andTime to jump td.2.

Defining a toggle

Toggle actions can toggle certain GUI elements betweenvtbhestateson andoff. Examples for
toggle values are the different options if@ggleList por{/a¢,, or the orangéewer maskoggle(s)
present in every data object or display module (to switctdibplay of the module in the viewer on
and off).

Trigger time
‘ & Trigger time: |0 ‘

This defines the point in time (on the time slider) at which\hkie is toggled.

Toggle to value

‘a Toggle to value: ™ on  off |

This defines the value (on or off) to which the selected GUineet is set at the defined trigger
time, if the demo sequence is played forwards. When playirjgraping backwards, the inverse
value is used.

Defining a button press

Button actions emulate the pressing of a button or execwartpin events with no parameters.
Examples for buttons elements are tBettonList port or inverting the orientation of a clipping
plane.

Trigger time
‘ & Trigger time: |0 ‘

This defines the point in time (on the time slider) at which Itliéton is pressed or other action is
taken.

Modifier keys

|8 Modifierkeys: [~ St I i [ At |
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This defines whethebemoMakershould emulate thaBhift , Ctrl , or Alt is held down at
the time when the button is pressed. The meaning of thesefigrokitys depends on the module
defining the button to be pressed.

Defining a select action

Select actions are used to set a port’s value to one of a sabafes as offered by selection menu
or aradio box

Change from/to value

‘a Change from/to value: | j | j |

This defines from which old value to which new value the polt e switched at the specified
trigger time. When playing or jumping backwards, the twausesl will used inversely.

Trigger time
|a Trigger time: |0 |

This defines the point in time (on the time slider) at whichploet is set to a new selection value.

Defining a numeric action
Numeric actions are used to vary a port’s numerical valumfeostart value to an end value over
time. Examples for numeric ports anemerical slidersr numerical text fields

Start/end value

‘& Start/end value: [0 1 |

The two fields of this port define from which start value to whend value the value of the GUI
element will be varied. The values of this port are consedito the range of the corresponding
GUI element.

Start/end time

|& Start/end time: |0 |1—‘

This defines the time range (on the time slider) during whinehgort value will be varied from the
start value to the end value specified above. When playingnoping backwards, the value will be
varied from the end value to the start value.

Defining a TCL command

When selectingTcl commandfrom the GUI element menu, you can insert arbitrary TCL com-
mands into the demo sequence. Furthermore, likentoneric eventsthe command can be pa-
rameterized by one or more numeric values that will be vaettveen user-defined start and end
values.
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TCL command

‘&Comna‘ldl

Text field for typing the desired TCL command. Within the coamd, special placeholde¥0%
%1%%2%... can be used that will be replaced by numeric values. Tdré and end values for
these placeholders are defined in the ports described below.

Start value(s)

‘& Start value(s): |0.00.00.0 ‘

If the numeric placeholdeé0%s used in theCommandield, specify the start value for this place-
holder. If multiple placeholders are used (e260%and%1%, specify space-separated start values
for all of the employed placeholders.

End value(s)

‘& End valuefs): [0.00.00.0 |

If the numeric placeholdéX0%s used in th&Commandield, specify the end value for this place-
holder. If multiple placeholders are used (e990%and %1% specify space-separated end values
for all of the employed placeholders.

Start/end time

‘& Start/end ime: [0 |1—|

This defines the time range (on the time slider) during whitthdpecified TCL command will be
executed, with the placeholders replaced by values bettieespecified start and end values.

Moving events on the time line

After you have defined some events on the time line, you mayt teamove a part of this event
sequence to a different time, e.g. for inserting more evahgscertain point, or for stretching or
compacting part of the demo sequence.

This can be easily done if you switch on thiene edittoggle of theFunctionsport:
8 Functions: v active | options W time edit

& Move from interval: [0 D
8 Move to interval: |0 0
8 Time edit: Move events

Simply enter the time interval that you want to relocate mNove fromport, enter the destination
time interval in theMove toport, and press th#ove eventbutton. If the new time interval is
outside of the current min/max time, the time slider confégion will be updated accordingly.
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Commands

The following commands are methods of themoMakeiscript object. They can be called exter-
nally by first specifying the name of the script object (e.gniMaker), followed by a space and
the name of the method. Exampl@emoMaker play starts playing the demo sequence.

play
start playing the time slider at its current time step. Thisdtion is called when pressitigt.

stop

stop playing the time slider. This function is called wheagsing=3. Also calles thestop callback
(see below).

jumpNext
jump to the next user-defined break, or to the end of the detnig.flinction is called when pressing
F10.

jumpPrev
jump to the previous user-defined break, or to the start oflédmo. This function is called when
pressing=9.

jump <breakidx>
jump to user-defined break. If jbreakidx¢, is 0, this commailidmove to the beginning of the
demo. Otherwise it will be jumped to the jbreakidxg, 'th break

setEndCallback <cmd>

sets an internal callback function to the specified TCL cedmd>. This code will be executed
only once when DemoMaker reaches the end of the time slidagrw@h an empty string to disable
the callback.

writeDescriptionFile

opens a file dialog, where you can specify a file to which therigtion file should be saved. The
description file is an xml-file containing several predefixed-tags describing the demo. Most
important of these tags are the commands to step througtethe.dThe description file is used to
automatically generate demosequence files and html pagstering the demo.

DemoMaker tips and limitations

Although theDemoMakemodule is quite powerful, some things should be noticed,thatk are
some known limitations that are listed here for convenietfgeu find further important limitations
or bugs, please report them to Mercury Computer Systemmbat$ a bug or feature request.

e The*Load networkaction type for loading a different network file is currentlgt imple-
mented.

e Forbutton action”snapping” a button to automatic update mode is not supporét.
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e GUI elements that are part of@eneric portire not properly represented in tB&Jl elements
menu of the(DemoMakemodule.

¢ |If a DemoMakemodule is renamed (e.g. by selectigdit / Rename..from the menu),
the function key$=3/F4/F9/F10  will no longer work. However, simply disabling and
re-enabling théunction key®ption inDemoMakeihelps.

o If you rename or remove modules after defining events @émoMakerthen events involv-

ing these modules will generate errors. Please propernge your network before using
DemoMaker.

Further links
script object documentatidor script programming.

1.39 Digital Image Filters

Encloses thémageEditoin a compute module.

1.40 DisplayColormap

This module allows you to position a colormap icon in the 3Bwer. This is useful, for example,
to produce snapshots that contain an explanation of whaifgpeolors mean. Note that although
colormaps are ordinary data objectsamira, they often are hidden by default. Use tReol/Show
Objectmenu of the main window to display their icons in the Pool.

Connections

Data [required]
The colormap to be displayed.
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Ports
Options

‘8 Options: | customitest ¥ vertical ¥ rel size ¥ transp. by ‘

This port provides the following four toggles:

e custom text: Enable or disable custom text (see below).

e vertical: Vertical orientation instead of horizontal.

e relative size: Change size of colormap when viewer size changes.
e transparent background: If off, render background rectangle.

Position
|$ Position: » I'B':I I I‘*r':I |

Position of colormap in viewer relative to lower left corndrone of the numbers is negative, it is
interpreted relative to upper right corner.

Size
‘8 Size: length I2DD thickhess ID-'I |

Length and width of the colormap in pixels. If the optim@tative sizehas been selected, the length
and width are interpreted relative to a window size of 10@Ix8If the actual viewer window is
smaller (or larger), then the displayed colormap will be kendor larger).

Custom Text
‘s Custom Text: ID.-"LDW 0.5/Medium 1/High

This is only available if theustom texbption is selected. You may specify a space-separated list
of values to be displayed. In addition, you may specify a ssihg that is displayed instead of
the number by using the '/’ character. The example in the Bretgpve has been generated using
this text: -8/cold 50/hot , Which displays "cold” at value -8 and "hot” at the value 50€t
colormap in this case ranges from -8 to 50). If the label texitain blanks, you must enclose the
text in double quotes, e.dLpO/"very hot"

Commands

getFontSize
Returns the current font size.

setFontSize <points>
Changes the font size. The default font size is 14 points.

setBGColor <color>
Sets the color of the background rectangle which is drawnmvthe transparent background toggle
is off.
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setColor <color>
Sets the color of the text.

1.41 DisplayLogos

This module displays the product logangira) as well as the Mercury Computer Systems logo in the
viewer window. In order to do this, a specific Open Inventa fd loaded that contains transparent
raster graphics files. The user can choose between diffeeesibns, each having a different size.

Internally, theDisplayLogoscript object loads the Open Inventor file and creatdgBisplaymodule.
ChoosePool/Show Alto see these hidden modules in the Pool.

Ports
Logo height
|§ Logo height: |60 - |

Choose the desired size of the logo.

Related Topics
The resource file for this module also defines the global Tielroand

createLogos [size]

to easily display the logos. For convenience, this commaahelsithe newly createDisplayLogos
module in the Pool. The optional argumeize allows you to specify the size of the logo, where
only those values offered in the modulesgo heightport are valid.

1.42 DisplayTime

This module displays the value of a time object in the 3D viewsing a textual or iconic representa-
tion. This is useful for for animations which shall contamiliustration of time. Four major styles are
available: plain text, a round clock, a horizontal time loara vertical time bar.

This module should be connected t@iaeobject. In this case the current time is visualized. Besides
that it is possible to visualize an arbitrary value which barset using the commands of the invisible
portvalue

Connections

Time [optional]
The time object to be displayed.
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Ports

Options

|8 Dptions: © textonly € clock @ horizontal € vertical

This port chooses between the four major draw styles.

Options2

|8 v frame W solid T waluetest W progress bar [ custom best

This port adjusts additional settings influencing the dregviT he last three options are disabled for
thetext onlydraw style.

frame Draw a frame around the time icon.

solid Fill the icon’s background.

value text Show value together with time icon.

filled value Fill space between zero and value.

custom textWhether or not custom text should be displayed (see below).

Position

|8 Pozition: » |3D W |3D |

Position of the time icon with respect to the lower left carokthe screen. If negative values are
entered the icon is positioned relative to the right anddprdf the screen.

Size

‘8 Size: length I180 thickness I':'-1 |

Specifies the length of the horizontal or vertical time bargixels) and relative thickness of the
bars. If a clock is drawnengthrefers to the diagonal, whilécknessis ignored. For text only
display both values are ignored.

Colors

‘8 Colors: _I text _Iforeglound !I background _Iframe

The colors of the various parts of the icon can be set here.

Custom Text

‘8 Custom text: |<unset> |

This is only available itustom texbption is selected. You may specify a space separated list of
values, that shall be displayed. Alternatively you may #fgectext, which is displayed instead of
the number, by using the '/’ character. The syntax is the sasrfer theDisplay Colormapnodule.
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Format

‘& Format: IXEI |

The format for displaying the time value (printf syntax oét6 programming language).

Value

This port is always hidden. It can be used to specify a timaevalhen no time object is connected
(via the Tcl interface).

Commands

setFontSize <points>

Changes the font size. The default font size is 28 pointseidrdanly displays and 14 points other-
wise.

1.43 GetCurvature

This module computes curvature information for a discregmgular surface of typ&urface Either
the maximum principal curvature value, the reciprocal atuxe value, or the direction of maximum
principal curvature can be computed. The algorithm worksibgroximating the surface locally by
a quadric form. The eigenvalues and eigenvectors of thergueim correspond to the principal
curvature values and to the directions of principal cumatdlote that the algorithm does not produce
meaningful results near locations where the input surfageot topologically flat, i.e., where it has
non-manifold structure.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The surface for which curvature information should be cotegu

Ports
Method

|a Method: & ontiangles ¢ on vertices

Radio box allowing the user to select between two differemputational algorithms. Choiamn
trianglesproduces a surface field with curvature values or curvataotovs being defined on the
surface’s triangles. Alternatively, by selectiog verticesa surface field with data being defined on
the vertices can be generated.
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Parameters

‘a Parameters: nLayerz |2 niwerage I‘1r |

The first input, denotedLayers determines which triangles are considered to be neightfaas
given triangle and which points are considered to be neighbioa given point. If the value of this
input is 1, then only triangles sharing a common edge withvargtriangle are considered to be
neighbors of this triangle and only points directly coneeldo a given point are considered to be
neighbors of this point. For larger valuesrdfayerssuccessively larger neighborhoods are taken
into account.

The second input, denotedverage determines how many times the initial curvature values-com
puted for a triangle or for a point are being averaged wittcti@ature values of direct (first-order)
neighbor triangles or points. The larger the valuemateragehe smoother the curvature data be-
ing obtained. Note that averaging only applies to the saalarature values, not to the directional
curvature vectors which are computed when port output ifogeax direction

Output

a Dutput: I'Ia’Eurvalure vI

This menu controls the output of the curvature modulecufvatureis selected then a surface
scalar field is generated containing the maximal principavature of a triangle or of a point. If
1/curvatureis selected then the curvature values are inverted. In #ge the output values have
the dimension of a length, indicating the radius of a sphaeally fitting the surface.

Themean curvaturand1/mean curvaturare similar to the first two options. Here, however, the
mean value of the two principal curvature values is compufBus quantity will be negative in
strictly concave regions and positive in strictly convegioas. It can be zero in regions where a
positive and negative principal curvature cancel eachrothe

The Gauss curvaturés the product of the two principal curvatures. It is negaiiv surface areas
with hyperbolic geometry (convex-concave, like near sadmints) and positive in areas with
elliptic geometry (strictly convex or strictly concave).

If max directionis selected then a surface vector field is computed indigdlia direction of max-
imum principal curvature. The length of a directional vedsoequal to the corrsponding curvature
value.

1.44 GridView

This module allows you to visualize the grid structure of gular 3D scalar or vector field with
stacked, rectilinear, or curvilinear coordinates. Theeasodf the underlying grid can be addressed
using an index triple (i,j,k). Th&ridViewmodule extracts slices of constant i, j, or k index out of the
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grid and displays them as a wireframe model. In principle ntodule may also be connected to a field
with uniform coordinates. However, it will not be listed imet popup menu of such fields.

Connections

Data [required]
The regular field to be investigated.

Ports
Orientation
|& Orientation: ¢ & ki |k al

Specifies whether slices in the ij, ik, or jk plane should sptiiyed. For stacked as well as rectilin-
ear coordinates the indices i, j, and k refer to the x, y, anidecton, respectively.

Geometry

|& Geometry: % coordinates € data values

This port is only visible if the module is connected to a realled 3D vector field. In this case the
grid may be built using thdata valuesnstead of the node'soordinates This is a useful option if
the vector field contains displacement vectors.

Slice

‘& T | — ) |

Allows you to select the constant node index, e.g., the kxiiderientation is set to ij.

1.45 Grouping

This module allows you to define arbitrary groups or surfaizagles and/or elements of tetrahedral
or hexahedral grids. The groups can be used to easily digalglg of more complex objects. The
grouping module can be connected to one or more ordinaryagispodules likeSurfaceView Grid-
Volume or HexaView(in fact any module derived froviewBasewill work). In order to define a
group first select the parts of the object you are interesteing the selection mechanisms provided
by the input modules. For example, in case @wfaceViewnodule different parts can be selected
via the materials menu, via the selection box (buffer sha via 2D lasso selection (buffer draw),
or by selecting or deselecting individual triangles witle thouse. Once the parts of the object you
want to be in a group are visible, select thew groupbutton. Later, this particular display state can
be restored by choosing the group from @Geupscombo box again.

Internally groups are defined in a bitfield (one bit for eadbctable element). The bitfields are stored
in the parameter section of the corresponding data objHdtse objects are saved in the AmiraMesh
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or HxSurface file format after the groups have been definedjtbep definitions are saved too. In
addition, the group definitions will also be included in netlfiles. Note that group definitions may
become invalid if the data objects are modified, e.g., if thmber of triangles of a surface is reduced
using the simplification editor.

Connections

Data [required]
Connection to a display module likeurface View GridVolume or HexaView

Module2 [optional]

Connection to an additional display module connected toesother data object than the first one.
If multiple inputs are connected to the grouping module &ets of all input objects can be grouped
together.

Ports

Groups

|a Groups: IGTDUD'I 'I |

This combo box lists all groups currently being defined. &elg a group from the box causes the
elements contained in that group to be shown, to be addec taielwv, or to be removed from the
view, depending on the value of thetionport (see below).

Action

‘a Action: ™ zhow © add ©© remaove

This radio box defines what happens when a new group is chogbe Groupsmenu. Ifshowis
selected, the elements of the new group become visible dmthalr elements become invisible.
If addis selected the elements of the new group are added to the figemoveis selected the
elements of the new group are removed from the viewoffis selected nothing happens. This last
option allows you to change th@roupsport without changing the view.

Rename

‘ & Rename: I Groupl

This text port allows to rename the current group. By defaeNt groups are calle@roupl, Group?2
etc.

Edit

|& Edit: Mew gmupl Delete grnupl Replace group ||

This port provides three button for creating a new group @ioimig all elements currently being
visible (selected, not highlighted), for deleting the eumtrgroup without changing the selection,
and for replacing the contents of a group by the elementgntlyrbeing visible.
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1.46 HeightField

The HeightFieldmodule offers another method for the visualization of scdkta fields defined on
regular grids, such as stacks of tomographic images. Theadatvisualized by extracting an arbitrary
axial, frontal or sagittal slice out of the volume. This sliis represented as a surface for which the
heights of the vertices are mapped to the data, using a wisahle parameter.

Connections

Data [required]

The scalar or color field to be visualized. If an RGBA colordié&d connected the vertices of the
height field are colored as in the color field. The displacensszomputed from the fields grayvalue
intensity which is computed using the form@s*R+0.59*G+0.11*B

Colormap [optional]
The colormap used to map data values to colors.

Ports

DrawStyle

|& Draw Style: I outlined 'I more Dptinnsl

This port is inherited fronViewBase For a description see there.

Orientation

‘& Orientation: ™ 2xial ¢ Coronal ¢ Sagittal

This port provides three buttons for resetting the slicerttdtion.Axial slices are perpendicular to
the z-axiscoronalslices are perpendicular to the y-axis, aagittalslices are perpendicular to the
X-axis.

Slice Number

|a Slice Humber: ﬂll—} ﬂ|43 |

This slider allows you to select different slices.

Scale

‘a Scale: IA IU |

This slider allows you to select the desired scale for tha-ti@ights mapping. This should be in
the range [-1,1].
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1.47 Histogram
This module computes the histogram of the data values oflardoeld and plots it in a separate plot
window. In addition, the mean value and the standard deviatie printed.

Press thé\pplybutton to start the computation of the histogram and pop eplibit window containing
it.

Connections

Data [required]

The scalar field to be investigated. Regular fields, fieldsedfon tetrahedral or hexahedral grids,
and fields defined on surfaces are supported.

ROI [optional]
Connection to a module providing a region-of-inter8siectRai If such a module is connected,
only the volume within the ROl is evaluated in the histogram.

Labels [optional]
A uniform label field which can be used to restrict the histrgito a certain material.

Ports

Info

‘a Owerall : mean=60.5837 deviation=42 326 rms=?3.9|:|94|

|a In range: mean=E0.5897 deviation=42 326 rms=73 9034 |

Prints the mean value and the standard deviation of all idptda values once the histogram has
been computed. Both info ports are only shown when&pply button has been pressed, i.e. the
histogram has been computed.

Range

|& Range: min |21 mas |243 Flesetl |

Defines the data range over which the histogram is to be cadputheResetbutton adjusts the
data range so that it completely covers the values of thet inigjact.

NumBins

‘& Mum bins: ﬂl T HIEE ‘

Defines the number of bins (intervals) the data range is évidto. The histogram counts the
number of data values falling in each bin. In the case of ettégput values, i.e., bytes, shorts, or
ints, the number of bins is internally adjusted so that alkbiave the same integer width. This is
required in order to avoid aliasing effects.
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1.

Options

|a Options: | nomalized

If the normalizetoggle is set, the histogram is scaled so that its area eqnal9therwise the total
number of counts is shown.

Threshold

‘& Threshold: ¥ above [21 100,00 %

Defines a threshold value and displays the percentage oh@@lues which lie above the given
threshold. The percentage corresponds to the given ramgethfeshold value is shown as a yellow
vertical markerline in the plot window. This markerline da& moved within the plot window by
pressing the left mouse button over the markerline and ngoiito the new position. The new
position is then taken as the new threshold value. The caatipntand display of the threshold
value can be toggled on or off. This port is only shown wherhiseogram has been computed.

Tindex
‘& Tindex: : MV T [30 :24_3555‘

The tindex value defines a reversed threshold value, i.edex of 90 returns the value where 90%
of the data values lie above that value. It is denoted by tbdisd markerline in the plot window.
The computation and display of the tindex value can be tabgieor off. This port is only shown
when the histogram has been computed.

Material

|§ Material: |41 =] |

If alabel field is connected to the parabelsand the input data field is a regular scalar field, this port
provides the opportunity to compute the histogram for ontenie only. Otherwise it is hidden.

48 InterpolLabels

The computational modulaterpolLabelsnterpolates between the slices of a labelfield paralleh¢o t
z-axis. The input must be a uniform label field.

Connections

Data [required]
Input data object of typ&niform label field

Ports

92

Material

|& Materials: I.-’-‘«II 'I ‘
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Choose if you want to interpolate all the labels or just aipaldr one. Note that 'Exterior’ cannot
be selected.

Intermediate slices

|& Intermediate slices ID |

Choose how many intermediate slices should be interpalated default is computed such that a
voxel is as homogeneous as possible.

Algorithm

|a Algorithm: ¢ Bookstein ¢ Distance Field

Two methods are implemented: The computation of an impligiction that minimizes a thin-
plate-spline functional is used to interpolate betweeasesl{Bookstein).

The other method computes the 2D distance field of each slidéerpolates between them.
The Bookstein method takes much longer than the distancenfiethod. It is recommended to run
this computation as a batch job (see below).

Speed

|& Speed: ™ slow © medium © fast

The slow options tries to interpolate every material by treoiBstein method. If this fails, the
distance field method is used. The medium option tries to hiséBbokstein method only if the
dimension of the problem is small enough. The fast optios osdy the distance field method.

Action

‘a Action:  Fun nowl Run batch ”

Pushing these buttons triggers the computation. You casechetween an online computation or a
batched computation. The last is advisable for the comjoutaf the Bookstein method. You can
also just compute the contours for debugging.

1.49 InterpolateLabels

This module adds intermediate slices to a label field, theneterpolating the labels. This is useful
e.g., to avoid stair-case effects in data sets with a laige gistance compared to the slice resolution.

Press thé\pplybutton to start the computation.

Connections

Data [required]
Connects to a label field.
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Ports

Materials

‘a M aterials: IAII "I ‘

You can interpolate for all or for one material only. Muléselected materials can be successively
added to the result.

Intermediate slices

‘& Intermediate slices |2 ‘

For a uniform label field, this port specifies the number oéiintediate slices. e.g., if your input
data set had 5 slices and you would specify 2 here, your resuild have 13 slices.

Attempted slice distance

|& Attempted slice distance: ID.D‘I ‘

For a stacked label field, this port specifies the attempied distance for the interpolated field.
Depending on the actual slice distance in the stacked fialdparopriate number of intermediate
slices is inserted.

Interpolation

‘& Interpolation: & linear ©  cubic

Cubic interpolation will in general generate smoother gisap

1.50 Intersect

Thelntersectmodule shows the intersection of a surface or of the boueslafia tetrahedral grid and
a cutting plane. For each triangle intersecting the plameesskegment is drawn. The plane description
is taken from a slicing module such &sthoSliceor ObliqueSliceconnected to porModule (any
other orangexmira module can be used as wellntersectcan be chosen from the popup menu of
an existing slicing module. It can also be chosen directiynfthe popup menu of a surface or of a
tetrahedral grid. In this case ampty slicing modulés created anthtersectis automatically attached
to it.

The line segments drawn by this module can be exported ilrte getdata object via the Tcl command
createLineSet (see below).

Connections

Data [required]
Surface or tetrahedral grid to be intersected.
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Module [required]
Slicing module defining the cutting plane.

Ports
Line Width

& Line width: [1 ~]|

Defines the width of the intersection lines in pixels.

Line Color

& Line Color: !I

This port defines the color of the intersection lines.

Selection

‘& Selection: CIear”EHterior vl|

This port allows you to restrict the number of triangles lpgimersected with the cutting plane. By
default all triangles of a surface or all boundary triangla tetrahedral grid are considered. With
the Clear button the list of possible triangles can be resetted. Afeds triangles adjacent to a
particular material can be added again by choosing thatriabfieom the port’s option menu.

Lines

This port is only available if the module is connected to eate¢dral grid. It specifies whether only
intersections with boundary triangles will be shown oriiséetions with all triangles of the grid.

Commands

setColor <r> <g> <b>
Sets the color of the intersection lines.

createLineSet

This command exports the set of currently visible line segim@to aLineSetdata object. The
LineSebbject will be added to the Pool. It then can be written intdeadi can be processed further
in some other way. Individual line segments will be sorteduch a way that polylines consisting
of as many vertices as possible are obtained.

1.51 Isolines

This module computes isolines for an arbitrary 3D scalad fiel a 2D cutting plane. The plane itself
is defined by another module which must be connected tododule Isolines are computed using
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two different algorithms depending on the type of the inaognscalar field. If the scalar field is
defined on a tetrahedral grid then all tetrahedra intersgttie plane are determined first. The straight
isoline segments are generated for these tetrahedra augéodhe requested threshold values. If the
incoming scalar field is not a tetrahedral one then the fieddimspled on a regular 2D raster first. Each
rectangular cell of the raster is then checked for isolihgste, that this approach may lead to artifacts
if the sampling density is too low.

To execute a demo script illustrating the isoline modulekctiere.

Connections

Data [required]
Scalar field for which isolines are to be computed.

Module [optional]
Module defining cutting plane used for isoline computation.

Colormap [optional]
Colormap used for pseudo-coloring. If no colormap is coteckall isolines have equal color.

Ports
Spacing

|a Spacing: © uniform ™ explicit

Control how isoline thresholds are being defined.uhiform a certain number of isovalues are
distributed equidistantly within a user-defined intervéth explicit mode the threshold for each
isoline has to be set manually.

Values

|& Values: ID |3 LI |5 ‘

In uniformmode this port contains three text fields allowing the usefetine the lower and upper
bound of the isoline interval as well as the number of isalibeing computed in this interval.

Values

‘3 Values: [0.75 2.25

In explicitmode an arbitrary number of blank-separated thresholdsatan be defined in this text
field. For each threshold a corresponding isoline is digday

Parameters

|& Parameters: resolution |'|28 lime width |2 ‘

Theresolutionvalue determines the resolution of the sampling raster f@etbmputing isolines.
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This parameter is ignored if the incoming scalar field is defion a tetrahedral grid and thesam-
ple option is off. The second input of this port determines thdtivof the isolines in pixels.

Options

|& Dptions: [ update min-max [ resample

Two toggle buttons are provided. update min-mais set then the isoline thresholds are automat-
ically reset to some default values whenever the data rahtfeeancoming scalar field changes.
The toggle calledesampleallows you to compute isolines using the resampling apgreaen if
the incoming scalar field is defined on a tetrahedral grid.

Colormap

Broomrf M W[ |

Port to select a colormap.

1.52 Isolines (Surface)

ThisIsolinesmodule computes isolines for a scalar field defined on a sairfeade of triangles. Inside
the triangles the scalar field is linearly interpolated & gtalar field contains values for every node.
If the field contains values for every surface triangle othig, isolines will follow the triangle edges if
the values of the neighboring triangles are appropriate.

Connections

Data [required]
A scalar field defined on 8urfacecan be connected to this port.

Colormap [optional]

A colormap is used to map the values represented by the ésolmma corresponding color. If no
colormap is connected, a constant color is used. SeeCakomap

Ports
Spacing

‘& Spacing: ¢ uniform ™ explicit

Controls how isoline thresholds are being defineduiformmode a certain number of isovalues
are distributed equidistantly within a user-defined indéérin explicit mode the threshold for each
isoline can be set manually.

Values
|a Values: |5U |1DD Aum |3 ‘
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In uniformmode this port contains three text fields allowing the usefetine the lower and upper
bound of the isoline interval as well as the number of isaibeing computed in this interval.

Values
‘3 Values: [50 75 100

In explicitmode an arbitrary number of blank-separated thresholdsatan be defined in this text
field. For each threshold a corresponding isoline is diggay

Parameters

|& Parameters: line width |2 |

The input of this port determines the width of the isolinepiixels.

Options

|a Dptions: [~ update min-max

If update min-mais set then the isoline thresholds are automatically ressbine default values
whenever the data range of the incoming scalar field changes.

Colormap

Bowmw I [ |

Port to select a colormap.

1.53 Isosurface (Regular)
This module computes an isosurface within a three-dimeasiscalar field with regular Cartesian
coordinates.

Very high-resolution datasets can be downsampled to retheceumber of polygons being produced.

In addition, an internal polygon reduction method is preddhat merges certain triangles of the orig-

inal triangulation. This way, the number of triangles camdstuced up to 50%. A second independent
scalar field may be connected to the module. This field detexstiow the isosurface is colored. If no

color field is connected to the module the isosurface hagaonsolor.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The scalar field defined on a regular 3-dimensional grid.

ColorField [optional]
Arbitrary scalar field which is mapped onto the isosurfadagipseudo-coloring.
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Colormap [optional]
The colormap is used for pseudo-coloring the isosurface.

PointProbe [optional]

If this port is connected to RointProbemodule as isovalue the value at a certain point within the
scalar field will be chosen. For details SeeintProbe

Ports
Draw Style

‘a Draw Style: I shaded 'I more nptionsl

The draw style port is inherited from clagiewBaseFor a description of this port sekere

Colormap

‘& Colormap: [eoa s s o s o a ma a ma ] |

In case a colormap is connected to the isosurface modusegcttormap will be shown here. If no
colormap is connected to the module the port’s default dslosed. To change this color, click into
the color bar with the left mouse button. This will bring ugttolor selection dialog. To connect
the port to a colormap, use the popup menu under the rightertmutton. See alsGolormap

Buffer

|§ Buffer: #dd| Remove| Clear| ShowMide| Draw ”

This port must be enabled explicitly with the commadsadsurface showBuffer . For a de-
tailed description see théewBasedocumentation.

Threshold

‘& Threshold: |5, [ |

Determines the value used for isosurface computation. lTdher $s automatically adjusted to cover
the whole range of data values. For CT data, use a value ofte28Rtract the skin surface or a
value of about 150 to extract the bone structures.

Options

|& Dptions: W compactifv [~ downsample

If the compactifytoggle is set, up to 50% less triangles will be produced, ta@sults in a slightly
shifted surface. This port further allows you to enajidevnsamplingsee below).

Sample Factor
‘a aﬂwer.al_:pe::--:l2 y|2 z|2 |

This port only appears downsamplings enabled. It allows you to specify a sample factor for each
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of the three main axes. The factors determine how many ofriganal grid points in each direction
will be merged into one.

1.54 IvDisplay

ThelvDisplaymodule renders an object containi®@gen Inventogeometry data.

Connections

Data [required]
Connect a data object of typeDatato this port.

Ports
Draw Style

& Draw Style: IShaded VI

This port provides a menu to select on of three draw stylesrider theDpen Inventogeometry.

1.55 IvToSurface

The IvToSurfacecomputational module parses the connec@gen Inventor scene gragl®©pen In-
ventorgeometry data) and converts it into the surface format. iBhikone when you press ti#eply
button. A green icon name&@eometrySurfaceepresenting the generated surface should appear in the
Pool.

If no data object is connected, all geometry currently @igptl in the first viewer is converted.

Duplicated points are removed during the conversion. Ragdid points are points with a distance less
than the diameter of the bounding box times the giRetative Tolerancéactor.

Connections

Data [required]
Connect a data object of typeDatato this port.

Ports

Relative Tolerance

‘a Relative Tolerance: |1e-005 |

Factor to determine duplicated points.

100 Chapter 1: Amira



Options

‘a Options: [ create edges and connectivity [ create color field

If the create edges and connectivitgtion is set, the triangle connectivity of the Surface datmat
is filled.

The create color fieldoption controls whether an additional vector field contagncolor values is
created from the Open Inventor data that approximates fhigsdimaterial properties. This data
can be used as@olorField when displaying the geometry.

1.56 LabelVoxel

The LabelVoxelmodule provides a simple threshold segmentation algoréppiicable to CT or MR
image data. The method is also suitable for binary segmentaf other gray level images. Up to
five different regions separated by four different thredsalan be extracted. For CT images the four
regionsExterior, Fat, Muscle andBoneare predefined. However, the name of these regions as well as
the corresponding thresholds may be reset by the user.

In order to find suitable thresholds an image histogram shgwie (absolute) number of occurrences
of voxel values and the current partitioning of the gray ealange into the segments is provided. In
this histogram several peaks can be identified more or lesslgl e.g., the ones for fat and muscle. The
corresponding threshold or segment boundary should be gt eninima between successive peaks.
The histogram window pops up by clicking on tHésto action button, adjustments made by moving
the value sliders are shown (almost) immediately. You mangle the histogram layout (scales, plots
of lines and curves, colors) using tiject Editorwhich pops up when you seleetit Objectsin the
Edit menu of the histogram window. For more details please reftéraPlot Tooldescription.

Segmentation starts when you click on theply button. Before doing so several options may be set.
These options are described in detail below. The segmentegsults are stored ad -abelFielddata
object. You may use thenage Segmentation Edittr further process this object.

Connections

Data [required]
Image data to be segmented.

Ports

Regions

‘& Regions: IEHterior Fat Muscle Bone

This port lets you specify the names of the different regionse segmented. Between two and five
regions may be specified. The individual region names museparated by blanks.
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Exterior-Fat

|& Exterior-Fak: ﬂll—} ﬂl -250 |

Lets you set the threshold separating the first and secoiahreg

Fat-Muscle

‘& Fat-Muscle: ﬂI_IT_I ﬂI-SD |

Lets you set the threshold separating the second and tlgiaire

Muscle-Bone

‘a Muscle-Bone: ﬂl|—: ﬂl 100 ‘

Lets you set the threshold separating the third and fougione

Options

‘& Options: [ subvosel acouracy [ remove couch M bubbles

Togglesubvoxel accuracgauses certain weights to be computed, indicating the deafreonfi-
dence of the assignment of a voxel to a particular regions Trfformation is used by the surface
reconstruction algorithm to create smooth boundary sasfac.f. theSurfaceGemodule. If no
weights are present quite blocky surfaces occur. Note tleéghts can also be defined using the
smoothing filter of thdmage Editor

The second optiomremove couchmay be used for medical CT images if parts of the couch the
patient is lying on are falsely classified as muscle or bomepdrticular, the biggest connected
component of voxels not assigned to the first region Exerior, will be detected. Then all voxels
not contained in this component will be assigneéberior.

Finally, if option bubblesis set an algorithm similar teemove coucls applied in order to detect
bubbles or lung tissue inside the patient. Because of tbeirihtensity values otherwise these
regions would be assigned Exterior.

Action

& Action:  Histo |

TheHisto button makes a window pop up showing a histogram for the impage data.

1.57 LandmarkSurfaceWarp
This module deforms a vertex set object using a number o§ gdicorresponding points, which are

represented by hBandmarkSetThe warping methods and the meaning of the ports are the aaine
the LandmarkWarpnodule. Please refer to its documentation for details.
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1.58 LandmarkView

This module displays &andmark se&s small spheres, or in case of medical markers shows a specifi
geometry.

Connections

Data [required]
The landmark set to be displayed.
Box [optional]

The bounding box of the associated image data. The box isaskdermine the projected positions
of the landmarks.

Ports
Point Set
‘& Point Set: | Both - |

You may select whether only the first, only the second, oraithipsets are shown.

Lines

‘a Lines: [ show |

Display lines connecting corresponding points in the fingt second set. This option is only present
if the input contains two or more point sets.

DrawStyle

|& Draw style: [ points | projections

Landmarks can be displayed either as spheres or as simpits pohis is selected in the first radio
box. If the input contains a large number of points (seveusaldned, or thousands), point style can
significantly improve display performance.

In the second box, the projected positions are displayedesson the bounding box boundary.
The box is either taken from the connectiBax or computed from the landmarks.

Size

Bs=l = ]
Size of displayed spheres or points.
Complexity

‘3 Complexity: [ 7 [0.25 ‘

The larger this value is, the nicer the spheres look, butdWwel the rendering speed is.
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Commands

setColor <set> <r> <g> <b>
Set rgb color for one landmark set (all color values in theyeabetween 0 and 1).

setColor <set>
Get rgb color for one landmark set.

setLineColor <r> <g> <b>
Set rgb color for connecting lines.

getLineColor
Get rgb color for connecting lines.

getLineWidth
Get line width of connecting lines.

setLineWidth
Set line width of connecting lines.

1.59 LandmarkWarp

This module deforms a 3D uniform scalar field (e.g., imag@)asing a number of pairs of corre-
sponding points, which are represented hyaadmarkSet

Three different transformation modes are offer&igid transforms the input image by applying a
global translation and rotationBooksteinuses so callethin plate splinegproposed by Bookstein.
Flow uses scattered data interpolatiddooksteinmode guarantees that all landmarks will be trans-
formed exactly to their corresponding points. This is net¢hse for the two others. In all three modes
nearest neighbor interpolation is used for resampling.

Press thé\pplybutton to start the computation.

Connections
Data [required]
The LandmarkSetwhich defines corresponding points. It must contain at 2asts of landmarks.

ImageData [optional]
The data set (3D uniform scalar field), which is to be transfed.

Master [optional]

If this port is connected to a uniform scalar field, the ouffrlt! will have the same bounding box
and resolution as the master.
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Ports

Direction

‘& Direction: & 152 (251

Select whether points in the first set are to be moved towdreis torresponding points in the
second set, or the other way round.

Method

a Method: |F|DW vI

See description above.

Premultiply Rigid

‘a Premultiply Rigid: [ ‘

Perform aRigid transformation followed by the nonrigllow transformation.

Export Displacement Field

|§ Export Displacement Field: [~ |

Export a displacement field which is defined on the output Gtiglipu: — Tinpue). The data type
of the output is given by the input data type. Usually you wékd to convert the input to float first
(useCastFiely.

Beta

‘& Beta: || A ||4 |

Only available in Flow mode: The larger this value is chosba,more local and the less smooth
the resulting transformation becomes. On the other hanbeta=0, the transformation is constant.
In detail the basis function used in the flow method is

f(p1,p2) = exp(- d(pl,p2) * beta).

Norm

& Morm: m

The norm to measure the distance inflbgvalgorithm. Either the L1 norrd(pl, p2) = |21 —22|+
|yl —y2|+ |yl —y2]is used or the L2 normd(p1, p2) = sqrt(|zl —z2|? + |yl —y2]2 + |yl —42]?).

1.60 LatticeAccess

This module can be attachedamira data objects providinglaatticeinterface. The atticeinterface is
designed to access large data sets in a block-by-blocldiasim different resolution levels. However,
manyamira modules require data sets to be stored completely in mermbelLatticeAccessodules

LatticeAccess 105



makes is possible to use such modules by converting a subbfa large volume into a traditional
memory-resident data object.

You may select the subblock either by typing numbers in thiéspiy by using a dragger in the viewer.
Additionally, it is possible to request a subsampled versibthe data. Depending on the actual data
object providing the attice interface lower resolution levels are stored on disk anchtriig accessed
rather quickly or they are calculated on the fly, which migliket some time. After selecting a subblock
you should press thiead button. A memory-resident data object is created and filléd the data
from disk. All standard visualization techniques may novabpelied on the subblock.

Press the\pply button to load the subblock. If you check thato-refreshbox, the subblock will be
immediately reloaded once the selection has been modifieid.ig useful for interactively exploring
a large volume.

Connections

Data [required]
A data object providing &atticeinterface.

Ports

Info

‘3 Info: size of block: 128 128 34‘

This port displays the size of the subblock to be loaded.

Dataset

‘& Dz-laset:ll'\"lain vl ‘
If the input object provides multiple data sets this pordwah you to select the data set to be con-
verted into a memory-resident data object.

Box min

|§ Box min: i [0 ijo k|0 |

The lattice index of the lower corner of the subblock.

Box size

|§ Box size: i | 128 if128 k [84 |

The size of the subblock to be loaded. The size is in lattickces in the base resolution. The
numbers will not change if you select subsampling but thésiee of the subblock to be loaded
will change. This is indicated in thafo port.
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Options

|& Options: [~ hide dragger [~ subsampls

Hides the dragger and/or enables subsampling.

Subsample

|& &beﬂ'q:lle:xlxi ylxi z|4 ‘

The number of voxels to be averaged in each dimension, ifssnpkng is enabled.

Timestep

8 Tmesep: < »|P |
If the input object provides time-dependent data, this ptoivs you to select the time step to be
loaded.

1.61 LegoSurfaceGen

This module reconstructs a surface from a label field likd&@Gen, but the surface exactly matches
the voxel boundaries. Useful for special purpose appboatand for development.

Press thé\pplybutton to start the computation.

Connections

Data [required]
Connection to input label field.

Ports

Options

|a Options: [ add border

Same behavior as the corresponding option in the Surface®enle.

1.62 LineProbe

See SectioData Probindor detalils.
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1.63 LineSetProbe

This module samples an arbitrary 3D field at the vertices biheSet Since line sets can consist of
many lines every line of a line set is represented as at lewstorve in the plot window according to
the dimension of the inspected field resp. to the state dEtladuate port(see below).

The sampled values can also be saved into a copy of the imgusdit.

Connections

Data [required]
Can be connected to arbitrary 3D fields.

LineSet [required]
The connected line set contains the probe line(s) wherestmples are taken.

Ports

Evaluate

|a Evaluate: f* magnitude © all  nomal+tangent

If the probe is connected to a vector field, these radiobataye shown. If thenagnitudebutton
is set the magnitude of the vectors is shown in the plot windéfith the normal+tangent Comp.
button set you get the normal and tangential componentsasuwes. Setting thall button shows
all components of the vector field as separate curves.

Options

‘& Options: v take average

The averageoption averages the probe values by taking samples on a diglepdicular to the
sampling points and smoothes the sampled values alongtiiag line(s).

Radius

‘& Radius: [/ ~ [3 36526 ‘
The radius of the sampling disk. This slider is only showin& bove average option is chosen.

Longitudinal Width

|a Longitudinal Width: I I - |2.E24'|'| ‘

The width determines how many sampling values are used foo#ring. This slider is only shown
if the above average option is chosen.

Samples

‘& Samples: ml Storel

108 Chapter 1: Amira



If the Showbutton is pressed plot windowappears where the sampled values are plotted against
the length of the probe line(siNote: There will be only one plot window regardless of how many
LineSet Probe modules there are in your setup. Every linesdte is represented in that plot
window by at least one curve bearing the name of the correpgmodule.

Pressing th&torebutton stores the sampled data in a copy of the input lineset.

1.64 LineSetView

This module visualizes data objects of tybi@eSet Individual lines may be displayed in wireframe
mode. Alternatively, simple shapes like triangles or sqaanay be extruded along the lines. In this
way true three-dimensional tubes are obtained. Additifealires otineSetVievare pseudo-coloring
and the display of little spheres at each line vertex.

In order to colorize, scale and twist the displayed lines [tossible to use one of tliata variables
those are all additional data values of the line set objectrgper vertex and the connected scalar
fields. The latter will be sampled at each line vertex whemwihes to displaying it.

Connections

Data [required]
The line set to be displayed.
ROI [optional]

Optional connection to an object providing a region-oenset. Only line segments inside this
region will be visualized.

ScalarField1 [optional]
Optional connection to a scalar field which can be used toénfte coloring, scaling, twisting etc.

ScalarField2 [optional]
Optional connection to a scalar field which can be used toénfte coloring, scaling, twisting etc.

ScalarField3 [optional]
Optional connection to a scalar field which can be used toénfte coloring, scaling, twisting etc.

Colormap [optional]
Colormap used for pseudo-coloring.

Alphamap [optional]
Alphamap used for assigning transparency values.
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Ports

Shape
|8 shape: Rl

Determines how the lines will be displayed.Lihesis selected a simple wireframe model will be
created. The other menu entries denote 2D objects whiclbeiéixtruded along the lines in order
to obtain three-dimensional tubes.

ScaleMode

|& Scale Mode: |Constant = |

If data variables are available this menu allows you to $elee such variable which will be used
to scale the diameter of the three-dimensional tubes. Ifdditianal data values are present only
Constantscaling will be available.

ScaleFactor

‘& Scale Factor: |17, [01 ‘

Additional factor used to adjust the diameter of three-disienal tubes. This factor has no effect
if shape has been setltines

RotateMode

|& Rotate Mode: | Scalafield | | Signed Strength  +| | First Paint | |

Controls the way how the three-dimensional tubes can béeshround their axis. This can only
be adjusted if shape has not been sétites

The first menu is set thlo Rotationby default. Setting it taConstantwill allow to rotate all lines
with the same speed. Following, there will be one entry faheavailable data variable. Selecting
such an entry influences the rotation as defined with theviatigp two menus.

The second menu controls the direction and strength of tfagioa. With the third menu one can
define at which line point the value shall be evaluated.

RotateFactor

‘& Rotate Factor- |/ A [180 ‘

Changing the value of this slider causes the lines to rofatemating this slider gives best results.

TwistMode

|a Twist Mode: |C0nstarrt j |;'-‘\.ccumu|ate Twist Values ﬂ ‘

Controls the way how the three-dimensional tubes can beddvisround their axis. This can only
be adjusted if shape has not been sétites
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The first menu is set tblo Twistby default. Setting it taConstantwill allow to twist all parts of
the line with the same amount. Following, there will be ongyefor each available data variable.
Selecting such an entry influences the strength of the twist.

SelectingAccumulate Twist Valueis the second menu causes the selected twist variable to be
accumulated along the line before usage.

TwistFactor

|& Twist Factor: |/ A [0.05 |

Changing the value of this slider adjusts the amount of twist

ColorMode

‘a Color Mode: |Scalarfield ﬂ |ND Alpha ﬂ |Per Wertex j |

If data variables are available this menu allows you to $@ee such variable which will be used to
lookup vertex or segment colors.Nfo Colorhas been selected the lines or tubes will be displayed
in uniform default color. This color may be changed usingégbhmmandsetLineColor . The
following two menus will only be available if coloring hasdrechosen.

The second menu controls transparency mapping. SHle@&lphafor opaque lines. Sele&ol-
ormapto use the alpha values of the colormap. If data variablepr@@®ent, the following entries
refer to the alphamap.

The third menu controls how to assign color values.

If you selectPer Vertexcolor mode, additional data values are assigned to eacéxverhis will
generate a smooth coloring along the line in contrast todhevwing two options of this menu.

If you selectPer Segment Use Firgblor mode, each line segment will be assigned the value of it
first vertex, and the last vertex value will be unused.

If you selectPer Segment Use Lasblor mode, each line segment will be assigned the values of it
second vertex, and the first vertex value will be unused.

Spheres
|8 spheres:  [Comton ] |

By defaultNo Spheress selected. Changing this selection causes a sphere telaytd at each
line vertex. Constantwill display the spheres with a constant radius. Followitngre will be one
entry for each available data variable. Selecting such &1y eauses the sphere radii to be scaled
according to the selected variable.

SphereScale

‘a SphereScde:lI& |D.1 ‘

Additional factor used to adjust the size of the spheress Tdgtor has no effect iNo Spheress
selected.
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SphereColor

‘3 Sphere Color: | Scalarfield v | | Scalarfield - | ‘

Similar to portColor Mode but affects the sphere colors instead of the line colors.

Colormap

(8 colomep: [T [

Optional colormap.

Alphamap
|8 Aphamap: [0 PRI (2|

Optional alphamap.

Commands

setLineColor <color>
Lets you adjust the default line color which is used if colarda is set tdNo Color. The color may
be specified as an RGB color triple or as a X11 color name.

setSphereColor <color>
Lets you adjust the default sphere color which is used if spbelor mode is set thlo Color. The
color may be specified as an RGB color triple or as a X11 colorea

setLineWidth <width>
Lets you adjust the width of the lines when selected shapmés

setStripeColorMapping <mode>

This has only effect if selected shape is haotes Three-dimensional tubes can have stripes with
different coloring on them. This enhances the perceptidwist and rotation. Setting this mode to
1 enables red stripes along the tubes. Setting this mode #&p2 the color values according to the
colormap onto the stripes.

1.65 Measuring

This module provides access to two-dimensional and thimestsional measuring tools. The idea is
to click directly into the rendered scene and draw. The 2stdaw anywhere in the viewer window,
whereas the 3D tools work only on geometry displayed in teever.

You can access the tools via thfeew/Measuringnenu or via the measuring tool button at the top of
the viewer. Click on the tiny triangle at the lower right cerrof the tool icon to display a pulldown
menu from which you can select the desired measuring tobBl:0f23D line, 2D or 3D angle, and 2D
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or 3D text). To change the position of a selected tool, clickoae of its red handles and drag it to a
new location.

Every tool has attributes (visible, locked, render in frdexkt, color, line width, and font size) that are
accessible via th&oolsport of theMeasuringobject which was created in the Pool.

Ports
Add

[8 At 81 [coe] (o) (1o

You can add dine, anangle or atextstring in 2D or 3D.

Tools

] 2D Length = B0.95

B [ 30 Length=25.21

& O O 2DAngle =432

& O [0 0Ange=128

@& [ [0 30 Test = Sample Annotation

G line: width font size Delete

Each tool is displayed as a row in the toolbox. The columne hlag following meaning (from left
to right):

=
=

a= Nyl

e visible Click on the eye icon to toggle visibility of the tool in théewer. When the eye
is empty, the tool is invisible. Click and drag over multiptavs to toggle the visibility of
multiple tools.

e locked Click on the padlock icon to lock/unlock the tool. When tredock is locked, the
tool is locked and can’t be modified in the viewer. Click andgliover multiple rows to
lock/unlock multiple tools.

e render in front Click on the render-in-fronticon to toggle whether thelis@lways rendered
in front of the scene and no longer hidden by objects that eagen to the camera. It also is
always pickable. Click and drag over multiple rows to chatingeicon for multiple tools.

e type The fourth column indicates the type of the tool (2D lengtic,).

e text The fifth column displays the value of the measured quantitguble clicking on it
allows you to change the display format for numerical valee®l the text string for text
tools.

If you select a tool in the toolbox, it is highlighted in theewier with red squares (handles) that
you can drag using the mouse. You can select more than onattti@ same time. With the color
button, the line width dropdown menu and spin box, and thése spin box, you can change the
appearance of the selected tools. The line width affectsieethe of red tool handles as well.

With the Deletebutton you can delete the currently selected tool(s).

Measuring 113



1.66 Merge

This module works on any 3-dimensional field on rectilineasrclinates and merges the input data by
interpolation.

Merging

Proceed as follows: AttachMergemodule to an input field. For additional inputs, right-click the
white square on the left side of tiMergemodule’s icon, select an input item, and drag a connection
to a data icon. Input fields can have an arbitrary transfaonat which case the result field will have
an axis aligned that spans the bounding boxes of the inpdsfifihe voxel size of the result field is
determined by the first input. At locations within the resgtvolume where none of the input fields
are defined voxels are initialized with zeros.

For image data, you have the choice among varioiespolationmethods:
e Nearest Neighbochooses for every new voxel the average value of the inputlsmearest to
it.
e Standardinearily interpolates between the surrounding voxels.
e Lanczosds the slowest but most accurate method and approximatesdss filter. If you have

time and want to get the best result, use this one.
For label fields, this port is hidden and alwdysarest Neighbois used.
Choose an additionalptionand press thépplybutton.

Merging in progress

While merging, the progress bar at the bottom of BPreperties Areandicates the percentage of
merging that is done. You may cancel the merging any time bgging the stop button on the right of
the progress bar.

Connections

Data [required]
The first data field to be merged.

Lattice* [optional]
Additional input data.

Ports

Interpolation

‘& Interpolation: IStandard 'I ‘
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The interpolation method that will be used.

Options

‘& Options: ¥ blend [T use existing result

Optionblendcontrolls the merging process. If this toggle is disabledyxel value of thefirst data
fieldis used if such exists at a given location. Otherwise, a tesillie will be calculated from the
additional input data. If this toggle is enabled, resultresl are always interpolated.

Use the second optiamse existing resutb overwrite an existing result. ifse existing resuls not
set, a new result object is generated.

1.67 MovieMaker

This module can be used to create an MPEG 1 movie or an animetiosisting of a series of 2D
images in TIFF, JPEG, or PNG format. The module requirésia objectas input. When creating
the movie, the module iteratively sets the time value, finesitetwork so that other objects can adjust
themselves, and takes a snapshot of the viewer window. Tdgeskots are appended on-the-fly to
the specified MPEG file. In order to create an initial time objaat a movie maker module can be
attached to, choosemefrom the main window'SCreatemenu.

Connections

Data [required]

Connection to a time object. It is not required that the catedtime is defined in seconds or in
any particular unit. Instead the number of frames and thadreate are specified (see below). For
example, if 100 frames are to be recorded, the connectedisimeved from its minimum values
to its maximum values in 100 steps.

Ports

Filename

|a Filename: I.famirax’datax’moviefimageﬂﬁﬂ_ipg Bmwsel

The name of the resulting movie or image file(s). In order tilena series of TIFF, JPEG, or PNG
files, specify a filename with the suffikf, .jpg, or .png To create an MPEG movie specify a file
with the extensionmpg. On Microsoft Windows it is also possible to specifyifor creating AVI
movies. The filename should contain a series of hash nigitis The hash marks will be replaced
by the actual frame number. You can also choose the outpuiafiovia the file dialog which pops
up when theBrowsebutton is pressed. If no filename is specified, no movie canmésged.

Frames

|& Frames: ﬂl iy ﬂ|2DD |
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The number of frames to be recorded. This value has nothidg teith the range of the connected
time object. If the input time is already defined in seconds$idgou don’t want any scaling, then

the number of frames should be set to the number of secondie diite object times the desired
frame rate.

Frame rate

‘& Frame rate: ﬂl iy ﬂ|24 ‘

Specifies the desired frame rate. It depends on the partituoiaie player if the specified frame rate
is actually achieved when playing tiMovie.

Frame rate

|a Frame rate: I 24 'I ‘

Some movie file formats are only capable of storing moviepéetsic frame rates. In that case this
port is shown with all possible rates of the requested format

Compression quality

|a Compression quality: Il O ID.B |

This portis shown if a lossy output file format was chosenlldies you the adjustment of the degree
of compression. Small values indicate high compression@mdjuality, high values indicate low
compression and high quality.

Type

|a T_',IDBZ f" oo G stereo

The moviemaker is able to create monoscopic and stere@sempiies. Set up the movie type here.

Format

|& Format: f+ RGB (" RGBEA ‘

This port specifies the pixel format of the screenshotsREBAIs chosen, the screenschots are
generated with an 8-bit alpha channel blending out the sbbaokground. Using the alpha feature
has the advantage of smaller image files on complex scengtmcids (gradient). The second
advantage of movies containing an alpha channel is that@amelwose another scene background
during movie playback. Note that not all image or movie filenfiats are capable of storing a fourth
channel. To create alpha image files choose the suiffisince TIFF is capable of storing alpha
channels. The disadvantages of alpha movies are slowergiyspeed on some architectures and
larger data files on non-complex backgrounds (uniform).

Tiles

‘& Tiles: % |2 v |2 ‘

In order to create movies with a higher resolution than threest, specify the number of tiles to
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render in each direction. Since the anti-aliasing feat@iteeformer MovieMaker is gone, you can
create high resolution single image files and downsampta thea batch to get smooth edges.

Size

‘& Size: % Current ¢ WHS/PAL  WHSANTSE € Inpub s |

Radio box allowing you to adjust the size of the recorded iesadf currentis specified, the current
viewer size adjusted to multiples of 16 pixels will be us&tHS/PALmeans 720 by 576 pixels.
VHS/NTSGneans 640 by 480 pixels. Finally, lifiput XxYis specified, the size can be specified
explicitly.

Resolution

|& Resolution: 3 [753 v [an |

This port will only be shown ifnput XxYis chosen for th&izeport. It allows you to set the image
size of the resulting movie.

Action

|a Action: Create Movie |

Starts to create the movie. Since the movie is generatedgr@apshots, the viewer window must
not be hidden by other windows while the movie is being createirthermore, th&/ovie data with
the module connected to its master connection port is alterth the settings of the newly created
movie. If there is not such &ovie data object connected to the module, a new one is created.

1.68 MoviePlayer

This module allows you to play back a sequence of single imagenovie. These images can be
stored as separate files in a 2D image format supporteahisa (for exampleJPEG TIFF, PNG,

or PPM) or they may packed together in one or more movie data filewigname.amovstream). To
create movies usingmira, use theMovieMaker

1.68.1 Theamira Movie Format

This module is capable of playing back a sequence of imagks sequence is loaded from one or
more so called streams. Each stream consists of an imagersexjuDuring playback this module
retrieves images from all streams and meshes them togethtiref final image sequence which gets
then rendered to the screen. Imagine there are N streamdirdthimage comes from the first stream,
image 2 from stream 2, image N from stream N, image N+1 agaim Btream 1, image N+2 from
stream 2 and so on. (Expert note: this behavior can be chdngediting theamira movie info file).
After specifying the streams, the module needs to know wipet 6f movie this image sequence forms,
e.g., mono, stereo, stereo interlaced and so on. The steust@anamira movie, i.e. the number and
specification of streams, the type and the preferred comioresype, is stored in aamira movie
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info file (moviename.amov), which is a human readable anthkldi text file. Inamira, movies are
specified in separate data objects connectable to this mo8abVovie for details.

1.68.2 Optimizedamira Movies

This module is capable of converting a movie to an optimizeth&t, i.e. a format that comes up with
faster playback speed and sometimes smaller but mostheblyg fewer data files. To perform this
conversion, connect®ovieto the input connection. That'’s the source movie. Then conadlovie

to the Result connection port. That will be the destinati@vi®. In the stream specification for that
destination movie onlamira movie data files are allowed. The movie conversion is not tblerite
into single image files (which would not make sense anywafterahis, selectonvert (overwritefor
overwrite mode oconvert (appendjpr append mode. To perform the conversion press one of &ye pl
buttons. Seeking does not affect the destination moviet, isgpossible to seek to the part of interest
in the source movie and start the conversion from there.

1.68.3 Which movie or image format should | use ?
To maximize the playback speed:

e Store many images into one or a few laigira movie data files by performing the conversion
process. This avoids the file searching overhead espeifitiiBre are thousands of single image
files in a single directory.

o If the target system has limited CPU bandwidth, avoid usifgJéntensive operations like the
post compression feature or a CPU-intensive image readefind out which image reader is
the fastest you have to experiment, since it depends on thie@dnal hardware and software
configuration. If the systen®penGLimplements the extensidBL_ARB texturecompression
you can compress the images usdgenGLtexture compression. This has the advantage, that
the image size is reduced by factor 4 to 6 without the needdoohpression by the CPU during
playback, since the decompression is performed by the GPU.

o Ifthe target sytem has limited harddisk bandwidth, compties data by using high compressing
single image formats like JPEG or the post compressionifeaticombination with th©penGL
texture compression feature if available. If the bandwith single harddisk limits the playback
speed, but there are more harddisks available (like on m&sy, Btore the movie in multiple
streams (described above), each of them stored on a diffeaeddisk. On systems with RAID
the movie should be stored in a single stream, since the RAdDId distribute the movie data
file over many disks, which should already increase theenatibandwidth. Using more than
one stream jams the RAID strategy used for fast retrival mfdalisc files, which results in a
slowly and bumpy playback.

To maximize the playback image quality:

e Choose a loss-free image format during movie creation detsf this module and also during
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movie conversion with this module. RGB(A) and gzip postcoesgion are loss-fre@®©penGL
texture compression is lossy.

Known Issues

e When playing single images with readers that are not thragjamira may crash. In this case
one can set the the value in theoviesMaxThreads-port to 1 which sets the maximum number
of reader-threads to one, what makes the playback speedosiballows a conversion to the
optimized format. On most platforms the JPG-reader shoelthtead-save. The BMP-reader
is known to be not thread-save.

Connections

Data
Connect theVlovie the module is going to play or convert.

Ports

Action

|& Action: new resultl |

Press this button to create a n&ovie data object connected to this player via the movie’s Master
port. Filename and type of this newly created movie aretiaiized according to the properties of
the input movie. The default number of streams is one. Aherdettings within the input movie
object to match your needs before converting data into tloaien

Mode

|& Mode: Ipla_l,l 'I ‘

Set this to specify the action the module should perform. etfte play, the module will play
the movie connected to the data connection port. If setlag result the module will play the
Movie connected with itdlasterport. If set toconvert (overwrite)the module performs the movie
conversion from the sourc@lovie to the destinatiorMovie. The old contents of the destination
Movie are deleted first. If set toonvert (append)the module appends the contents of the source
Movieto the destinatioMovie.

Position

(8 < R el |

This slider displays the current position in the movie dgrplayback. By pulling the slider it's
possible to seek in the movie. With the two upper adjustalterange buttons one can limit the
movie presentation to a smaller scene of interest. Withwioeotutside buttons one can step through
the movie, image by image, making it possible to use this neothu present a series of single
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high resolution slides. By specifying an integer value ie tixt field one can jump directly to the
specified frame. Note that the frame count begins with zero.

Playback

[8 /<[ ul v |
Push these buttons to seek to the beginning of the sceneeoé#tt to its end, to play the movie
forward or backward, and to pause or unpause playback.

Pixel format

‘a Pixel format: " RGE[&) f* GL-compress

This setting gets evaluated during the movie conversiongs®. If set td(RGB(A)the images are
stored loss-free to themira movie data files, 24 bits per pixel if RGB and 32 bits if RGBA.tElthe
alpha blending feature of this module which is enabled ifitipeit image contains an alpha channel
(amira is capable of creating screenshots with an alpha chanrfe§L4compresss enabled and
the system©penGLis capable of compressing textures, this module compréissésages using
OpenGL Note that this kind of compression is lossy. If it is not d&kle on the current system, this
option is disabled.

Post compression

|& Post compression: | g2ip

This setting is evaluated during the movie conversion meceSpecify this for the destination
movie. If enabled, the MoviePlayer module compresses tle@énindependent of the selected
pixel format, withGZIP. The result is smaller movie data files that need more CPU pdweng
playback. Note that only parts of the movie stream file aregad be compressed, so it is not
possible to compress the whole file with an external zip eacagplication.

Chunk size

|§ Chunk size: Me fo |

This setting is evaluated during the movie conversion peceSometimes the resultiragnira
movie data file gets too large. With this option one can regthesmodule to split this file into
pieces during creation. The fragments are named filenanogsiream, flename.00000001, file-
name.00000002, ..., filename.0000000N. A value of O disatble split feature. A value greater O
specifies the maximum fragment size in megabytes (each 5D@8ytes). One can split amira
movie stream file with external tools into fragments withitery sizes. If the naming scheme
matches the one mentioned above, the module will play itectlir. Note that there is aamira
movie index file maintained by this module, which holds filenhers and byte offsets for every
image on this stream. After manual splits or to force a raweaf this index file, simply remove
it. Atthe next attempt to play or seek this stream, this medhill scan theamira movie stream file
and recreate the index file.
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1.69 ObliqueSlice

The ObliqueSlicemodule lets you display arbitrarily oriented slices thrbwg3D scalar field of any
type, as well as through an RGBA color field or a 3D multi-chalrield. In the medical context such
slices are known as multi-planar reconstructions (MPR).

The module is derived fromrbitraryCut See the documentation of the base class for details about
how to adjust position and orientation of a slice. Like in @whoSlicemodule three different methods
are supported to map scalar values to screen colors, nameér Imapping, monochrome mapping
based on adaptive histogram equalization, and pseudoitglo

Connections

Data [required]

The 3D field to be visualized. 3D scalar fields, RGBA color figldr 3D multi-channel fields are
supported. The coordinate type of the input data doesn'temarhe data will be evaluated using
the field’s native interpolation method (usually trilinéaterpolation).

Colormap [optional]

The colormap used to map data values to colors. This portigrégl when linear or histogram
equalized mapping is selected, or when the module is coedéatan RGBA color field or to a 3D
multi-channel field.

Ports

Orientation

|& Orientation: A:-tiall Cnronall Sagittall

This port provides three buttons for resetting the slicertgtion.Axial slices are perpendicular to
the z-axiscoronalslices are perpendicular to the y-axis, aagjittalslices are perpendicular to the
X-axis.

Options

‘a Options: [ adjust view [ rotate [ immediate

If the adjust viewtoggle is set, the camera of the main viewer is reset eachaimav slice orien-
tation is selected. With thmtate toggle you can switch the rotate handle for the cutting ptame
and off. If theimmediatetoggle is set the slice is updated every time you drag it withrhouse in
the 3D viewer. Otherwise only the bounding box of the cutptane is moved and the update takes
place when the mouse button is released.

Translate

|a Translate: ﬂll—} ﬂ|29 |
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This slider allows you to select different slices. The siceay also be picked with the mouse and
dragged directly in the 3D viewer.

Mapping Type

a MappingT ype: ICoInrmap vI

This option menu controls how scalar values are mapped &esccolors. In case of inear
mapping a user-defined data window is mapped linearly tdidad white. Ifhistoramis selected,
an adaptive histogram equlization technique is applieds ifethod tries to show all features of the
data, even if a wide range of values is covered. Finallyprmapcan be used to activate pseudo-
coloring. The port is hidden if the the module is connectea tolor field or a multi-channel field.

Data Window

‘& Data Window: min |'2DD may |2DD ‘

This portis displayed if linear mapping is selected. Itwhoyou to restrict the range of visible data
values. Values below the lower bound are mapped to blackewhiues above the upper bound are
mapped to white.

Contrast Limit

‘a ContrastLimit: I-_" ‘

This port is only visible ithistogramequalization is selected. The number determines the &intra
of the resulting image. The higher the value, the more cehisaontained in the resulting image.

Colormap

8 coomer [= | [

This port is displayed i€olormapis selected. Choose a colormap to map data to colors.

Sampling

‘a Sampling: Imedium 'I IV interp. data [ interp. testure

This port controls the way how oblique slices are recongtdid=irst, an option menu listing differ-
ent sampling resolutions is provided. The four choicearse mediumfine andfinestcorrespond
to an internal resolution of the underlying texture map 08,1256, 512, and 1024 square pixels,
respectively.

The next toggle, denoteadterpolate datawill only be active if the scalar field to be visualized is
defined on a uniform grid. In this case, if the toggle is offrestineighbor interpolation is used. If
it is on or if the data is not defined on a uniform grid, then tle&fs native interpolation method is
used, e.g., trilinear interpolation on regular grids.

Finally, the toggle labeledhterpolate texturecontrols how the slice is texture-mapped by the un-
derlying OpenGL-driver. If the toggle is off, nearest-rfdigr sampling is used. Otherwise, bilinear
filtering is applied.
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Overlay

& Owerlay: I.l’-‘n.dd vl

This port determines how option@blorWashmodules are mapped onto this slice.

Transparency

‘& Tranzparency: & Mone O Binaw © Alpha

This radio box port determines the transparency of the .slidee option is only available if the
module is connected to aRGBA color field Nonemeans that the slice is fully opaquBinary
means that black parts are fully transparent while othets@ae opaquedlphameans that opacity
is taken as is.

Channels

‘& Channels: B 1 ¥ 2

This port is shown if the module is attached to a 3D multi-et&mbject. It allows you to toggle
individual channels on or off. Each channel is mapped usitigear intensity ramp. The data
window for each channel can be adjusted in the multi-chaoiielct itself.

Commands
All commands described fakrbitraryCutcan be applied t®bliqueSliceas well.

createlmage <image base name>

This command creates a 2D image from the oblique slice ansl iatlalthe Pool. The image base
name can be omitted.

1.70 OrthoSlice

TheOrthoSlicemodule is an important tool for visualizing scalar data faléfined on uniform Carte-
sian grids, e.g., 3D image volumes. Such data are visudhyeatracting an arbitrary axial, frontal, or
sagittal slice out of the volume. The data values can be nthjgpenlors or gray levels by one of three
mapping methods. The most simple mapping technique use®ar lgray ramp together with two
threshold values. This range determines which data vaheemapped to black and which are mapped
to white. Alternatively, a contrast limited histogram eligation technique may be applied. With this
method, there is no unique correspondence between grdy lawtdata values any more. The method
tries to visualize all features of an image. As a third magpirethod, an external colormap can be
used inOrthoSlice

The OrthoSlicemodule is also capable of extracting slices of an RGBA cokidfor of a 3D multi-
channel field. In these cases the slices are displayed ad isoamapping method need to be chosen.
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Connections

Data [required]

The 3D field to be visualized. Currently, regular scalar Beldulti-channel fields, and RGBA color
fields with uniform or stacked coordinates are supported.

Colormap [optional]

Optional colormap used to map scalar data to colors. Thisipbidden wherinear or histogram
mapping is selected. See al€olormap

Ports

Orientation

‘8 Orientation: ' Ausial ¢ Coronal ¢ Sagittal

This port provides three buttons for resetting the slicerttétion.Axial slices are perpendicular to
the z-axiscoronalslices are perpendicular to the y-axis, aagittalslices are perpendicular to the
X-axis.

Options

‘8 Options: ¥ adjust view [ bilinear view

If the adjust viewtoggle is set, the camera of the main viewer is reset eachainaw slice orienta-
tion is selected. Thhilinear toggle determines how color is interpolated within a slidg.default,
the toggle is off and constant interpolation is used. Withstant interpolation individual pixels
become visible. Bilinear interpolation often produces sasnat blurry results.

Mapping Type

8 Mapping Type: IHisthram vl

This option menu lets you select between the three diffemeagping methods, namelylmear
gray ramp histogramequalization, andolormapmode. The port is not available if ti@rthoSlice
module is connected to an RGBA color field or to a 3D multi-aierield.

Data Window

‘8 Data Window: min IU max |3 ‘

This port is displayed ifinear mapping is selected. It allows you to restrict the range sibie
data values. Values below the lower bound are mapped to blattkes above the upper bound are
mapped to white. In order to quickly change the data windo@oatrastContromodule can be
attached to th©rthoSlice

Contrast Limit

|$ Contrast Limit: I? |
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This port is displayed ihistogramequalization is selected. The number determines the cirfa
the resulting image. The higher the value, the more consasintained in the resulting image. A
value of zero means that contrast will not be limited at all.

Colormap

B romer? W W[ |

Choose colormap ifnapping types set tocolormap

Slice Number

‘a Slice Humber: ﬂll—ﬁ ﬂ|43 ‘

This slider allows you to select different slices. The diceay also be picked with the mouse and
dragged directly in the 3D viewer.

Transparency

‘& Tranzparency: & Mone O Binaw © Alpha

This radio box port determines the transparency of the.shimnemeans that the slices are fully
opaque.Binary means that black parts are fully transparent while othetspae opaqueAlpha
means that opacity is proportional to luminance. If a colapnis used for visualization opacity
values are taken from there.

Channels
‘a Channels: ® 1 ¥ 2

This port is shown if the module is attached to a 3D multi-et&mbject. It allows you to toggle
individual channels on or off. Each channel is mapped usitigear intensity ramp. The data
window for each channel can be adjusted in the multi-chaoijelct itself.

Commands

frame {0|1 }
This command lets you turn on or off the orange frame indicgtihe intersection of the plane with
the bounding box of the 3D field.

setFrameColor <color>
Lets you change the color of the plane’s frame.

setFrameWidth <width>
Lets you change the width of the plane’s frame in pixels.

createlmage <image base name>
This command creates a 2D image and adds it to the Pool. Thgeibese name can be omitted.
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1.71 OrthoViewCursor

This module controls two perpendicul@bliqueSlicego inspect scalar image data. Two draggers
control these slices, one controls the translation, theraithe controls the rotation.

Connections

Data [required]
The scalar image data to be visualized.

Module [required]
The OrthoSliceor ObliqueSlicethat specifies the dragger plane.

Colormap [optional]

Optional colormap used to map scalar data to colors. Thisiphidden when linear or histogram
mapping is selected. See also Colormap.

Cylinder slice [optional]

Ports
Show
|3 Show: Dip [7] Stike [+ Dragger
Show or hide the slices or the dragger.
Mapping type

|3 Mapping type: | Linear - |

This option menu lets you select between the three diffemaqiping methods, namely a linear
gray ramp, histogram equalization, and colormap mode. Dineignot available if the OrthoSlice
module is connected to an RGBA color field or to a 3D multi-aierield.

Data Window
‘8 Data Window: min |0 max | 255

This port is displayed if linear mapping is selected. Itwaboyou to restrict the range of visible
data values. Values below the lower bound are mapped to blatikes above the upper bound are
mapped to white. In order to quickly change the data windowoatastControl module can be
attached to the OrthoSlice.

Contrast limit

& Contrast imit: |7
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This port is displayed if histogram equalization is seldcféhe number determines the contrast of
the resulting image. The higher the value, the more consasintained in the resulting image. A
value of zero means that contrast will not be limited at all.

Colormap

[ Cobomar: 0| I =n

Choose colormap if mapping type is set to colormap.

Transparency

‘3 Transparency: (*) Mone () Binary () Alpha

This radio box port determines the transparency of the.siiene means that the slices are fully
opaque. Binary means that black parts are fully transpaveilé other parts are opaque. Alpha
means that opacity is proportional to luminance. If a colapnis used for visualization opacity
values are taken from there.

Translation

‘3 Translation: |0 [ [0 | |

The translation of the dragger center with respect to théecef the base plane.

Rotation

|3 Rotation: |7 i} |

The rotation of the dragger within the base plane.

Additionally, the color-mapping ports @bliqueSliceare provided.

1.72 PointProbe

See Sectioata Probindor details.

1.73 PointWrap

This algorithm performs a surface reconstruction from a$einorganized points. It modelspobe
sphere that is being 'dropped’ onto and then ’rolled over’ the sépoints. Every three points the
sphere rests on during this tour become a triangle in thdtimgsurface. The result is (almost)
guaranteed to be an oriented manifold.

Press thé\pplybutton to start the computation.
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Connections

Data [required]
The input point set.

Ports
Probe Radius

‘& ProbeRadius: [ |[0.0177834 |

This slider specifies the radius of the probe sphere. It ig cglevant if the module is run in the
fixed radius mode and when looking for an initial triangle.tHé algorithm is unable to find an
initial triangle try increasing this value.

Search Axis

|& Searchéxis: * = C w z

The direction the probe is initially dropped from to find ar8tay triangle. If no such triangle can
be found, try a different axis.

Probe Mode
|a ProbeMode: " fized f* adaptive

Here you can choose the probe radius to be fixed throughouwttibée computation or to adapt it
to local feature sizeAdaptiveprobe size is faster thdixedprobe size and gives better details on
point sets that are relatively 'well behaved’. Howeversitdss robust.

Enlargement

|a Enlargement: II A |1.15 ‘

If the algorithm is run iradaptiveprobe size mode the local probe size might be too small to figd a
more triangles. If that happens, the size is enlarged byfdhter and the local search is restarted.

MaxlIterations

|a Maxlterations: ﬂll—} ﬂIE ‘

The iterative process described unBatargements repeated no more times than the number spec-
ified with this slider.

1.74 ProbeToLineSet

This module can be connected (tight connection) tareeProbeor SplineProbenodule. It saves the
probe line resp. spline into laineSetdata object. The LineSet contains all points where sampées a
taken as coordinates and the sampled values as data. fruotieehe spline controlpoints are saved in
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the parameters of the LineSet. PressAlpply button to save the current probe line into the LineSet.
Since a LineSet can hold more than one line additional prioles Will be saved whenever tiigply
button is pressed.

If a LineSet is connected to the data port (optional) thiselSat is then copied and the probe lines are
saved into the copy.

Connections
SplineProbe [required]
This is the controlling SplineProbe resp. LineProbe module

Data [optional]
Can be optionally connected to a LineSet. A copy of that LeteSused to save the probe lines.

Commands

1.75 ProjectionView

This module computes a shadow projection of a 3D uniformesdald (an image volume) onto the

three major planes (xy, xz, yz). Color fields and multi-chalrfrelds are also supported. Maximum
intensity projection or averaging can be chosen as projectiethod. This module is especially useful
for data containing line-like structures like neurons ogiagraphic data.

If attached to a 1-component scalar field, the location ofel®xontaining maximal values can be
investigated interactively using the mod®eojection View Cursar

Press thé\pplybutton to recompute the projection.

Connections

Data [required]

The dataset to be projected. Uniform scalar fields, unifosfordields, and uniform multi-channel
fields are supported.

ROI [optional]

Connection to a module providing a region-of-inter8siectRai If such a module is connected,

only the volume inside the ROI is projected. Alternativeéhis port can be connected @ylinder-
Slice which defines a cylindrical ROI.

Colormap [optional]
(8 coomep: [T — 5|

An optional colormap which is used when the mapping typetiscseolormap(see below).
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Ports

Options

|a Options: [ interpolate [ inwverse [ lighting

interpolate: Bilinearly interpolate between pixels on the projectioan@s. This in general gives
better image quality and less aliasing. However sometitmesdsulting image may appear some-
what blurred.

inverse:Invert gray values. Inversion is doaéter mapping data values to intensity values via the
selected range.

lighting: Specifies whether the slices should be illuminated or ndigliting is on the luminance
of the slices changes when the scene is rotated.

Show

‘aSI'\ow:IF‘,-'Z v xz | =y |

The three toggles can be used to turn off the yz-, xz-, or ioesl

Mapping

|& Mapping: |Avemge ﬂ |Unear ﬂ |

The first menu specifies the projection moddaximumsearches the largest data value in each
projection rayMinimumfor the smallest oneAveragecomputes the average data value for each
projection ray. The optiondepthanddepth + maxare only available for scalar fields. diepthis
chosen on each slice the depth of the pixel containing theérmar value is depicted, instead of
the maximum value itself. idepth + maxs chosen, first an ordinary maximum intensity projection
is computed and mapped to a gray image. Then the gray imageliipied with a pseudo-color
image of the depth values. This allows to visualize bothgmigd structures and depth information
at once.

The second menu specifies how the projected data should beechép color or intensity. Three
modes are availabldinear, histogram andcolormap These modes are identical to the ones de-
scribed for theOrthoSlicemodule.Colormapis not available for color fields and for multi-channel
fields.

Channels

This port is shown if the module is connected to a multi-ctefield. It allows you to turn individ-
ual channels on or of.

Range

‘a Range: min |I} ma |255 ‘

This port is only available idinear mapping mode. All data values smaller than the specified
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minimum are mapped to black, all values larger than the mamirare mapped to white, and the
values in between are mapped linearly.

Contrast Limit
|§ Contrast Limit: |7 |

This port is only visible ithistogramequalization is selected. The number determines the &intra
of the resulting image. The higher the value, the more cehisaontained in the resulting image.

Commands

createlmage <image base name>
This command creates 2D images from the projections in tiod Between one and three images
are created depending on the pSftow The image base name can be omitted.

setTransparency <alpha>
Set transparency of projections. A value 0 makes it comiylefgaque, 1 completely transparent.

1.76 ProjectionViewCursor

This module can be attached taoPaojection Viewmodule. It visualizes a 3D location on all three
planes. The location is specified by picking (i.e. clicking any geometry, like an isosurface, in the
viewer. If one of the three planes of tReojection Viewitself is picked the module will search for the
brightest pixel to determine the missing coordinate. Hawethis will only work if a scalar field is
connected to therojection View but not for color fields or multi-channel fields.

Connections

Module [required]
This module is attached directly to a ProjetionView module.

Ports

Color

a Color: !I

Color of sphere and circles.

Options

|a Dptions: ¥ 30 zphere

If the 3D sphere option is selected, a sphere is shown at thed3idion of the selected location.
Otherwise only the three projections of the sphere are shown
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Size

|a Size:ll A IU.3 ‘

Radius of sphere and circles in percent of the bounding bagatial length.

LandMarkSet

|a Landmark set: ﬂl I:Iearl

This port can be used to export the current cursor positimmarlandmark set data objecSuch
an object will be created automatically the first the & button is pressed. After that you can
modify the cursor position and append the new position todahdmark set by pressing thedd
button again. Th€lear button removes all landmarks stored in the landmark setatget.

1.77 Relabel

This module sorts the materials inLabelFieldaccording to the material list of a template. Materials
which are only present in the template are added. If mageaisd found in the input, which are not
present in the template, a warning is issued.

The module is also capable of merging multiple label fieldhefsame size. This is useful if different
parts of the same data set have been segmented independieatisresponding voxels in the input
are assigned different materials, which are both diffefeorh Exterior, the last input will be used.
If the option Conflict Materialis checked, such voxels will be assigned to a new materialedam
MergeConflict

This module can be used to fill a new, empty label field with malefrom a previous segmentation.
Press thé\pplybutton to start the computation.

Connections

Data [required]
Input LabelField.

Data2 [optional]
Additional LabelField to be merged with the first one.

Data3 [optional]
Additional LabelField to be merged with the first two ones.

Template [optional]
LabelField with the template material list.
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Ports

Options

‘a Options: [~ Werbose [ Modify Input [~ Conflict b aterial

Theverboseflag produces some information on the actual mapping. IMbdify Input option is
chosen, the input data set itself is modified instead of daphg it, do not use this option on a data
set, while an editor is active. If th@onflict Material option is chosen in a merging action, voxels
with different materials in the input data sets are assigo@dspecial material calledergeConflict

1.78 Resample

This module works on any 3-dimensional field with regular rclimates, e.g., complex and non-
complex scalar or vector fields or RGBA color fields. It letsiyesamplethe data, i.e., enlarge or
shrink the dimensions of the regular grid while recalculgtihne data according to it. The first port
displayed isinput Resolutiorwhich indicates the resolution of the incoming data field ¢éorbsam-
pled. If the input field has uniform coordinate the voxelsizalso displayed. The other ports depend
on whether the input field contains ordinary numbers or klasl used in image segmentation (c.f.
LabelField.

For non-labeled data fields you see Hiker, theMode the Resolutiorport and if the input field has
uniform coordinates you will see théoxel Sizgort. In case of a labeled data field you seeAterage
port. Depending on the existence of labeled data the regagnmberation is performed differently.

1.78.1 Resampling non-labeled data fields

For non-labeled input data the ports dendtdter, Mode ResolutiorandVoxelsizewill be shown.

Filter provides an option menu allowing you to specify the filtermedifor the resampling operation.
Usually the default kerneTriangle, yields sufficiently good results for both minifications andgni-
fications. The following filters are supported:

e Box- simple replication of scalar values, shows consideraligtor jaggies

e Triangle- computationally simple, still sharp transition lines

e Bell - smoothing filter

e B-Spline- no sharp transitions, but its width causes excessiveibtyrr

e Lanczos excessive "ringing” effect

e Mitchell - no sharp transitions, good compromise between "ringimgl &Ilurring”

e Minimum- useful for down-sampling, preserves tiny dark featurea bnight background
o Maximum- useful for down-sampling, preserves tiny bright featwes dark background
e Cubic, width 6- similar to Lanczos
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e Cubic, width 8 performs similar to Lanczos

TheMinimum andMaximumfilters can only be used to downsample non-complex data fields

PortModegives you choices how to specify the resolution of the oufigld. If you select ‘dimen-
sions’ the porResolutiorwill be enabled to take your input. if you select ‘voxel sipartvoxel size
is enabled.

If you connect a second field to tieferenceonnection the behavior will be a little bit different. If
you select ‘dimensions’ the output field will have the sammaetisions as the reference field. If you
select ‘voxel size’ the voxel size will be taken from the refece. Additionally the choice ‘reference’
is enabled which resamples directly onto the lattice thptasided by the reference field.

Press thé\pplybutton to start the resampling.

1.78.2 Resampling labeled data fields

Labeled data fields can only be down-sampled. Inste&iltef andResolutiora port denotedverage
appears. This port allows you to enter the number of cellvévage in every dimension. Note, that
no enlargement is possible.

As above, thé\pplybutton initiates the resampling.

1.78.3 Coordinates of the resampled data set

Resampling can be performed on any 3-dimensional field witireeuniform, stacked, rectilinear, or
curvilinear coordinates. The resampling operation do¢simange the coordinate type. If you want to
converta data set with stacked, rectilinear, or curvilircerdinates into one with uniform coordinates
you should use thdrithmeticmodule instead dResampleThe coordinates of the resampled data set
are obtained by a resampling operation on the coordinatieafput data set.

Note that in general the bounding box of the resampled dataikde different from the one of the
input data set. In particular, for uniform coordinates toefding box will extend from the center of
the first voxel to the center of the last one.

1.78.4 Resampling in progress

While resampling, the progress bar at the bottom ofRheperties Areandicates the percentage of
resampling that is done. You may cancel the resampling lzion any time by pressing the stop
button on the right of the progress bar.

Connections

Data [required]
The underlying data field to be resampled.
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Reference [optional]
A reference lattice. It can provide the new resolution, tee roxelsize or the new lattice.

Ports

Input Resolution

‘s Input resolution: 128« 128 » 87,

Displays the resolution of the input data set.

Input Voxel Size

‘s Input voxel size: 1.568629 » 1.563623 « 1.583854|

Displays the voxelsize of the input data set (if available).
Filter

|$ Filter: | Triangle - |

This lets you select one of the resampling filters mentiorexve. This will only be visible if the
input data set does not contain labels.

Mode

‘8 Mode: ™ dimensions ¢ vonel size © reference

This lets you select whether you want to specify the new te&ol or the new voxelsize. If a
reference lattice is connected the values a taken from.tielditionally there is the option enabled
to sample directly onto the points of the reference lattice.

Resolution

|8 Resolution: = |123 u |123 z IB? |

Specifies the resolution of the output data set. This potionily be visible if the input data set does
not contain labels.

\Voxelsize

|$ Voxel size: K|1_5|38n33 5.|1.58883 Z|1_58385 |

Specifies the voxelsize of the output data set. This portomily be visible if the input data set does
not contain labels and has uniform coordinates.

Average
‘s aﬂwer.al_:pe::--:l2 y|2 z|1 |

Specifies how many labels should be averaged during dowpisagnThis port will only be visible
if the input data set contains labels.
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1.79 Scale

The Module displays a 2D coordinate System on top of the mémglarea. The coordinate a calculated
on a plane perpendicular to the viewing direction locatduegfdcal distance of the camera. The focal
distance is the point about which rotations are preformedorthogonal projections the displayed
distances are valid for all parts of the picture, in perspegirojection only for the mentioned plane.
The location and size of the coordinate system can be ctedroy the ports. The module scales things
to get "nice” numbers (no fractionals). Create an instanitle thie Createmenu.

Ports
PosX

Erxa—— " |

The position of the origin (fraction of horizontal size okthiewing area).

PosY

I el

The position of the origin (fraction of vertical size of thiewing area).

SizeX
‘& S| [— X |

Maximal size of the coordinate system. (fraction of viewifzize).

SizeY
‘& S| [— X |

Maximal size of the coordinate system. (fraction of viewifzize).

Frame

|a Frame: v =iz [V pdwis [ Border

Select the parts of the frame which should be drawn.
Ticks
‘& Ticks: ¥ Show [~ Giid [~ Tewt

Select whether Ticks, Grid and Text should be drawn.

SubTicks

‘& SubTicks: ¥ Show |~ Grid ‘

Select whether SubTicks and SubGrid should be drawn.
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Unit
|8 Unit; |em

A unit that is displayed at the axes.

Color

8 Color: _I

Color of the coordinate system.

1.80 ScanConvertSurface

This module computes a volumetric representation of closadifold and non-manifold surfaces. The
result is a 3D uniforntabelField whose bounding box and dimension can either be specifietliby fi

in the corresponding ports or by a connecting a referenak figdch voxel on the inside of the surface
is labeled according to material index of the surface. Tle® can choose to label all or pick out single
materials.

Press thé\pplybutton to start the computation.

Connections

Data [required]
Surface to be converted.

Field [optional]
Reference regular 3D field, whose dimensions and boundirgab®used to define the resulting
field.

Ports
Bbox

|$ Bbox: |[0134766 |46.045  |0134766  |46.045 126.2 168.7 |

Bounding box of the resulting field.

Dimensions

|$ Dimensions: 258 253 [135 ‘

Dimensions of the resulting field.

Materials

‘s Materials: | Al ‘

Material(s) of the surface to be converted.
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Options

‘& Options: | wolume averlap

If a referencd_abelFieldwas connected, the volume overlap of the materials of thdtneg field
with the reference field can optionally be computed. Its @alill be written to the console window.

1.81 SelectLines

This module extracts a subset of lines or line segments frgimem line set object. The lines can be
selected by one or more regions of inter8stectRQlby one to three materials in a connected label
field, or by an expression which is evaluated on the data saltithe vertices of the lines.

Press thé\pplybutton to start the computation and generate a new line gettob

Connections

Data [required]
The lines set to be filtered.

Label field [optional]

A label field with a number of materials. You can select up t@¢hmaterials from the label field
and only lines that connect all three materials will be cdpethe output.

Region of interest01 [optional]
A region of interest. Lines need to go through this regiondabpied to the output.

Region of interest02 [optional]
A second region of interest. More region of interest portslvé added to the model at run-time as
long as newSelectROlI'sare connected.

Ports

Info

| a Info: datal=0.042464..0.957629

This port appears if thetatisticscheck box is marked. The port presents minimum and maximum
values for each data dimension per vertex.

Options

‘a Options: [ Expressions [ Input statistics
SelectExpressionso make theExpressiorport visible. Selectnput statisticio make thdnfo port
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visible. The values displayed in thiefo port will be evaluated each time, so disabling this option
will speed up the computation of the line sets.

Materials
|8 Materias: | ] ] =]

This portis visible if a label field is connected to the modudallows the user to select up to three
materials from the label field. Only lines that touch eacharat are copied to the output.

Expression

‘& Expression: IdataD)D datal<=0

Enter an expression which is evaluated on the data per vefteach line. Only vertices for which
the expression returns true are copied to the output. THisnerease the number of lines as one
line of the input may be split into several line fragmentstaf butput.

The variable for each data dimension is named jdataN¢, whisrthi number of dimension starting
with 0. An expression like data0¢, 0.5 will therefore copyyditle segments to the output where the
first data value of a point along the line is greater than 0.5.

1.82 SelectRoi

This module defines a region-of-interest with the shape abasraligned 3D box. This box can be
used to restrict the output of many visualization modulks Violtex, ProjectionView or all modules
derived fromViewBase e.g.,Isosurfacer HxSurfaceView

Connections

Data [required]

Connection to a 3D data object which defines the maximum giteeaegion-of-interest. Only the
bounding box of the data object but not the data itself isrprted by this module.

Ports

Minimum

|§ Minimum: [0.292157  [0.382157  |0.393678 ‘

Minimum x-, y-, and z-coordinates of the region-of-intdres

Maximum

|&Mam-n |19s608 133608 [136606 ‘

Maximum x-, y-, and z-coordinates of the region-of-intéres
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Options

‘& Options: ¥ show box ‘

If the optionshow draggeis enabled a tab-box dragger is shown which allows you taacteely
adjust the region-of-interest in the 3D viewer.

Draw

|8 Drow: et | res |

After pressing theestrict button you can draw a contour in the viewer window in orderetstnict

the region-of-interest. However, note that although youdraw an arbitrary contour the region-of-
interest itself still remains a box. Thiesetbutton resets the box so that is covers the full bounding
box of the connected data set.

1.83 Shear

This module shears a uniform scalar field by shifting eaclslige in y direction. The shift is propor-
tional to the z-coordinate of the slice, resulting in a skegaeration. The angle between the original
and the sheared z-axis can be specified.

Press thé\pplybutton to start the computation.

Connections

Data [required]
Connects to uniform scalar fields.

Ports
Info

‘a Info: 2244377459 [max. zhift 150 pixel]

The output field will be larger than the input field. This postes the details.
Angle

|a Angle: |3D— ‘

Specifies the angle between the input z-axis and the sheavdd.ZPositive and negative values are
allowed.

1.84 SmoothSurface

This module smoothes a surface by shifting its vertices.hBaetex is shifted towards the average
position of its neighbors. Special care is taken in the cA&mondary vertices, for which not all the
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neighbors are considered, but only those that are also onailvedary. In this way sharp boundaries
are preserved.

The smoothing operation is controlled by two tunable patanse the number of iterations to be
performed and éambdacoefficient which should be in the range 0...1 and descritestep for each
iteration.

Press theA\pply button to start the smoothing operation. Presgipgly button once again causes the
result to be smoothed further. The input is only accessed ifesult is present. This behavior is
different from most other modules but it allows better iatgive control of the smoothing operation.

Connections

Data [required]
The surface to be smoothed.

Ports

Parameters

|a Parameters: iterations |2 lambda ID-B |

Contains two parametersterationsspecifies the number of steps for the smoothlambdais a
shifting coefficient which should be in the range (0..1)

Action

|3 Action: Flesetl |

Pressing th&®esebutton restores the original surface, i.e., the input iSebfo the output.

1.85 Sound

e On Microsoft Windows, the underlying multimedia system $&d; only WAVE format sound
files are supported.

e On X11, the Network Audio System is used if available, otlisevall operations work silently.
NAS supports WAVE and AU files.

e On Macintosh, all QuickTime formats are supported.

Ports

Sound file

‘a Sound file: | Browse

Browse the file to be played.
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Sound

‘a Sound: M M ‘

Starts or stops the sound playing. Depending on the platémgiio facilities, other sounds may stop
or may be mixed with the new sound. The sound can be played agany time, possibly mixing
or replacing previous plays of the sound.

Loop

Sets the sound to loop indefinitely.

1.86 SplineProbe

See Sectioata Probindor details.

1.87 StandardView

The StandardViewnodule displays a 3D image data set or, more precisely, a 8@rdeld with either
uniform or stacked coordinates in three different 2D wind@at once. The windows show coronal,
sagittal, and axial views of the data, respectively. Theéses correspond to standard xy-, yz, and
xy-orientations. Note, that for the axial (xy) view the dnigs in the upper left corner. This is the
standard orientation used in radiology. In each 2D view thstfpn of the two other slices is indicated
by a colored cross hair. You may click at any point in a 2D vievoider to reposition the two other
slices. The upper left part of the viewer window shows theali8D view.

Connections

Data [required]
The 3D scalar field to be visualized.

OverlayData [optional]

If this port is connected to a second 3D image data set, adayvef both images is shown in the
2D windows.

Ports

Info

‘& Info: value = 67, pos = 0.083 0.083 6
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This port gives some information about the value of the 3Desdeeld at the point where the three
2D slices intersect, as well as its coordinates.

Range

|a Range: min I-EDD mnax |2IJD |

Controls the mapping of input data to gray values. Valuesvbahin are mapped to black, values
abovemaxare mapped to white. Values betweam andmaxare mapped linearly.

SliceX

|& Slice x: || A fres |

Number of slice currently displayed in sagittal (yz) window

SliceY

|& Slice y- || A fres |

Number of slice currently displayed in coronal (xz) window.

SliceZ

|§ Slice 7= || A I[E |

Number of slice currently displayed in axial (xy) window.

Zoom

[8 zoom: [ 0] -]

Allows you to decrease, reset, or increase the current imaagnification factor. You may also
presqCitrl][z] to zoom down of Ctrl][Shift][z] to zoom up.

Overlay mode

‘a Overlay mode: I blend 'I ‘

This port is only visible if a second image dataset has beenaxted to input po®verlayData
You can choose one of four overlay modesbiaend add andmaximummode a blending, the sum,
or the maximum of both images is shown, respectivelyHackerboaranode the 2D windows are
divided like a checkerboard showing both image datasedately.

Overlay range

‘& Overlay range: ID |1EIEI |

This port is only visible if a second image dataset has beanexted to input po®verlayData It
controls the mapping of the second image dataset to gragsadimilar to porRangefor the first
image dataset.

StandardView 143



Blend factor

‘& Blend factor: |/ 7 [0.432624 |

This port is only visible if overlay modblendhas been selected. It controls the blending of both
image datasets. Blend factors 0 and 1 mean that only the fistlp the second dataset is shown,
respectively. For values between 0 and 1 a linear interjoolég done.

Pattern size

|a Pattern zize: ﬂl s ﬂ|45 ‘

This port is only visible if overlay modeheckerboardhas been selected. It controls the size of the
checkerboard tiles.

1.88 SurfaceArea

This module calculates the area of the individual patches @ifrface §atch modg The results are
stored in aspread sheetata object.

In an alternative mode the area and the enclosed volume diffeeent regions defined in the surface
are computedmaterial modg In this mode the total surface area is twice as large simegyédriangle
contributes to two regions. Note that for this mode it is iegplithat the surface be closed, i.e., that all
regions are completely enclosed by triangles. Otherwigecbmputed volumes will be incorrect.

Actually, the volume computation simply sums the signedurds of all of the tetrahedra joining
surface triangles to the origin (point with coordinates xy€0, z=0). The sign of the volumes depends
on triangle orientation relative to the origin, so volumes eomputed correctly even for non convex
surfaces. In the case of a closed surface, the result is thenemf the enclosed surface. If the surface
is not closed, then the result can be considered as the vaamprised between the surface (triangles)
and the origin, which can be still useful depending on youppse.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The surface to be investigated.

Ports
Mode

‘& Mode: & material  patches

Toggles betweematerial modeandpatch mode
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In material modethe resulting spread sheet object contains one row for evenyempty region
of the surface. Each row contains the name of the region, theber of triangles of the region’s
boundary, the surface area of the boundary, as well as thesegcovolume. Usually, for thexterior
region the volume is negative.

In patch modéehe resulting spread sheet object contains one row for gvaigh of the surface.
Each row ontains the patch id, the patch’s inner region ndheepatch’s outer region name, the
number of triangles of the patch, and the surface area ofdtehp In the following columns the
total number of triangles and the total surface area arequtinlf the surface data structure also
contains the surface contour, the surface perimeter isagisg. Note that you might have to use the
recomputecommand of theSurfacemodule, to obtain the contour information.

1.89 SurfaceCut

The SurfaceCutisplays a filled cross-section through a surface genelstéite SurfaceGemodule.
The surface is supposed to separate different volumewioms from each other without any holes.
Within the cross section the different materials are ingiddy their respective colors. If the surface
does not form closed loops in the intersection plane thess pall not be shown. The module is
derived fromArbitraryCutand thus provides the same methods for manipulating theigrosind
orientation of the cross section as this base class. An gmatmule GridCutexists for displaying
cross-sections in a tetrahedral finite-element grid.

Connections

Data [required]
The surface to be visualized.

Ports

Orientation

|a Orientation: A:-tiall Cnronall Sagittall

This port provides three buttons to specify the slice odagah. Axial slices are perpendicular to
the z-axiscoronalslices are perpendicular to the y-axis, aagjittalslices are perpendicular to the
X-axis.

Options

‘& Options: v adjust view [ rotate [ immediate

If the adjust viewtoggle is set, the camera of the main viewer is reset eachetinev slice orienta-
tion is selected. With thetatetoggle you can switch on the rotate handle for the cuttinggknd
off again. If theimmediatetoggle is set the slice is updated every time you drag it withrhouse
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in the 3D viewer. Otherwise only the bounding box of the agtplane is moved and the update
takes place when you release the mouse button.

Translate

‘& Translate: ﬂl S ﬂIED ‘

This slider allows you to select different slices. The siogay also be picked and dragged directly
in the 3D viewer.

Selection

|& Selectiun:ﬂl Hemove”-"-\” 'I ‘

This port maintains a list of materials to be displayed witthie cross section. With the selection
menu one can select a single material. Puel button adds the currently selected material to the
list so the that is becomes visible and Removeébutton removes the material so that it becomes
invisible.

Commands
Inherits all commands oArbitraryCut

selectMaterial <id1> [<id2> ..]
Selects the materials with the specified ids so that intémsecof these materials with the cutting
plane will be shown. You need to cdilte  before changes take effect.

unselectMaterial <id1> [<id2> ..]
Unselects the materials with the specified ids so that iet¢icens of these materials with the cutting
plane will not be shown. You need to clile before changes take effect.

1.90 SurfaceDistance

This module computes several different distance measetaskn two triangulated surface. For each
vertex of one surface it computes the closest point on theratinface. From the histogram of these
values the following measures are computed:

e mean distance

e standard deviation from the mean distance

e root mean square distance

e maximum distance (Hausdorff distance)

e medial distance

e area deviation: percentage of area that deviates more thaemthreshold
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By using an octree structure the computation is sped up, layt fail, when two surfaces are too
different in their shape or location.

Press thé\pplybutton to start the computation.

Connections

surfacel [required]
any triangulated surface

surface2 [required]
any other triangulated surface

Ports

Direction

‘8 Direction: | Suface 1-:2 = ‘

The distance measures are non—symmetric. Thus one can tothpm from surface 1-¢2 or vice
versa 2-¢, 1. One way to get symmetric measures is to join shegnams from both directions into a
single histogram (Two—sided option). Note that the twaedidption takes twice as long to compute
as their one-sided counterparts.

Consider

‘8 Consider: | patches [ contours

When computing the closest points, one can chose to resjleet patches or patches and con-
tours. This means, that closest points from any patch/contdl be restricted to lie on the same
patch/contour of the other surface.

Maximal distance

|8 Maximal distance: |1e+010 ‘

Value for the distance to be used when no closest point caittbmputed. This can happen when
surfaces are too far apart or too different in their shape.

AboveThreshold
|8 AboveThreshold: |05 |

Threshold value for the computation of the area deviation.

Output

‘8 Output: [ Vectors [ Distance
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Optional output of the vectors from each point on one surfadbeir associated closest points on
the other surface, or only their magnitude (distance option

Info

‘s Info: mean 0171979 dev 0150444 s 0.228431 max 1.53214 ‘

Resulting distance measures will be displayed here: meancard deviation, root mean square
and maximum.

Info2

‘s Info2: median 0135853 aboveThresh 3.43945 & conRims 0950868 ‘

Resulting distance measures will be displayed here: mediaa deviation. If the connected sur-
faces have the same number of nodes. The root mean squarecdisietween two vertices with the
same index will be computed as well. This is of interest, wy@mnhave computed correspondences
by some other method than the closest points computation.

1.91 SurfaceField

This module computes SurfaceFieldfrom a Surfaceand aUniformScalarField One can choose
between encoding on nodes, on triangles, or on trianglenode

Press thé\pplybutton to start the computation.

Connections

Surface [required]
A surface that is the domain of the surface field to be gengrate

Data [required]
A 3D scalar field.

Ports

Encoding

‘s Encoding: ¢ OnModes ¢ OnTriangles &+ OnTriangleModes

The encoding defines how the data is stored:

e On the the nodes of the surface.
e On the triangles of the surface.
e Three data values per triangle, one for each node.
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1.92 SurfaceGen

This module computes a triangular approximation of therfates between different tissue types in
a LabelFieldwith either uniform or stacked coordinates. The resultindezes can be non-manifold
surfaces. In earlier releasesavhira this module was called GMC.

Depending on the resolution of the incoming LabelField tsutting triangular surface may have a
huge amount of triangles. Therefore it is often recommendestart with a downsampled version of
the LabelField, e.g., with a resolution of 128x128 pixels glece. During the resampling process the
Resamplanodule will create or update the probability informationtloé LabelField. This way the
loss of information caused by the resampling process withémized. The SurfaceGen module can
use the probability information to generate smoother seda

Press theApply button to start the surface extraction. Depending on the gizhe LabelField the
algorithm requires up to a minute to finish.

Connections

Data [required]
LabelField from which the interfaces should be extracted.

Ports
Smoothing

‘a Smoothing: |Cnnstrained smaoathing j |

This port controls the way in which the module generates sosmsurface. If set tmone no sub-
voxel weights are used and the resulting surface will loaksase-like. If set t@xisting weights
then pre-computed weights are used; such weights can beagedevith the resample module
or the smoothing filter in the image segmentation editor. dp&onsconstrained smoothingnd
unconstrained smoothingenerate sub-voxel weights, such that the surface is igtsraooth;

in the constrained smoothingnode, the module guarantees that no label be modified: any two
voxel centers that have been labeled differently beforsmheothing are separated by the generated
surface afterwards. This is not necessarily the case foyeweall detail in the unconstrained case.
The amount of smoothing can be controlled via the TCL intefaype

SurfaceGen setVar SmoothKernelSize <value>

into theamira console, to change the default, which is 5 for the unconshand 4 for the con-
strained case. The values currently cannot be larger tha &b not limited to integer variables.
Note that setting this variable only applies to the actuaf&eGen module. For futher modules
SurfaceGen2 etc the command has to be repeated.

Options
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|& Options: | add border [T compactify

This port provides two toggles.

The first toggleadd border ensures that the resulting surfaces will be closed, ev&mnife regions
extend up to the boundary of the LabelField. Closed surfapesequired if a tetrahedral grid is to
be generated later on.

If compactifyis on then a specialized post-processing edge-contraettmique is used to reduce
the number of triangles in the resulting surface. See therii¢ion of the porMinimal Edge Length
below for a more detailed explanation.

Border

|& Border: ¥ adjust coords [ extra material

This port will only be visible ifadd borderhas been selected. It provides two toggle buttons labeled
adjust coordaandextra material

It the first option is selected points belonging to triangldgcent to boundary voxels will be moved
exactly onto the nearest boundary face of the bounding bkid way the resulting surface appears
to be sharply cut off at the boundaries.

The second toggle indicates that triangles adjacent todemyrvoxels will be inserted into separate
patches. The outer region of these patches will be cddbadrior2 If the toggle is off no such
extra material will be created. Instead, the boundary israssl to be labeled with 0, which usually
corresponds t&xterior.

Minimal edge length

‘a Minimal edge length: ID ‘

A non-vanishing value indicates that short edges of the nghace should be contracted in order
to increase triangle quality as well as to decrease the nupflieiangles. The value of the port
indicates the minimal allowed edge length relative to tlze sif a unit grid cell. By default, values
between 0 and 0.8 can be entered. Typically, a value of Oeé@yryields good results. However,
note that intersections may be introduced during edge actidn. If you want to avoid this try to
use thesimplification editor The editor applies some special strategies in order enspotogical
consistency.

1.93 SurfaceView

This module allows you to visualize triangular surfaces,, idata objects of typ8urface Derived
from the genericViewBaseclass, the module provides an internal buffer of visiblartgles. You
can add triangles to this buffer by means of two special opti@nus. For example, if your surface
contains regions FAT and MUSCLE, you may first highlight gfimgles separating these two regions
by choosing FAT and MUSCLE in poiMaterials Highlighted triangles are displayed in red wire-
frame. By pressing buttoAddof port Buffer highlighted triangles can be added to the internal buffer,
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which causes them to be displayed in their own colors. You meatrict highlighting by means of
an adjustable box. In order to resize the box pick one of teemhandles at the corners of the box.
Highlighted triangles may also be removed from the buffepbgssing buttofRemove In addition,
individual triangles may be removed from the bufferdhyft-clickingthem.

Connections

Data [required]
The surface to be visualized.

ColorField [optional]

In conjunction with a colormap an optional field can be vigead on top of the surface in pseudo-
color mode. The field may be either of typixScalarField3or of typeHxSurfaceScalarFieldin
addtion to scalar surface fields also 3 and 4-componentcgiifslds are supported. In this case, the
field components are directly interpreted as RGB or RGBAe®lT he values should range from 0
to 1.

Colormap [optional]
The Colormapis used to visualize the data values of a scalar field condeateortColorField.

Ports
Draw Style

‘& Draw Style: I outlined 'I more nptionsl

This port is inherited from th&lewBaseclass and therefore the description will be found there.

Colormap

|§ Colormap: [0 HE A ‘

This port becomes visible only if a scalar field has been coteakto theColorFieldport.

Buffer

|a Buffer: Addl Hemovel Elearl Showaidel Draw”

This port lets youadd andremovehighlighted triangles (being displayed in red wireframz)pn
internal buffer. For a further description and for the fuotlity of each of the port buttons see
ViewBase

Materials

‘a M aterials: Iﬂ Iﬂ ‘

This port provides two option menus listing all regions defiim the surface. By setting the menus
properly, you can highlight all triangles separating twéfedent regions. Highlighted triangles
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are displayed in red wireframe. You may restrict the set ghlighted triangles by means of an
adjustable box. Use poBufferto add or remove highlighted triangles to the internal huffe

Colors

|a Colors: ¢ nomal © mixed  bwisted & boundary idz

There are four different color modes:
Normal: Each side of a triangle is colored according to the color efdpposite region.

Mixed: Both sides of a triangle are colored in the same color, wtgchn mixture of the colors of
the two sides imormalmode.

Twisted: Each side of a triangle is colored according to the color efatjacent region.

Boundary id: Color denotes the boundary ids of the triangles. For eacimdemy id a separate
color can be defined in the surface’s parameter section. @ayrids can be set and removed using
the surface editar

BaseTrans

|& BaseTrans: I I A I s ‘

This port is visible iftransparenthas been chosen as the draw style. It allows you to modify
the transparency of the surface. For each material an omspesency value can be defined in
the surface’s parameter section. If base transparencybjsefRactly this default transparency is
taken. Larger values make all parts of the surface more apaxoaller values the surface more
transparent.

VR-Mode

‘a YR-Mode: Inu:u interaction 'I |

This port is only available in VR mode (s&& Pack documentation). It allows you to choose how
to interact with the surface using the 3D wand.gurerymode information about the clicked point
is displayed similar to what is displayed in standardira when clicking onto a surface with the
middle mouse button. The other modes seect patchesighlight patchesselect trianglesand
highlight triangles

1.94 TimeHistoryPlot

This module can be used to display time-history data star@d3preadSheet data object. The spread-
sheet column "time” is used for x coordinate. This moduletes a plot window displaying one curve
for each other column. Only columns containing float valuescansidered. Th&imeport can be
used to control a marker line showing the current time stéye. dlot buffer and curve port can be used
to add or remove curves from the plot.
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1.95 TimeSeriesControl

This module is created automatically if files are importeal thieOpen Time Series Data.option of
the main window's=ile menu. The module assumes that all files selected in the filedemrepresent
the same data object at different time steps. Instead ofrigaall files at once, a slider is provided
allowing the user to select the current time step. Whenevevatime step is loaded data, objects
associated with a previous time step are replaced. Thecamplent is performed in such a way that
connections to down-stream modules are retained.

The time series module is also able to linearly interpola&tsveen subsequent time steps. However,
this only works for certain types of data objects, namelyasies, tetrahedral grids, hexahedral grids,
fields defined on surfaces, tetrahedral or hexahedral guit$,data objects derived from the vertex
set base class. In addition, it is required that for each siee the same number of data objects
be created, that corresponding data objects are creatée isatme order in all time steps, and that
corresponding data objects have the same number of vedicglements. For example, you cannot
easily interpolate between surfaces with a different nurobiangles &mira provides other modules
to support this). If multiple data objects are created farhetime step, interpolation of particular
objects can be suppressed by switching off the orange vimgete of these objects.

In addition to the step number, the module can also dispkapliysical time associated with each time
step, provided the physical time is specified aBrae parameter for each data object. It is required
that the physical times of subsequent time steps be morwatibnincreasing. In order to use physical

time mode, the relevant time steps must be loaded in indeerficd.

Connections

Time [optional]
Connection to a global time object.

Ports

Info

|& Info: 3 steps, 0.00300003...7, time 0.00300003

This port displays the total number of time steps. If the ddipects provide a physical time in
a Time parameter, the physical time range is displayed too. If éisétime step has not yet been
loaded, a question mark is printed instead of the maximure tiadue. In addition, if a physical
time is provided, the current physical time or the currangtistep index is displayed, depending on
the value of thehysical time toggle

Cached steps

|a Cached steps: I9 ‘

Allows you to adjust the cache size. By default every time seached, i.e., the number of cached

TimeSeriesControl 153



steps is equal to the total number of time steps. If the nurabeached steps is zero the cache is
disabled. Data objects associated with a previous timeatepleleted before a new time step is
loaded. Interpolation mode requires a cache size of twg,jn@ddition to the current interpolated
time step, at least two additional time steps have to begiarmemory.

Options

|& Dptions: [ interpolate between frames [ physical time

The first toggle is used to activaiteterpolation mode In this mode, fractional time steps can be
specified and a linear interpolation between two subsediirapt steps is performed. Note that
interpolation can only be performed if certain requirenseare met (details are described above).

The second toggle is used to activateysical time modePhysical time mode is only available if
the loaded data objects providélane parameter. In physical time mode the time slider displays
the physical time instead of the current time step.

Time

& e <[IR JCC

Specifies the current time step or the current physical tifine. port provides a popup menu (right
mouse button click) which can be used to configure settingsdnimation mode or subrange in-
terval. The two outer buttons allow you to automaticallynaaie the time step or the physical time
forwards or backwards. Animation speed in physical time enceh be controlled via the increment
value in the configure dialog.

1.96 TissueStatistics

This module takes a uniform or stacké&bel fieldas well as an optional scalar field as input and
computes some statistical quantities for the regions defiméhe label field.

If the quantities are computed per material or per connemetponent, the different columns of the
spreadsheet have the following meaning:

e Number: Enumerates all materials (regions) of the label field.
e Material: Denotes which material (region) is stored in a row.
e Count: Number of voxels contained in a region.

e Volume: Number of voxels times size of a single voxel.

e CenterX: X-coordinate of the region’s center.

e CenterY: Y-coordinate of the region’s center.

e CenterZ: Z-coordinate of the region’s center.

If an additional scalar field is connected to the module, fivenmore columns will be generated:
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Mean: Mean value of the field in a particular region.

Deviation: Standard deviation of the field in a region.

e Min: Min value of the field in a particular region.

e Max: Max value of the field in a particular region.

e CumulativeSum: The cumulative sum of the values of the field in a particulgiae.

The scalar field will be evaluated at the center of each voxel.
Press thé\pplybutton to start the computation.

Connections
Data [required]
Label field defining the regions.
Field [optional]

Optional scalar field, for example the image data the lablel fseassociated with. If the scalar field
has the same dimensions as the label field, the voxels arssactdirectly. Otherwise, a lookup
using the field’s native interpolation method is performed.

Voi [optional]

Optional label field used as a volume of interest. It is onkydli$ the statistics are set YWlume per
VOI.

Ports

Select

|3 Select: IHegions j |

The quantities can be computed in different modes:

The results are stored inspreadsheetbject.

For example, in a medical application you may have two kidrmth assigned to the same material.
In the Material mode, the two kidneys will be interpreted as one object, @Rbgionmode as two
objects.

In modeVolume per sliceéhe slices are stored as rows in the spreadsheet. The coamiebeled
by the materials and the cells contain the volume of theseniadt in each slice. The scalar field is
ignored. The same output is produced by #lrea per slicemode. In both cases the voxel size is
used to calculate the value. Because of this, the area valuesponds to the volume value when
multiplied by the voxel size in the z-direction.

In modeVolume per VO(Volume of Interest) another label field must be attachetiéaccbnnection
named Voi. The rows of the spreadsheet are labeled with ttierials in this label field. The
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columns are labeled with the materials of the main label fietd each voxel of the main label field
it is determined to which VOI region the voxel center belotsThe voxel volume is then added
to the particular row of the spreadsheet. If the voxel ceisteutside of the bounding box of the
VOlI, it is ignored.

In modePolar moment of inertigthe moment of inertia about the z axis is computed which
describes the ability of the per-slice cross section to b&he larger the moment of inertia, the less
the section will bend. Additional values that are computetithe center of masg, , . and the
area- and mass-radius of gyration about the z ayig(/A,\/J./m). If the optional scalar field is
connected, the real center of mass will be used, otherwise@tls are assumed to count equally
(mass =1.0). The user may also provide a center of rotatiochwhill be shared for all slices.

Pixels

‘8 Pixels: ignore regions smaller or equal thanIEI |

This port will only be visible ifVolume per slicer Area per slices selected in th&electport. It
allows you to exclude small regions from the statistics.

Options

‘3 Options: [ detect center of mass

This port will only be visible ifPolar moment of inertias selected in th&electport. It allows you
to specify if the center of mass should be automaticallyaete

Center

|8 Center: HID _I,IID ‘

This port will only be visible ifdetect center of mass unchecked in th©ptionsport. It allows
you to specify the center of rotation.

1.97 VRML-Export

This module enables you to exportréangular surfacand optionally the 3D dataset from which the
surface is derived into a VRML scene. The scene consistsad@mate system and some animations:
the 3D dataset is displayed by three orthoslices. To getemtidw the basic 3D dataset is related to the
derived surface you can set the orthogonal slices via sliderolling through the triangular surface.
Moreover, the materials of the surface are clickable objeghich means that they can be hidden or
shown by a mouse click.

You can publish such a VRML scene directly on the web, justadlirik to it into your homepage. To
view the file by yourself, make sure that a VRML viewer plugkelCosmo Player (version 2.1 or
newer)from SGl is installed for your web browser.

If connected to the SurfaceView module, a special simpl®gxpode becomes available which pro-
duces a VRML scene containing only a single IndexedFace®kt.nThis is necessary for some 3D
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printers with limited VRML parsing abilities.
If no surface is connected, only the slices may be export&tRigL.
Press thé\pplybutton to start the export.

Connections

Data [required]

The surface to be inserted into the VRML scene. It can eitkeesiriamira Surfacedataset or the
SurfaceViewmodule.

Image [optional]
A scalar field of typdJniformScalarField3or of typeUniformColorField3is needed to export the
orthoslices. If omitted, no slices are displayed in the VR&tiene.

Ports
Tabbar

|8 Selection I\-"F!ML I Slices ||

Tab bar to navigate through the user-interface sections.Slibestab remains disabled as long no
image data is connected.

Info

|8 Info: 141776 tiangles, 70819 vertices, bwosided tiangle colors

In simple export mode, the coloring mode and the number cohifivies is shown here. (only
available in simple mode).

Selected

|8 Selected: Lobula, Medulla, Lobula-Plate, Exterior2

This port shows the selected materials (not available ipEmmode).

Material

|$ Material: | 2l -] |

With this port you can choose a material in order to add or oo it from the current selection
(not available in simple mode).

Buffer

|8 Buffer: Add tnl F!emc-vel I:Iearl

With this port the selection of materials can be modified. @fmove a material from the list, choose
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this material from théviaterial menu and presRemove Similarily you can uséddd Clear clears
the selection list. Initially, all materials are selectaedt(available in simple mode).

Mask

‘s Mask:  * &l  Selected in Sulfaceliew |

If the simple export mode was chosen, no selection by méaisri@rovided. Instead one can use
the selection mechanism of the connecBudfaceViewmodule. ToggleéSelectedo export only the
primitives selected there, i.e., the visible ones (onlyilatse in simple mode).

Simple mode

‘8 Simple mode: [ [export as a single IndexedFaceSet-Mode] ‘

If connected to the SurfaceView module, a special simplegxpode becomes available which
produces a VRML scene containing only a single IndexedFetaeile. This is necessary for some
3D printers with limited VRML parsing abilities.

Render specular

‘8 Render specular: [ [set a specular colar] ‘

Adding a specular color to the scene which makes the surface look like plastic.

Render smooth

|8 Render smooth: | [uze wertex nomalg] |

Gives the scene a smoother appearance by using vertex sormal

Move slices

|8 Move slices: [ [move slices through the wolume] ‘

If clicked, the slices will actually be moved through the wole when the sliders are operated.
Otherwise, only the textures mapped onto the slices aredycl

Static switches

‘s Static switches: [ [object toggles on fised screen pos)

If clicked, the small objects used to switch on and off thdame parts will be fixed on the screen.
Note that this requires at leaSbsmo Player 2.br similar.

Labels

‘8 Labels: I~ [chaw objsct labels]

Toggle this for displaying the material names near the rateggles in the VRML scene.

Export slices

‘8 Export slices: v
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If toggled, the slice images taken from the image data arerga@. If no image data is connected,
no slices are exported regardless of this toggle.

Data window

|a Data window: min IIJ mnas |255 |

Needed to map data values of input field to gray values. Seail@@uthoSlicefor details.

Slice numbers

‘& Slice numbers: |1EI I |1EI z |1EI |

Enter the numbers of slices per direction you want to be e in the VRML scene. Only
available on SGI and when image data is connected.

Filename

|& Filename: Pcvs.n"amirax’datax’amira-surface.wrl Browsel

Name of the file the VRML code is written to. If export of slicissselected, the slice images are
stored to the same directory.

1.98 Vertex Morph

This module takes twd/ertex Setobjects as input, e.g. two surfaces or two tetrahedral gedd
computes an output surface by linearily interpolating tegex positions. This can be used to create a
smooth transition between the two objects. Note, that theeimywut data sets must be related in order
to produce meaningful results. For example, the second tgaud actually be a copy of the first one
with an applied transformation.

Connections

Inputl [required]
First input data set. This data set is duplicated to produe®titput.

Input2 [required]
Second input data set, must have at least as many points fasthieput.

Ports
t
E — P |

Interpolation parameter. For t=0 the output will be idealtto the first input. For t=1 output will be
second input.
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1.99 \VertexDiff

The module computes the displacement field. A vector fieldsurface is computed by the difference
of the vertex positions of corresponding vertices in bottfiexes.

Press thé\pplybutton to start the computation.

Connections

Data [required]
Surface 1

Surface2 [required]
Surface 2

1.100 VertexShift

The module displaces the vertices of a surface. The digplents are given by one or more vector
fields. The computed vector fields automatically connedhéodomain surface.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The surface to be displaced

Vector field [required]
The displacement field

Ports

Info

|& Info: : Connect a vector field to move vertices.

Lambda 1

@ Lambda1:: | . |n.3714ed

For each displacement field, a paramétenbdacontrols the displacement. When the mouse is
moved over the slider, an icon indicates which field the slimongs to.
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1.101 VertexView

This module allows you to visualize arbitravgrtex setsVertex sets occur as part of objects of other
types, such asSurfacesTetrahedral Grids, Line Sets, or Molecules. The verti@she displayed in
three different modesspheresplates andpoints The vertices may be colored according to a scalar
field and a colormap. Alternatively, colors may also be defin@ the command interfacef the
VertexViewmodule. Furthermore an internal buffer exists that alloas o view only those vertices
that are of interest to you.

Connections

Data [required]
The data object from which the vertex set is read.

ColorField [optional]

3D scalar field which is used along with a colormap to colontéeices according to the value of
the scalar field at the position of a vertex.

Colormap [optional]
Used to color the vertices in connection with tBelorField.

Ports

Colormap

Broomrf NS W[ |

Port to select a colormap.

Draw Style

‘a Draw Style: & Spherez ¢ Plates © Points

Vertices may be drawn in three different styles:

e SpheresPoints are drawn as triangulated spheres with equal radius.
e Plates:Points are drawn as quadrats with mapped-on image of a sphere
e Points: Points are drawn as points. The size of the points does rfer di€cording to the

distance of the vertex from the viewer; they all have the ssize
SphereRadius
|& SphereRadius: || A ||UUU2393UE |

Specifies unique radius for all spheres. This port is onliplesf Spheresr Platesis chosen as the
draw style.
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Point Size

‘a Point Size: ﬂl|—} ﬂ|3 ‘

Size of points for draw styl®oints Only visible inPointsmode.

Complexity

|& Complexity: II A ID.2 ‘

Set complexity of displayed spheres. Reducing the comiplés@ds to coarser spheres and im-
proved rendering performance. If draw style is seplates the complexity controls the size of
the texture maps containing the sphere’s images. The shadure size is 32x32, the biggest is
512x512. The port is not visible for draw stypeints

Options:

‘& Options: ¥ showtest ™ tansparency [ buifer only ‘

A toggle list of options.

e Show text:If selected, vertex numbers are drawn. This might be quae,stspecially for
large vertex sets. Alternatively, you may select a verteglmking on it. Then its number is
printed in the console window.

e Transparency:Optionally, the spheres and plates may be drawn transpakerte that the
vertices are not sorted along the z-axis. Thus the appeamthe vertex set may look
incorrect.

e Buffer only: The default is to display all spheres of the vertex set. Bykatig this toggle you
can display only those vertices that were previously addelle buffer.

Text Size

|8 Ten sice: [ ~ [om0253)

Specify text size iEhow texis active.

Transparency

‘& Transparency: II A ||D.5 ‘
Allows you to specify the degree of transparency of the spher
Buffer:

‘& Buffer: .-’-‘«ddl Flemovel Clearl Shnwx’HideBoxl Inverll

A list of buttons for manipulating the internal buffer. Indar to actually see the buffer content,
activate thebuffer onlyoption.

e Add: adds selected vertices to buffer.
o Removeremoves selected vertices from buffer.
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e Clear: removes all vertices from buffer.
e Show/Hide Boxcontrols box to select vertices.
e Invert: exchanges buffer content.

Commands

setHighlightColor <red> <green> <blue>
Set the color that is used to highlight selected spheres.

setDefaultColor <red> <green> <blue>
Set default color.

setColorHighlighted <red> <green> <blue>
Color all highlighted spheres.

setColor [<first-vertex-number> [<last-vertex-number> 1l <red>
<green> <blue>

Set color for all spheres froffirst-vertex-numbeto last-vertex-numberlf last-vertex-numbeis
omitted, the color is set for the sphere with ind@st-vertex-number If first-vertex-numbeis
omitted too, the color for all spheres is sBed, green, and bluange from 0 to 1.

highlight <first-vertex-number> [<last-vertex-number> ]
Highlight spheres frorfirst-vertex-numbeto last-vertex-number

unhighlightAll
Unhighlight all spheres.

addToBuffer <first-vertex-number> [<last-vertex-numbe r>]

Add all spheres ranging frorfirst-vertex-numbeto last-vertex-numbeto buffer. If last-vertex-
numberis omitted, only the sphere with indéixst-vertex-numbeis added.

removeFromBuffer <first-vertex-number> [<last-vertex- number>]
Remove all spheres ranging frofinst-vertex-numbeto last-vertex-numbefrom buffer. If last-
vertex-numbeis omitted, only the sphere with inddixst-vertex-numbeis removed.

getNumVertices
Print number of vertices.

getCoords <vertex-number>
Print coordinates of vertex with numbegrtex-number

setTextSize <size>
Set size with which the text is displayed.

setTextOffset <x> <y> <z>
Set offset which is added to the text position.
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setTextColor <red> <green> <blue>
Set text color.

updateTextures

To bothplatesandspheredextures are applied to make the spheres look smootheke Hitection
from which the light comes changes, those textures needitedoenputed. Updating is invoked by
this command only.

setPickCallback <proc>

Registers a pick callback. The specified Tcl procedure iedalhenever a vertex is selected by
clicking on it with the mouse. The procedure is assumed tesako arguments, the name of the
VertexViewmodule and the id of the point which has been clicked. To utheepick callback, call
this method without an argument.

1.102 ViewBase

This module is the base class for several otiraira modules displaying a set of triangles, like-
surface SurfaceView GridVolume and othersViewBasas not useful on its own but provides special
features common to all derived modules. In particular,éeatures comprise the following:

A dedicated port allowing the user to modify thleaw styleof a triangular surface in an easy
and consistent way. All modules derived frafiewBasehus have a similar GUL. Among the
supported draw styles is a physically correct transparermye.

A genericbuffer concept allowing the user to select triangles by means of penOnventor
tab-box dragger. Only triangles added to the internal buwfié be displayed. Thus, complex
surfaces may be decomposed into smaller pieces.

An arbitrary 3D scalar field may be visualized on top of thartgular surface by means of
pseudo-coloring. Pseudo-coloring may be achieved via @alshading (mapped vertex colors
will be interpolated) or, more accurately, via texture maggvertex values will be interpolated
linearly and mapped to color afterwards).

The set of triangles currently being visible can be conekategtomatically into s&Surfaceobject.
This is useful for example in order to post-process isosedar to extract parts from a bigger
surface.

CommonTcl commandsillow control of many parameters of modules derived fidewBase
This includes line width, outline color, highlight colopecular color, shininess, alpha mode,
normal binding, and more.

Connections

Color Field
Arbitrary scalar field to be visualized via pseudo-colorifine color field will be evaluated at the
surface’s vertex positions and the vertex color will be ggtrariately.
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Colormap

Colormap used for pseudo-coloring. To connect the port tolarmap use the popup menu under
the right mouse button. To change the port’s default colickdt with the left mouse button. See
alsoColormap

Ports

Draw Style

‘a Draw Style: Ioutlined vl more nptionsl

This port determines the draw style of the surface. Five nmajdes may be selected via an option
menu:

Outlined: Opaque shaded display with edges superimposed.
ShadedOpaque shaded display without edges being visible.
Lines: Shaded wireframe display.

Points: Triangle vertices only.

Transparent:Semi-transparent display.

Transparent mode implies physically correct transpasmgie., triangles appear more opaque if
they are viewed under a small angle. It also implies appratendepth-sorting, i.e., triangles are
roughly rendered from back to front in order to obtain cortdgending results. Note that in some
cases visual artifacts may occur for long and thin triangles self-intersecting surfaces, or for
multiple semi-transparent surfaces being displayed sanabusly.

The drawstyle may be fine-tuned by means of an additional popenu which is activated by
clicking on the button labeleshore options This menu contains the following items:

ShadedEnables or disables specular highlights. Specular coldisaminess may be changed via
the Tcl command interface.

Gouraud: Indicates that if a color field is connected pseudo-colorngerformed via Gouraud
shading. First, colors are looked up at the traingles’ vedj then these colors are interpolated
inside the triangles.

Texture: Indicates that if a color field is connected pseudo-coloisngerformed via texture map-
ping. The color field’s values are interpolated linearlydyefcolor lookup is performed. In this
mode no specular colors can be used.

Opaque:All triangles will be rendered opaque.

Const alpha:Opacity values of a triangle will be taken as is. Usuallydfpseudo-coloring is done,
all parts of the surface will have equal opacity.

Fancy alpha:Enables physically correct transparencies. The triaagleacity values will be mod-
ified according to their orientation with respect to the \iiegvdirection. Causes the silhouette of
the surface to be fully opaque, thus enhancing perceptioveity transparent surfaces.
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Depth sorting: Enables approximate depth sorting. The triangle’s cermrpresorted along the
major coordinates axes.

Create surfaceCreates &urfaceobject containing the set of currently visible triangles.

The following items are only present for a subset of derivedinles, e.g./sosurfaceor Surface-
View:

Both facesindicates that triangles are rendered both from back and.fro

Front face: Enables back face culling. Increases rendering speed hutead to artifacts for non-
closed surfaces.

Back face:Enables front face culling. Increases rendering speed aytlead to artifacts for non-
closed surfaces.

Triangle normals: Enables per-triangle normals. Shading will be discontirsuat the triangles’
edges.

Vertex normals:Enables per-vertex normals. An average normal is computedliftriangle ver-
tices.

Direct normals: An averaged normal is computed for every vertex a triangl®. aMeraging is
performed if two neighboring triangles form an angle bigthem the crease angle set via the Tcl
commandsetCreaseAngle . The defaultis 30 degrees.

Buffer

‘a Buffer: .-’-‘«ddl Hemovel Cleall Shnw.f'Hidel Draw||

This port can be used to modify the list of currently visiblangles. All triangles being visible
are stored in an internal buffer. You may add or remove timérom this buffer via an Open
Inventor tab-box dragger. Triangles selected by this dzaggll be highlighted, i.e., displayed in
red wireframe. If the dragger is not visible, click on onelod buttons to activate it.

Add: Adds highlighted triangles to the buffer. If the Shift keynisld down while pushing the button
the buffer will be cleared before adding. The Shift key isezsally useful in conjunction with the
Draw selection.

RemoveRemoves highlighted triangles from the buffer.
Clear: Removes all triangles from the buffer.
Show/hide Shows or hides the tab-box dragger without modifiying therimal buffer.

Draw: Activates a lasso style selection mechanism: Using the engas can draw a curve in the
viewer. All triangles within this curve will be highlightedf CTRL is pressed while drawing, the
triangles within the curve are un-highlighted.

166 Chapter 1: Amira



Commands

createSurface [name]
Converts set of visible triangles intosairface

setAlphaMode  {opaque|constant|fancy }
Triangles may be drawn either opaque or transparent. Twgiecent modes are possible: with a
constant alpha valugonstant)r an alpha value varying according to triangle nor(fahcy)

setNormalBinding {perTriangle|perVertex }
Normals can be bound either per triangle or per vertex. Ifitsemode the triangles appear flat.

setPointSize size
Sets the size gboints

setLineWidth width
Sets the width ofines

setOutlineColor color
Sets color of lines imutlinedmode.

setHighlightColor color
Sets wireframe color of selected triangles.

setEmissiveColor color
Sets the emissive color of the surface.

setSpecularColor color

Sets the specular color of the surface. This will only takeatif specular lighting has been enabled
in portDraw Style

setShininess shininess
Sets the shininess of the surface.

showBox
Shows box that is used for selecting triangles.

hideBox
Hides box that is used for selecting triangles.

1.103 VolPro-1000

This module is available for Windows only. If you need it orhet platforms, contact us at
3d_hotline@mc.com or 3d _hotline _europe@mc.com.

Note that this module requires special hardware.
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This module provides high quality real time volume rendgtiyy exploiting the TetraRecon Volume-

Pro 1000 board (compareww.terarecon.coin The volume rendering algorithm is implemented in
hardware on the VolumePro board. Hence, the rendering cpetiermed at interactive frame rates
even on low-end machines. For general information abowtaelrendering see the description of the
\oltex module.

The VolPro-1000module exploits most of the features provided by the Voluroe®00 system, such
as transfer functions, lighting, super sampling, sevdaidhand modulation modes, cropping and cut
planes in the three main orientations. Rendering can be ic@dlvith other polygonal geometry, as
long as no transparent polygons are involved.

Press the\pplybutton to reload the volume to the VolumePro 1000 board(k)s may be necessary

after changing some crucial ports. As long there is no neegldad the volume, the button is disabled.
The default behavior of this module at its creation time it the volume into a single board. This
can be stopped by pressing the stop button in the work areédebie® progress bar. Then one could
change the multiboard parameters and press this buttotogdréhe volume.

Connections

Data [required]
The scalar field to be visualized. The module is also able talleeobjects of typé argeDiskData

Colormap [optional]
The transfer function represented by a colormap.

Ports
Tabbar

|& M aterial I Light | Crop/Cut IHendering I‘Jolume I‘

This port facilitates the navigation in the user interfaggbouping the ports.
Colormap
|8 colomap: [2 [0 [ttt [ |

This port allows you to select one of the predefined colornaayasto specify a range of the scalar
values which the colors of the colormap should be mapped to.

Alpha scale

‘& Alpha zcale: Il f‘-'_‘\\‘|1 ‘
This value scales the opacity of the object.

Super sampling space

|& Super sampling space: { objsct (¥ camera
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Supersampling is a technique for improving the quality & thndered image. This port allows
you to choose among two supersampling spaces, i.e. camérabgect space. Supersampling
in object space is especially useful if the distance betwbhervoxels varies strongly along the
three main axes. At rendering time object space supersagialctors are transformed into camera
space factors. Supersampling in camera space in the x amdgtidns results in more samples in
the base plane. This is done by multipass rendering, whiastidally decreases the performance.
Supersampling in the z direction results in more slices éniewing direction, which is supported
by the hardware and, hence, hardly influences performance.

Super sampling factors

‘s Super sampling factors: = |1 y |1 z |1 |

This port allows to specify the degree of supersamplingé»thy and z direction.

Blend mode

‘S Blend mode: * FrontToBack ¢ MIP ¢ MINIP |

Three blending modes are supported:

e FrontToBack:Going along the ray from the front of the volume to the back, fihal color
value is accumulated from all the samples.

e MIP (Maximum Intensity Projection)Chooses the voxel with the greatest intensity along the
ray.

e MINIP (Minimum Intensity Projection)Chooses the voxel with the lowest intensity along
the ray.

Modulation

‘S Modulation: | GMOM [~ GMIM

¢ GMOM (Gradient Magnitude Opacity Modulation)the original opacity is scaled by the
magnitude of the sample gradient. Thus only surfaces wildreeived.

e GMIM (Gradient Magnitude lllumination ModulationMultiplies the computed diffuse or
specular color with the magnitude of the sample gradienta Assult the illumination from
non-surfaces, which have small gradients, is reduced. GMIdhly effects the image if light
is applied to the scene.

Light

‘s Light: I topleft [ bottomleft [~ head I bottomright [ topright

Up to five lights can be applied to the scene at the same time.
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Specular color

‘8 Specular color: _I |
Specify the color of the light(s).

Diffuse

|8 Diffuse: IDT-"— ‘

Material coefficient.

Specular

|8 Specular: ID.? ‘

Material coefficient.

Emissive

|8 Emissive: I'I ‘

Material coefficient.

Shininess

|8 Shininess: |3 ‘

Material coefficient.

Light options

‘s Light options: Light Intenzity ID.? |

Light intensity.

Crop dragger

‘s Crop dragger: [ show [ enable

A dragger box can be used to crop parts of the volume. Witrstimavtoggle you hide or show
the box, which can then be scaled and translated in the viewindow. With theenabletoggle
cropping is switched on or off.

Crop mode

‘8 Crop mode: ISubvnIume 'I ‘

There exist six different crop modes:

e SubVolumeOnly the volume within the box is shown.

e 3DCross: The sides of the box are projected to the bounding box andyteg within
within this 3D cross is displayed.

e 3DFence:All voxels within the x-, y-, OR z-range of the box are disptay
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The results of these three modes can also be inverted.

Cut plane

‘a Cut plane: [~ enable I halfspace | invert

With the help of the cut plane slices of varying thickness barcut out of the volume. Either
the part of the volume defined by this slice or the rest of theme except this slice might be
visualized separately. Apart from slices half spaces catlipped. TheCut Planeport has three
toggle buttons, which determine how clipping is done. Thst fiutton enables or disables the
cut plane. If the second toggle buttdmalfspace is pushed, not a plane is selected, but a whole
halfspace, i.e. the volume on one side of the plane is clipfedother one is shown. The toggle
invertinverts clipping, e.g., if it is off andhalfspaceis off too, a slice with a certain thickness is
shown. If you then switch thiverttoggle on, the slice that could formerly be seen is now clippe
and the rest of the volume can be seen.

Slice number

‘& Slice number: ﬂlﬁ ﬂlﬂ ‘

Determines the number of the cut plane slice.

Slice thickness

‘& Slice thickness: ﬂlﬁ ﬂlﬂ ‘

Determines the thickness of the cut plane. Notice, thatitit&ness grows only into one direction.

Slice orientation

|& Slice orientation: ™ #y  xz O yz

With this port you can specify the plane which the cut planeudthbe parallel to.

Draft render

|& Draft render: | enable

If checked the rendering process gets simplified duringatlgirimation. The desired effect ist to
increase the rendering speed. The loss of quality is the oicthe more of interactivity. If the
objects stops to transform a maximum quality still pictiwedanederd.

Draft render quality

|& Draft render quality: Il T IEI.E ‘

With this slider one can adjust the amount of simplicity omlify loss when draft rendering is
enabled. The lower the value the faster but messier the reagielt. No matter which value was
chosen, the depth buffer feature (providing correct odotusvith polygonal objects) is always
turned off during draft rendering.
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Multiboard mode

|8 Multiboard mode: Ileplicate 'I |

A volume buffer can be replicated or spread over multipleux@Pro 1000 boards. This port can
be either set taingle replicateor split. The default isingledisabling multiboard rendering for that
volume. Multiboard modeeplicatereplicates the volume data onto all boards in the systemh Eac
board will render the entire volume for one horizontal bahthe output image buffer. This will
speed up rendering when the slowest part of the renderingepsds the ray casting process, but
will slow down volume updates because each update must gblioaads. Multiboard modsplit
splits the volume into pieces and loads one piece onto ea&td o the system. This allows very
large volumes to be rendered, since two boards will be absipport a volume greater than one
board. However, the images from each hardware renderingtipe are full size images that must
be blended together in a separate rendering process; theseatta overhead for rendering.

Multiboard min size

|8 Multiboard min size: |258 ‘

Minimum size to enable multiboard capabilities for a volume

Multiboard overlap

|8 Multiboard overlap: |E4 ‘

For multiboard rendering modlit, this specifies how much overlap there will be between thie spl
volume data. The minimum is 2, which is fine for non-mipmapwoés. The larger the overlap,
the more mipmap levels can be generated correctly. For eeampoverlap of 64 will allow levels

1 through 5 even with the mipmap shrink factor set to 50

Mip map min level

‘8 Mip map min level: ID ‘

Range of mipmap levels to use when rendering. Valid value® &o 32.

Mip map max level

‘8 Mip map max level: |4 ‘

Range of mipmap levels to use when rendering. Valid value® o 32.

Mip map min volume size

‘8 Mip map min volume size: ID ‘

Minimum size to enable mipmap capabilities for a volume.

Mip map shrink factor (in %)
‘s Mip map shrink factor [in %]: IED ‘

Shrink factor (in percent) to be used for automatic mipmapllgeneration. The valid range is 50
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1.104 \oltex

Direct Volume Rendering is a very intuitive method for vibziag 3D scalar fields. Each point in
a data volume is assumed to emit and absorb light. The amoadnt@or of emitted light and the
amount of absorption is determined from the scalar data mguscolormapwhich includes alpha
values. Default colormaps for volume rendering are prayidéh the distribution and can be edited
using thecolormap editarThen the resulting projection from the "shining” data volelis computed.

This module provides you with a hardware accelerated imptgation, which uses 2D or 3D texture
hardware, to allow for real-time rendering. Note that thisrently is not supported by all grahics
hardware. Currently hardware acceleration for 2D and 3Rutes is available on e.g., SGI Octane,
SGI Reality and InfiniteReality, SGI High/Max Impact, HP4xfx/6, and fx/10. The SGI O2 supports
2D texturing. Most PC graphics cards support 2D texture rimgp@lder SGI systems, like Indigo2

Extreme, and many Linux drivers currently do not offer haadsvtexture acceleration. Using this
module on the latter platforms can be extremely slow.

Note that on some systems a significant slowdown can ocche iflata set is larger than the available
texture memory (which typically is 4 - 16 MB).

Press theApply button to start the computations necessary to display thena Most parameter
changes require pressing this button again.

Connections

Data [required]

The 3D scalarfield to visualized. Alternatively an RGBA dadéume (Colorfield) can be connected.
In this case no colormap is used, but the color and opacityegahre taken directly from the data.
As a third mode the module can operatemualti-channel fieldsHere the transfer function for each
channel is computed automatically based on the channélemrator, the channels data range, and
the value of the Gamma port (see below).

ROI [optional]
Connection to a module providing a region-of-intereste lelectRai If such a module is con-
nected, only the selected part of the volume will be displiaye

Colormap [optional]
Colormap used to vizualize the data.

Ports
Options

|a Options: [ mip ¥ color table

mip stands fomaximum intensity projectioWhen this option is selected, the brightest data value
along each ray of sight is displayed instead of the resuli®&imission absorption model described
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above. This mode is especially useful for very "sparse” data, for example: angiographic data
or images of neurons.

color tableenables a transfer function lookup for monochrome data Vid@BAlookup mode is on.
When this option is activated only a quarter of the texturenowy is needed for RGBA rendering
and the color table and its range can be modified in real-tirae {ithout pressing\pply). Note
that due to incomplete OpenGL implementations some graiiwiards which claim to support color
tables, they do not. If you see artifacts or only plain whitees, disable this option.

Range

|& Range: min |'2DD mas |2DD ‘

This port is only available if the module operates on a 3Dad&tld and no colormap is connected.
In this case data values are mapped according to this rarag@es/smaller than the minimum are
mapped to completely transparent (no absorption and nsemjs Values larger than the maximum
appear completely opaque and emit the maximum amount df Nglues in between are mapped
proportionally.

Lookup

|& Lookup: T alpha ¢ luminance/alpha % raba

Only available if a colormap is connected. Afphamode, the colormaps alpha value is used for
both absorption and emission. LlumAlphamode, the colormaps alpha value is used for absorp-
tion, while the luminance is taken for (uncolored) emissibm RGBAmode, colored images are
generated by using all four channels of the colormap.

Colormap

Bovomn [ e [ |

Port to select a colormap.

Gamma

|a Eamma:llf,r_\‘— |3 |

Controls the shape of the transfer function when multi-clghfields are visualized. The opacity
value is taken to be = x7, x = 0...1 (proportional to data values). The smaller the mamwalue
is, the more prominent regions with small data values will be

Alpha scale

|a Alpha scale: II _\“1 ‘

A global factor to change the overall transparency of theafipdependent of the data value.

Number of slices

|a Humber of slices: ﬂll—ﬁ ﬂ|128 ‘
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Only available in 3D texture mode. The larger this numbez ltatter the image quality and the less
the rendering performance.

Texture mode

|a Texture mode: (* 2D 30

2D texture mode requires some precomputation time but als&sman machines which do not
support hardware accelerated 3D texturing, e.g., SGI @R.mode needs less setup time and
sometimes provides superior quality on high-end machines.

Downsample

|& Downsample: :»:I2 y|2 ZI'I ‘

You can specify integer downsample factors to reduce the gizhe data set on-the-fly. e.g.,
downsampling by 2 in each direction would decrease the diteecdata set by a factor of 8. This
can dramatically improve rendering performance.

Commands

showSlices 0|1
If set to 1, the slices used to display the volume are drawlineadt instead of full textured. This
mode is mainly useful for debugging.

setinterpol 0|1
Enables or disables linear interpolation of texture vallidmear interpolation is disabled a nearest
neighbor lookup is performed. By default, linear interpiola is enabled.

getinterpol
Checks if linear texture interpolation is enabled or not.

setColorTablelnterpol 0|1

Enables or disables linear interpolation within the colylé. The setting will be ignored if color
table mode is off or if color table rendering is done usingeftald textures. The default value is on.

getColorTablelnterpol
Checks if linear color table interpolation is enabled or. not

setColorTableMode 0|1|2|3|4

Sets the type of OpenGL extension used for color table molde nfodes are encoded as follows:
0 = Don’t use any extension, turning off color table mode.

1 = GL_SGl_texturecolor_table.

2 = GLEXT _palettedtexture.

3 = GLNV_fragmentprogram.

4 = GL ARB_fragmentprogram.

\Voltex 175



getColortableMode
Returns the type of OpenGL extension used for color tableemod

doBricking 0|1

Enables or disables bricking in 3D texture mode. If brickingnabled the volume is rendered
in smaller blocks even if it's size exceeds predefined sizke predefined size is by default 0.8
times the assumed texture memory size which depends onitthedn@ and operating system and is
obtained byamira on program startup. The texture memory size assumeuaiiga can be modified
by setting the environment variable AMIRAREXMEM (in megabytes). To alter the predefined size
factor of 0.8 one may set a different value in the TCL-vagafaltexTextureAmount

verbose 0|1
If value is 1 additional message for debugging are printed.

1.105 VolumeEdit

This module provides tools for the interactive modificatir8D image volumes. This is particularly
useful for removing noise or undesired objects in a 3D imagfere applying isosurfaces, volume
rendering or other image segmentation tools.

The module takes a scalar field as input and produces a newetada output which can be modified
iteratively. The module does not display any geometry inwiesver. It is typically being used in
conjunction with a Voltex or an Isosurface module.

Connections

Data [required]
The input dataset to be edited (uniform scalar field).

Ports
Tool
|& Took [ TabBox ]| | Elipsoid ] [ Lines ] |
The module provides two different types of tools: a lassorandool and 3D dragger tools.

The lasso or draw tool lets you encircle a specific regioné&3h viewer which then can be cleared
in the output data set. Alternatively the part not encirdiederior) can be cleared (cut away), or
the original data values can be restored in the encircledmedn order to use the draw tool, first
press one of the action buttonst interior, cut exterior or restore Then draw a line around the
specific region in the 3D viewer.

The dragger tools let you specify a region to be modified bgglireg, rotating and resizing a 3D
shape (box, ellipsoid, cone, or cylinder). A cut or restoperation can then be applied to the
interior or exterior part of that shape.
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ZeroLevel

|& ZerolLevel: ID ‘

This port specifies by which data value voxels in selecteibn=gare replaced when eitheut
interior or cut exterioris pressed.

Cut

|& Cut: interinll er:teric-ll

If the buttoninterior is pressed, voxels inside the region selected by a draggpesre replaced by
the zero level port. If the buttoexterioris pressed, voxels outside this region are replaced. If the
draw toolis active, you have to encircle the region to be replaced pfessing one of the buttons.

Restore

|a Restore: interiorl e:-tteriorl alll

If the buttoninterior is pressed, voxels inside the region selected by a draggpesire replaced
by the original data values. If the butterterioris pressed, voxels outside this region are replaced.
If the draw toolis active, you have to encircle the region to be replaced pftessing one of the
buttons.

If the buttonall is pressed, the entire volume is reset to its original state.

Edit

|& Edit: undol rednl create mask||

This port provides two buttons for undoing or redoing the tag or restore operation. Tlogeate
maskbutton creates a binary label field in which all voxel with adified data value are set.

1.106 VoxelView

This module can be attached to@nthoSlicenodule. It allows you to visualize contiguous 3D regions
of a LabelFieldor of some other uniform scalar field with integer values. Tdgions are selected by
clicking onto theOrthoSlicewith the middle mouse button. Starting from the selecteél@3D flood

fill process is performed. Multiple regions can be selectedHift-clicking multiple seeds.

By default the regions to be visualized are taken from theesenput object theDrthoSlicemodule

is attached to. However, optionally an independent scattd fnay be connected to théoxelView
module. For example, a@rthoSlicemodule may be used to visualize a stack of CT images, while a
VoxelViewattached to it is used to display segmented regions definzthipel field.

Press thé\pplybutton to hide all selected 3D regions.
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Connections

Slice [required]
The OrthoSlicemodule which provides the slice where seed points have teleeted using the
middle mouse button.

Data [optional]

Optional scalar field. If set contiguous regions of this figitl be displayed instead of regions of
the field theOrthoSlicemodule is attached to.

Colormap [optional]
The colormap used to color the 3D regions.

Ports

Colormap

Boomel WSS W[ |

Port to select a colormap.

Max Dist

‘& MaxDist 4| | mf[T5 ‘

This port limits the region growing process. At most the giveimber of slices are considered in
upward or downward direction. May be useful on slow machinesxrder to limit the number of
triangles.

Draw Style

& Draw Style: [Files =

Three different draw styles are providditled, lines andpoints Due to the regular structure of the
voxel data only three different face orientations occumug binly three different colors will be used
to render the voxel regions.

Floodfill Type

‘a Floodfill Type: I B neighbors 'I|

Specifies the kind of flood fill algorithm to be applied (neighbat faces, faces and edges, or faces,
edges, and corners). tifike allis selected all voxel with the same value as the seed voxebwil
selected and displayed.
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Chapter 2

Molecular Pack

2.1 AlignMolecules

This module enables you to align two arbitrary moleculesatcheother. However, the molecules need
to fulfill one precondition: they both must have (at leastg devel, thealign level with the same
name and an equal number of groups. The algorithm works &sv&l for each group of the first
molecule all its atoms attract all atoms of its correspogdjroup of the other molecule, whereby the
correspondence is established by the index of the groupeialityn level One possibilities to create
such levels is by using the modwdignSequences

The algorithm works iteratively. Starting from an arbitragosition, a force and a rotation are calcu-
lated at each step resulting from the attraction forceseftbms. The algorithm stops if the transfor-
mation from one step to another is smaller than some epsiloa.alignment found is not necessarily
the global minimum of the sum of distances between the cporeding atoms. However, it will always
be a local minimum.

If the global minimum is prominent, it can be assumed that thinimum will be found from each
starting position. In order to find out whether there existeotequally good local alignments, it is
possible to compute alignments starting from 20 differesstifions. The different alignments will be
stored in a list. You can then compare the alignments vigaaliwell as by the distance between the
two molecules.

Press thé\pplybutton to compute the alignment and transform the secondcultd.

Connections

MoleculeA [required]
First molecule to which the second molecule will be aligned.



MoleculeB [required]
Second molecule to be aligned to the first one.

Slave [optional]

You can connect any data object to this port. The same tremst@n that is applied to the second
molecule will be applied to this data object as well.

Ports
Options

|& Dptions: [ multiple transforms [ show alignment

e multiple transforms If this toggle isnot selected, a local minimum will be found starting
from the current positions of the molecules. If the togglsetected, molecule B will be
translated such that the centers of the molecules accotalithge groups found in thalign
Levelare at the same position. Starting from this position, 2@trons will be applied to
molecule B, and these new positions will be used as startinggfor the alignment.

e show alignmentlf this option is set, you can observe the alignment prowesslly. Other-
wise, only the final alignment will be shown.

Transforms

‘a Transforms: ﬂlh ﬂlﬂ |

If you compute the alignment with thraultiple transformgoggle switched on, this slider appears.
Once the computation is finished, i.e., for all 20 startingiffons at which the alignment was
computed, you can step through all alignments that diffeatvgpsilon. The epsilon can be set by
the commandetEpsilon Notice that if there is only one local alignment, it can bsuased that it

is also the global one. However, there is no guarantee.

Align Level

|8 Aion Leve: [ dobaSeatlont -] |

Select the level which is used for alignment.

Commands

getEpsilon
Prints the current epsilon that is used for comparison ofrénesformations.

setEpsilon <value>
Set epsilon to value, which should be smaller than 1.0. Clieelcurrent epsilon before setting a
new one with the commargktEpsilon
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2.2 AlignSequences

This module aligns the sequences of two molecules to eadh.offroteins as well as nucleic acids
can be aligned. Currently, it is not possible to align t-RN&jgences because they contain modified
bases deviating from the standard data format. The modulldwiadjusted and extended in the
near future. The output of the alignment is displayed in easmp window. Currently you may
choose betweelocal, semiglobal andglobal alignment. The algorithms are based on the Waterman
algorithms for pairwise sequence alignments usif@jasumweighting matrix for protein sequences
and aTransition/Transversiomeighting matrix for nucleic acids. Consider the followithgee cases

to decide which algorithm to use:

e local alignment
The local alignment algorithm is the best algorithm to ugeif want to match a short sequence,
possibly a subsequence or motif of some molecule, againsh@ dne. You can specify a
motif (e.g., a promoter sequence) and search for it in theeoudé of interest. Beware, the
local alignment algorithm is not useful for aligning two eequences to each other, e.g., two
related proteins. You might end up with a very large numbezfally evaluated sequences,
fragmenting the molecules in many pieces. For alignmenivoflbng sequences, you should
rather use one of the next two algorithms instead.

e global alignment with gap function
In this case, you want to match two related long sequenceadb ether, e.g., two related
enzymes. The algorithm matches the whole sequences pagdting gaps proportionally less
than many short gaps.

e semiglobal alignment
If you have no idea about the relationship of your two testeuoles, it is best to use the
semiglobal algorithm first because it will scan for the pblysbest matching parts of your
molecules without having to align the whole sequences dstivé global algorithm.

Press thé\pplybutton to compute the alignment and display it.

Connections

MoleculeA [required]
First molecule to be aligned.

MoleculeB [required]
Second molecule to be aligned.

Ports
Options

|& Options: | show alignment
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Toggle the button to show/hide the alignment. This toggkeissitive if an alignment exists, i.e., if
it has previously been computed.

Input

|a Input: ¢ molecules A<B ¢ molA/motif  molB/motif |

Which sequences should be taken as input for the alignménéeToptions exist:

e molecule A and B.
e molecule A and the specified motif (see below).
e molecule B and the motif.

Motif

|& Motif: [TATA ‘

You can specify a motif which will be searched for in a longegence. This port appears if one
of the last two options is chosen in thgut port.

Align Type

‘& Align Type: |nucleic acid ﬂ ||Dca| ﬂ ‘

You can align proteins as well as ribonucleic acids. Spetiéytype of molecule in the first pop-
up menu. In the second menu you can select one of three &lgerids explained abovéocal,
semiglobal or globalalignment.

Commands

setLimit <value>
With this command you restrict the number of alignments coteg from one start position of the
alignment matrix. The defaultis 10.

AlignView

& Local Sequence Alignment

1. Alignment: length: 259, in=zertion=: (64,41). relative =core: [0 66 A

1HVEm . pdb : PO-VT——L-T——0RPLVTIKIGGOLEEATLLDTGADDTVLE —

1IGH . pdb : DIQMTOSPSSLSASVGDRWTITCOASODISHYLAWYOOKP——G-K-APELR——I¥D——ASH——LE ¥
< | >

| Accept |[ Acceptall ” Cloze
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For each alignment, its number and additional informatiendisplayed in the first line. Currently the
information includes the length of the alignment, the nundfénsertions for both sequences, and the
relative score, i.e., the score divided by the length of fignment. The latter might be interesting
when comparing alignments between homologous sequences.

The AlignViewdisplays corresponding residues in blue. To provide an ateaut where in the se-
guences similarities have been found, the rest of the seguerdisplayed as well (in red). To find
out where in the sequence you are, just click at the posititimmthe sequence you are interested in.
Immediately, the positions for both sequences will be showthe lower-left corner of the window.
The clicked position will be marked by a black rectangle.

Apart from just showing alignments, thignSequencemodule allows you to add alignments as
levels to the aligned molecules. However, since there niighd large number of alignments and you
might only be interested in a few, the window allows you t@sealignments. In order to select a single
alignment, left-click on the row with the label Alignment The label will turn black. If you want to
select more than one alignment, use @td key. An alignment can be unselected by just clicking
on it again. All currently selected alignments are highieghby a black frame around the label. Those
alignments can be written to the molecules by pressindtoeptoutton. If all alignments are desired,
press thédcceptAllbutton.

When an alignment is written to a molecule as a new level,ediefs of the sequence that are not
matched, i.e., that correspond to a blank, are left out. Bottecules will have a new level with
exactly the same name and length. Thus, those levels careléysheAlignMoleculesmodule.

2.3 BondAngleView

The BondAngleVievoffers an alternative to thiloleculeView This viewing module, however, does
not display atoms and bonds but, as the name suggests, bgled aire., for every three atoms con-
nected by two bonds a triangle will be shown. The vertex cooe linearly interpolated across the
triangle. Apart from coloring the molecule as is done in MeleculeView the bond angles can be
colored according to a specified color field, e.g., the ebstatic potential, and a colormap. Here,
in addition to interpolating the colors, texture mapping t& applied which interpolates the texture
coordinates.

Connections

Data [required]
Moleculeto be visualized.

ColorField [optional]
Scalar field that can be displayed on the bond angle by pseoidoing.

Colormap [optional]
Colormap needed in conjunction with the color field.
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Continuous CM [optional]
Colormap that is used to map values of float attributes torsolo

Discrete CM [optional]
Colormap that is used to map values of discrete attributesintegers and strings, to colors.

Ports
Draw Style

|a Draw Style: I outlined "I more optinnsl

This portis inherited from th&iewBasemodule.

Colormap

(8 coomap: 2 | [ |

This port becomes visible only if a scalar field has been cot@ueto the color field port.

Transparency

‘a Tranzparency: II A ID.E ‘

If the draw style is set ttransparentthis port lets you configure the degree of transparency.
Color Mode

‘a Color Mode *  atom calors ¢ scalar field |

Allows you to switch betweenormalcoloring mode and coloring according to a scalar field.
Coloring

|8 color: _Legend [ [atoms =] [atomic_number = |

(8 conmnoscu [0 [ 0 |

@osceecu 1] NN W s |

8 betne cotor 1| 5= e e

For an explanation of the four ports above, see the desamijptithe general section afisplay of
molecules

2.4 BondCalculation
The module calculates bonds in a given molecular structyranalyzing the distances between the

individual atoms of the structure. A maximal distance valik be used to determine whether two
atoms are connected or not.
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This module is especially useful when being used with a miéethat is derived from a trajectory.
Each newly displayed time step will cause the bonds to bdaeleded. A similar module for bond
calculation is available via thenolecule editar This editor module offers advanced functionality but
cannot be used dynamically in the work flow of the Pool.

Connections

Data [required]
Molecule for which a new molecule with a complete bond stiteshould be computed.

Ports

Maximal atom distance

|a Mazimal atom distance: |/ A ||1.? ‘

The value determines the maximal distance between two afiondg below which they are con-
sidered to be connected by a bond.

Action

‘& Action: N Generate Mnleculel

Starts the computation of the new molecule.

2.5 CompMolinterface

This module generates a distance-based interface betweandlecules or between groups of a cho-
sen level of a single molecule. As results of the computagidfio/Surfaceand a distance field are
generated. Each point on this surface has the same distaurbe tlosest atom of both groups or
molecules. Viewing the surface with thMdolSurfaceViewmodule allows to access additional infor-
mation contained in the surface (e.g., kind of closest atokinal of group it belongs to). The distance
field can be used to color the surface.

Press thé\pplybutton to start the computation.

Connections

Molecule A [required]

Molecule for which interfaces should be computed. In casta@fcomputation of intermolecular
interfaces, this is one of the molecules for which the irtegs should be generated.

Molecule B [optional]
Second molecule for the computation of the intermolecultarface.
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Ports
Voxel size

Yoxel size: |/ 0.3
iy

Voxel size of thalistance fieldi.e., measure of discretization. The smaller the voxe,dtze longer
the processing time.

Cutoff distance

|& Cutoff distance: Il T |2 ‘

Largest distance from an atom that should be considereeialgorithm. Points further away than
the cutoff distance to any atom will not be considered in thrajgutation.

Distance to

|a Distance to: * atomcenter { wan der Waals surface

Select the type of interface. Choosing the first option tistaglice to the van der Waals surface will
be considered, otherwise the distance to the atom centarhwésults in an approximation of the
Voronoi diagram.

Levels

‘a Levels Iatnms "I ‘

This option menu allows you to choose the level of molecutaicsure for which the intramolecular
interfaces should be generated. For example, you mighttwaoimpute atomic interfaces on a very
low level, or you might just want to generate interfaces lemfunctional groups on a higher level
or even between secondary structures. This port disapfje¢axs molecules are connected to the
module.

2.6 CompMolSurface

This module computes molecular surfaces. Three types oéentdr surfaces can be generated: the
van der Waals (vdW) surfacthe solvent accessible surface (saahd thesolvent excluded surface
(ses) ThevdWsurface encloses all van der Waals spheres of the moleeatiteiss. Thesasencloses

all van der Waals spheres extended by some probe radiudlyfFiha sesencloses the subspace which
is not accessible to a probe sphere in the presence of theuwlepresented by its van der Waals
spheres.

The implemented algorithm allows the computation of thérmwlecular surface as well as of partial
surfaces. If the partial surface option is selected, thiasamwill only be computed for all highlighted
atoms (see, e.g., the description of tMelecule Selection Browsgr This module will register itself
at the Selection Browser, which allows you to restrict thenpatation of the molecular surface to a
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subset of its atoms. For example, if the molecule consistewéral chains, you can compute the
molecular surface of a single chain by deselecting the athains.

Apart from the option to compute either the full or a partiaiface, you can also choose between two
algorithms that differ in thguality of the surface generated, and also in speed. If time doesaiteim
you should always use the default opti@orrect However, if you are interested in the dynamic
behavior of the molecular surface, time does matter and yightwvant to use the second algorithm.
This algorithm works as follows. We start with an arbitratgra contributing to the surface. For this
we compute the atom’s surface contribution. All atoms agljado this atom’s surface are stored in
a list. Next, we take the first atom from the list and deal witmithe same fashion as for the very
first atom. Thus, in the case ofvalWsurface or arsaswe end up with the same surface as with the
correctalgorithm if the surface consists of one component. In casleesseswe run into problems if
two components are further away from each other than thegfgaliameter. Furthermore, tifi@ster
algorithm might not compute all cavities, whereasdtberectalgorithm will.

A maximum of two molecules may be connected to the module, émabling the surface computation
of a complex consisting of two molecules. This can be inteargsfor example, if you want to compute
the surface before and after a docking.

As a result of the computation a new object, i.e., the mobacsiirface, will appear in the Pool. To
visualize the surface, attach tMolSurfaceViewmodule to it.

Press thé\pplybutton to start the computation.

Connections
Molecule [optional]

The molecule for which the molecular surface should be cdethu

Molecule2 [optional]

If you want to compute the surface of a complex of two molesw®u must connect this port to a
second molecule.

Either of those two ports needs to be connected to some melecarder to compute a molecular
surface.

Ports
Surface Type

|& Surface Type: { wdW (" sas v ses

Choose betweewman der Waalssolvent accessibJendsolvent excludedurface.

Quality

‘& Quality: ™+ comect { faster {possibly incomplete)
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The default option computes the molecular surface cogrgatl., with all, possibly disconnected,
components and all enclosed cavities. The second algorittiaster because it does not compute
the molecular surface contribution for each atom, but oafysturface atoms. If the surface is not
connected, it might miss parts of the surface.

Probe Radius
|§ Probe Radius: |/ A [1.4 ‘

The radius of the solvent probe sphere. This port is onlyiadior the surface typesasandses

Edge length

‘& Edge length: [I 7, [0.480562 |

Choose the approximate edge length of the surface’s teanghis port corresponds to the number

of points perAQ, and vice versa. Thus, if you modify the value of this porg #alue of the other
port will be changed too.

Number of points

‘& Number of points per A™2: |/ s |5 |

With this port you define the approximate number of pointsierland thereby the granularity of
the surface.

Options

|a Options: | patial suface [ adjacent paiches [ no duplicate points

If the optionpartial surfaceis selected, only the surface of the currently highlightexes will be
computed. The second option, which is only active if the bgtion is checked and the surface type
sesis selected, initiates the computation of the highlighteares adjacent patches, i.e., toroidal
and spherical concave patches.

Surface area

‘a Surface area: | atomarea | residue area | specify attibute name

If either the first or the second option is selected, the egaet of the current molecular surface
will be computed and the size per atom or per residue, respggiwill be written to the molecules
topology. For the respective level, i.atomsor residuesyou will find a new attributearea, which
contains the contribution of each item to the overall siefacea. This allows you to color the
molecule according to the surface contribution. It furteeables you to select all surface atoms
or residues (seatom expressiorfer details). If the last option is selected, a text field waitlpear
allowing you to specify an arbitrary name for the attributéoi which the surface areas will be
written.

Attribute name

|& Attribute name: |arca ‘
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Specify an attribute name here, if you do not want to saveudhfase area in the attributgea In
order to do so, the third option of ti&urface aregort must be selected.

2.7 ComputeHAtoms

This modules returns a new molecule, into which new hydragtems have been added based on
geometrical and basic chemical rules. These rules includistnce, connection angle and chemical
possible connectivities. Press thpplybutton to start the computation, returning a new molecuth wi
possibly found hydrogen atoms.

Connections

Data [required]
The molecule for which new hydrogene atoms should be cordpute

2.8 ComputeHBonds

Using various methods for hydrogen bond detection, thisuteoceturns a molecule filled with a new
level (the hydrogen bond level) and possibly found hydrdgamds. Distance, angle, atomic number,
and other parameters may affect whether or not a hydrogeshdsasts between two atoms. Chemistry
only allows hydrogen bonds between oxygen and nitrogen stbat are closer than 3.5 Angstroms
to each other. The hydrogen bond calculation representsatbeefor further computations, such as the
secondary structure detection.

Press thé\pplybutton to start the calculation of hydrogen bonds.

Connections

Molecule [required]
A molecule for which the hydrogen bond level should be geeera

Ports

Minimum Angle

|3 Minimum Angle: |r 120 |

This angle determines the minimum angle a hydrogen bond hay&. The angle of each bond
is defined as the angle between the three atoms involved ibdhd (alpha carbon - oxygen -
nitrogen). The ideal value is about 180 degrees, repregpatperfectly aligned hydrogen bond.
Realistically this value may range from 120 to 240 degrees.
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Remove Residues of Type

|8 Remove Residues of Type: (3) none () H20 () HET () bath

Specifies restrictions that may be set for the hydrogen balwdiation. Removing atoms from HET
residues and/or water molecules may produce a cleanet.resul

Allow inner-residual HBonds

|8 Allow inner-residual HBonds: @ ‘ez  No

Toggle to allow inner-residual hydrogen bonds.
Maximum HBonds per Atom

‘8 Maximum HBonds per Atom: ﬂl o ﬂ|2 |
Specifies the maximum allowable number of hydrogen bondatoen.

2.9 ComputeSecondaryStructure

Using the Kabsch-Sander algorithm to detect secondargtates, this module creates a new molecule
filled with generated hydrogen bonds and possibly foundrsgay structures, such as helices, strands,
sheets, and turns. Chains are not detected.

Press thé\pplybutton to start the computation.

Connections

Data [required]
A molecule for which the secondary structure should be geadr

Ports

Minimum Angle

‘8 Minimum Angle: |/ 80

This angle determines the minimum angle a hydrogen bond hay&. The angle of each bond
is defined as the angle between the three atoms involved ibdhd (alpha carbon - oxygen -
nitrogen). The ideal value is about 180 degrees, represpatperfectly aligned hydrogen bond.
Realistically this value may range from 120 to 240 degrees.

considered atoms

|8 Considered Atoms: (%) backbone-enriched () all

This port allows you to select which atoms will be considetedng the computation. Better results
may be obtained when only backbone-enriched atoms are as#dtefcomputation.
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Write HBonds

|3 Wiite HBonds:  all % secondary stucture ©© none

This port lets you specify which hydrogen bonds to write out.
Maximum HBonds per Atom

|8 M aximum HEonds per Atom: ﬂl 7 ﬂIE ‘
Specifies the maximum allowable number of hydrogen bondatoen.

2.10 ConfigurationDensity

This module enables you to compute a probability densitytferpositions of atoms and bonds within
a molecular trajectory. The input is an object of tydelTrajectory As output either a scalar field or
a color field is generated. In order to visualize the compdtsusity you can, for example, apply the
volume rendering modulé/pltex.

Since the time steps of the molecular trajectory can berarijt rotated and translated, we must
perform an alignment for each time step to fit it best to sonwseh reference. This is done internally,
but you must specify how the molecules should be alignedc¢h ether. There are four options from
which to choose. The first uses all atoms for alignment, wigdine recommended option. In the
second you can select a few atoms (see below for more infam)atThe third and fourth useone
andcenter of gravityalignment, respectively.

For the representation of the molecule two kinds of geometrjects can be used: spheres and sticks.
Here, spheres represent the positions of the atomic nuuditiree sticks the existing bonds within the
molecule. You can compute the density for sticks, atomstickssand atoms.

Connections

Data [required]
The molecular trajectory for which the density should be pated.

AlignMaster [optional]
The molecule to which each time step of the trajectory wilabgned.

PrecomputedAlignment [optional]

Instead of aligning all time steps of a trajectory to thl@ggnMastermolecule, you can use a pre-
computed alignment to align the time steps.

Continuous and DiscreteColormap [optional]

These two colormaps are used for the color management obtheuted volume, in case a color
field should be generated.

ConfigurationDensity 191



Ports
Time Steps

|$ Time Steps: from |1 to [100 ‘

Specifies range of time steps for which the density shouldbepeited.
Voxel Size

‘S Voxel Size: [ 5, 01 ‘

This value determines the size of a voxel, i.e., its heigldthy and depth, of the field storing the
probability density.

Grid Dimension

‘s Grid Dimension: |

The dimension of the field grid resulting from the specifiedelsize.
Alignment

‘8 Transformation: |alignto master = ‘
‘s Select: ﬁ in sla'-f'e| in master| in I:-c-th| Set - |

The three ports above specify how the molecules are aligneddh other. See the description in
the general section amignment of moleculef®r a detailed explanation.

Shape

|8 Shape: | atom spheres [¥  bond cylinders |

Choose the geometry used to represent the molecule. If yaeiddighly varying trajectory, the
recommended shapedglinders

Radius Options

‘s Radius Options: + fixed  atom class dependent |

Use a unique radius for all atom spherézgd or take for each sphere the van der Waals radius
scaled by the value of pofttom Radiugatom class dependgnt

Atom Radius

|$ Atom Radius: [ o2 |

Radius of the atom spheres.
Bond Radius

|$ Bond Radius: [, 01 ‘

Radius of cylinders representing bonds.
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Field
‘& Feld: |Color Field ¥ ‘

This menu contains two optionScalar FieldandColor Field. Choose the first if you only want
the density. If you choose the second option, in additioéodensity, the color information will
be stored according to the color scheme (&&en Colorsport).

Atom Colors
‘& Atom Colors:  Leaend | | atoms | | atomic_number x| ‘

Determines how the field regions will be colored. For moreiinfation see the description 6blor
port in the section on displaying molecules.

Colormaps
[8 contoous cu [ [77 [ — 7|
[8 Decrecu [ M W [ |

These two colormaps are used to color the atoms and sticksdieg to the selected color scheme
in Atom Colors See the description in the sectionaigplay of molecule®r a detailed explanation.

Define Color

[8 bt o A 2] ] ]

The port is described in the section display of molecules

Compute

|8 compute: B8ox| o |

Invoke actions.

e Since for the computation of the grid dimension all molesuieed to be aligned, for a long
trajectory this might take some time. So it may not be deirabrecompute the grid dimen-
sion all the time. If you are interested in the size of the gefbre invoking the computation
of the field, theBBoxbutton must be pressed. The bounding box of the field, inofyadil
alignments, will be computed and from this, the grid dimensi

e Press théd-ield button to start the computation of the field. If the grid dirsi@m is not up to
date, it will be computed first.

2.11 CreateSphere

This module enables you to create a triangulated sphere algject of classSurface Center, radius,
and resolution of the sphere can be specified. Furthermouecgn choose among two different ways
of triangulation; they are shortly described below.

Press thé\pplybutton to start the computation.
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Connections

Data [not used]

Ports

Sphere Type

|& Sphere Type: & latitude  actahedran

If the first option latitude, is specified, the triangulation is done by first placing a hanof small
circles on the sphere. Neighboring small circles are placpddistantly to each other in terms of
their geodesic distance. We then place a number of pointadm@&mall circle, such that neighbor-
ing points on each circle are again equidistant to each .offiee distance between the rings and
points on each ring is close to a specified edge length. Wedbenect neighboring points on each
small circle by edges. In the next step, we connect pointseighiboring small circles with each
other to form a complete triangulation. Here, points areneated such that the edge lengths are as
short as possible. Finally, we add points at the north anthgmole and connect them to all points
on the smallest circles, respectively.

The second optiorgctahedrontriangulates a sphere by starting with an octahedron. Thehe-
dron is then retriangulated to match the given edge lengith tlze points of this triangulation are
projected onto the surface of the sphere. The edge lengtigpthss triangulation differ much more
than with thelatitudetriangulation.

Radius

‘& Radius: Il T |1 |
Radius of the sphere.

Point coords

|& Point coords: » ID y ID z ID ‘

Center coordinates of the sphere.

Edge length

Edge length: |/ 0.3393309
i

Desired edge length of the triangles.

Number of points per Unit2

‘a Number of points per Unit™2: Il s I'ID |

Number of points per unit square. This port influences thedelggth, and vice versa.
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2.12 HBondView

The HBondViewmodule allows you to display hydrogen bonds using two diffeérepresentations:
dashed lines or tubes. The display quality of the tubes carleeted by the user.

If the connected molecule does not contain information &lgydrogen bonds, the bonds will be
computed on the fly. These bonds will not be inserted into tiggral molecule.

A hydrogen bond is displayed using 5 differently coloredtpaalled "sticks”. The middle section
represents the hydrogen atom that is being shared by thetbrnesdhat this bond is connecting.

Connections

Data [required]
The molecule whose hydrogen bonds should be displayed.

Time [optional]
Time port.

Continuous CM [optional]
Optional colormap used for mapping float data to colors.

Discrete CM [optional]
Optional colormap used for mapping discrete attributeotors.

Ports
Type
|3 e
Selects the display modénesor tubes

Line width
|3 Line width: [«][— 7~ [#]2 |
Specifies the width of the lines.

Complexity

|8 Complexity: | 0z |

Specifies the complexity of the tubes. Higher complexity wibduce more attractive results, but
will take longer to draw.

Tube radius

‘8 Tube radius: |7 0.05 |

Specifies the radius of the tubes.
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Animation
|8 Animation: (%) no () yes

Starts an animated view of the hydrogen bond when using theedisplay mode. To visualize the
sharing of the hydrogen atom between the two atoms, the midition representing the hydrogen
atom will move slowly back and forward in the two directiorfdtte atoms involved in this bond.

End caps draw style

‘3 End caps draw style: () Flat () Cone () Hemisphere

Selects the way the end caps of the hydrogen bonds shouldnlaykd.
Coloring

‘3 Color: [Legend] |aloms v|| ataornic_nurnber v||

|8 Continuous ow: ()0 | I W |
[ piscretcow: @D ||
‘8 Define Color: Unzet | | Clear |

For an explanation of the four ports above, see the desamijptithe general section afisplay of
molecules

2.13 MeanMolecule

This module computes thmeanmolecule of a molecular trajectory by averaging the atonitipos.

In order to do this, the molecules need to be transformed mawn coordinate system. This can
be done either by aligning all time steps to some referendecule, or by computing transformations

with the PrecomputeAlignmemhodule.

Press thé\pplybutton to start the computation.

Connections

Data [required]
Molecular trajectory for which the mean molecule should beputed.

AlignMaster [optional]

In order to compute the mean molecule, all molecules of thgdtory need to be aligned with
respect to a certain molecule. This is done by right-cliglan the white square of the module icon
in the Pool selectingAlignMolecule and connecting it to a molecule in the Pool.

PrecomputedAlignment [optional]

Instead of aligning all time steps of a trajectory to thiignMaster you can use a precomputed
alignment to align the time steps.
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Ports
Time Steps

‘s Time Steps: from I1 to |2UUU |

Specify the range of molecules used for the computation.

Alignment

|8 Tlansfulmatiun:l align to master vl ‘
|8 Select: a||| inslavel inmasterl inbnth”set vI|

8 Selection empty

The three ports above specify how the molecules are alignedch other. See the description in
the general section aaignment of molecule®r a detailed explanation.

Option

|8 Dption: [ write result back to align master

Select this option if you want to iteratively improve the meaolecule.

2.14 Measurement

This module lets you determine distances, angles, and dihadgles between atoms of the molecule.

To obtain a measurement, you need to select the atoms th&d Aeeexamined. In order to select
objects in the viewer, you need to switch into the interactioode of the viewer (for example by
pressing the ESC key as a toggle) &td -clicking on the desired atoms. You can read about other
ways to select structures in the documentation ofSekection Browser

Connections

Module [required]
A module of typeMoleculeViewwhich can be used for the selection of atoms.

Ports

The following ports will only be visible if you have selectetlo atoms for distance measurement,
three atoms for angle measurement, or four atoms for measmteof dihedral angles.

Selected atoms

‘s Selected atoms: E50

This port shows the indices and sequence of the atoms thasadsfor the measurement.
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Options

‘& Options: ¥ show mean + standard deviation

This port is visible if your base molecule is derived from ajéctory. If you activate the toggle,
not only the measurement of the currently active time stapalso the mean value of the complete
trajectory and its standard deviation will be evaluated.|&@ge trajectories this may take some time
as all atomic coordinates have to be loaded for each time §epf you do not need this option,
leave it unchecked.

Angle

a Angle: 106559

This port shows the value of the measurement. For two selexttams, this is the distance; for
three, the angle; and for four atoms, their dihedral angléhe(dihedral angle is defined as the
angle between the two planes determined by the first threeteel atoms and the last three selected
atoms). The distance is given in angstroms, the angles iredsg

Time-Mean

‘& Time-Mean: 113.055 £ 6.32911"

This port is visible if your base molecule is derived from @edctory and thdime-meartoggle is
activated. It will show the mean value of the measuremen#grechining the arithmetic mean over
all molecules that are part of the trajectory. In addititve, standard deviation of the time-mean will
be shown.

Time Plot

‘a Time Plot: Shnwl ‘

Like the time-mean port, this port is only visible for trajeges. By pressing thBhowbutton you
can see the plot of the measurement against the time stelps tjectory. The vertical line of the
plot indicates the position of the currently shown time stEpe horizontal lines show the mean and
the standard deviation.

Selection

| a Selection:  Clear |

With the Clear button you can deselect all atoms.

2.15 MolSurfaceView

This module visualizes data objects of typISurface Objects of typeMolSurfacecan be either
molecular surfaces, such aan der Waals, solvent accessitide solvent excluded surfacegenerated
by theCompMolSurfacenodule, or it can be molecular interfaces, generated walCdmpMolinter-
facemodule. Apart from a connection to the molecular surfads,rttodule also should be connected
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to the molecules the surface was generated from, in ordeqpioiethe full functionality of theMol-
SurfaceView If the molecular surface was generated in the curaemita session and the molecules
were not deleted in between, tMolSurfaceViewvill be automatically connected to these molecules.

Like the other molecular visualization modules, this medaillows you to color the molecule, i.e., its
surface, according to various different color schemesgusiolecular Pack’s coloring component
TheMolSurfaceVievihas several pick modes implemented. Depending on the pidenuaticking on
the surface results in different actions. E.g., you canligghparts of the surface by clicking on it
with the left mouse button. How the click is interpreted deggeon the current selection mode. |If
defaultcolors are used, clicking is interpreted as in 8iefaceViewmodule. Clicking on the surface
with the middle mouse button displays information aboutdiieked on part of the molecule. See the
description on th@ick actionport for more information.

Connections
Data [required]
Object of classMolSurface
ColorField [optional]
Scalar field to color the surface according to physical onahbal properties.
Colormap [optional]
Colormap for pseudocoloring the surface according to thgegin a scalar field.
Molecule [optional]
Object of type molecule. Needed if information about thdame is required.
Continuous CM [optional]
Needed for coloring the molecular surface according to at@émiormation.

Discrete CM [optional]
Needed for coloring the molecular surface according to atémiormation.

Ports
Draw Style
‘& Draw Style: I thaded 'I more nptionsl
Colormap
(8 cooma: |7 BN W) |
BaseTrans
‘a BaseTrans: II A ID.B |

See the description of MolSurfaceViewiase clastr an explanation of the first three ports.
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Color Mode

‘a Color Mode: * default ¢ molecule © fisld

There are three color modes. The first mode uses defaultsdml@olor the outside triangles differ-
ently than the inside triangles. If one or two molecules anenected to thélolSurfaceViewyou
can choose the second mode to color the molecular surfaoedaeg to thecoloringcomponent(s).
The last mode, finally, allows you to color the surface by Usestalar field (representing chemical
or physical properties). This mode can only be chosen iXblerField port is connected to a field.

Default Colors

|8 Default Colors: ﬂoutside !Iinside

You can change the default colors by clicking on them. A ceftitor will appear, enabling you to
change the color.

Pick Action

‘8 Pick Action: ™ maolecule © clipping ¢ surface

You can change the behavior of the pick action by selectirgairihree modes. If the first mode,
moleculeis selected, left-clicking on the surface highlights te&ested parts of the surface, while
picking with the middle mouse button leads to information@itihe picked atom(s) being displayed
in the upper left corner of the viewer. dlippingis selected, left-clicking on the surface clips all
those parts of the surface further away than the value spédifi theclipping distance Finally, if
the modesurfaceis selected, the behavior will be like this in t&eirface View

Clipping Distance

8 Clipping Distance: |/ 10
iy

Distance threshold used for clipping.
Highlighting

‘8 Highlighting: Box| Draw | Clear

This port provides functionality for selecting (or hightigng) atom surface patches in the viewer
window. For more information, see the general sectiothigihlighting

Buffer

|8 Buffer: Addl Hemovel Heplacelﬂl Clearl

This port is the front end to a filter that determines the atonfase patches being displayed by
the MolSurfaceViewThe functionality of the port’s buttons are described ia ¢feneral section on
highlighting

Coloring

‘8 Color: Legend | |atoms | | atomic_number x| ‘
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[8 contimoscu [ [ — 0|
(8 oscrecn [T M W e |
|8 petine Cotor: 41| set | et Cear

The four ports above belong to tle®loringcomponent. There will be one component for each
molecule connected to tiolSurfaceView

2.16 MoleculeLabel

This module allows you to label certain parts of the moleclila MoleculeLabemodule is connected
to an object of typ&olecule all clicks in the viewing window normally handled by a viewgimodule
connected to the same molecule will instead be handled bitiieculeLabeimodule, by default.
Handling of a click by theMoleculeLabemodule means that it will change the labeling, i.e., add or
remove a label. The kind of label to be displayed depends ervigwing module and the current
selection mode. For example, if the selection modatisns a label for the selected atom will be
displayed; if it isresiduesa label for the residue the atom belongs to will be displayalto two data
items per label can be displayed. Which data is displayadbeaset in théttributesport (see below).

The user interface is built as follows. Thevelsport allows you to choose a label level. The other
ports, except the last on®ptions correspond to this level. They allow you to specify how thiedls

of the selected level will be displayed, i.e., what data s&pliiyed for each label, and in which color
and size labels are displayed. Do not assume that a labet gillected level will appear if you click
parts of the molecule. This solely depends on the selectiotlenas mentioned above. You may also
hide all labels of the current level.

The last portOptions does not refer to any level, but determines the overall\dehaf the module.

There are afew Tcl commands that allow you to set labels.s€heabelString command enables
you to set arbitrary labels to an atom or a group of atoms. I8&description of commands at the end
of this page for more information.

Connections

Data [required]
The molecule to be labeled.

Ports

Levels

‘a Levels: Iresidues ;I ‘

Choose a level to change the display properties of all labfthis level. TheAttributes Level
Option Buttons Font sizeandColorports have individual values for each level.
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Attributes
|& Attributes: I name ;I I type ;I |

Port to select two attributes that will make up the labehstifior the current level. By default, only
one attribute is displayed.

Level Option

|a Level Option: [ isVisible

If the level optionis visibleis set, all currently selected labels of this level are digpt. In order
to hide all labels of a certain level without removing theraselect this option.

Labels

‘& Labels: ﬂl Add highlighted groupsl Elearl Updatel

The four buttons of this port affect only the labels of thereat level. The first button displays
all labels, the second adds a label for each completely iligield group, the third button removes
all labels. Finally, the fourth button updates the labehgs according to the currently selected
attributes, then updates the positions of the labels tdalighem as well as possible.

Font size

|a Font zize: ﬂl O ﬂIM ‘

Change the font size of the level's labels.

Color

a Color: J

Color of the level’s labels. To change the color, click on @ador button. As result, a color editor
will be displayed in which you can choose the color you wish.

Options

‘& Options: [¥ hardle clicks ¥ replace athibutes

Overall options. If the first option is selected, clicks the¢ normally handled by the viewing mod-
ules will instead be handled by tiMoleculeLabemodule, resulting in new labels being displayed
and already visible labels being removed. The second optlows you to compose labels of one
level differently. If the option is not set, the currentlysdlayed labels will not be changed if the
Attribute port changes, otherwise they will.

Commands
There are a few commands to set labels via the command liegane.

setLabel <levelName/ {groupName|groupRange }> [<attrl>] [<attr2>]
This command sets new labels for a group or a range of growgsfigal by the first argument.
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If one or two attributes are given (as strings), those atteb will be assigned as labels to the
group(s). If no attribute is given, the currently selectédtautes of the level are used. For more
information about specifying a group or arange of groupssfiselist command in the description
of Molecule

Example:

setLabel residues/NIL14-NIL98 name index

unsetLabel <levelName/ {groupName|groupRange }>
Hides the labels of the specified group or range of groups.

setLabelString <levelName/groupName> <string>
Assign the label ‘string’ to the specified group.

2.17 MoleculeView

The MoleculeViewallows you to display molecules in three different repréagons: atom spheres,
wire frame, and ball-and-stick. For each of these represients there are twQuality modesfastand
correct

Atoms can be colored according to tgeoupingsdefined on the molecule, e.g., atoms, residues, and

chains. Moreover, the displayed part of the molecule carebgicted by using theelection browser
as well as by interaction in the viewer.

In addition to just visualizing molecules, this module go®ms tools that facilitate interaction with the
molecule. For example, you can select atoms to find out winidbx they have and which group they
belong to. The ability to select atoms is also a precondfioithe alignment procedure described in
the section oraligning molecules

In order to measure distances and angles in the moleculg;diigk the MoleculeViewin the Pool
which will open a pop-up menu with the entiyeasurement

Connections

Data [required]
The molecule to be visualized.

ReferenceMolecule [optional]

A reference molecule must be connected if you want to studyatteration of the torsion angles
from one time step of a molecular trajectory to another (se®ptionsport below for more infor-
mation).

Continuous CM [optional]
The colormap that is used to map values of float attributeslars.
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Discrete CM [optional]
The colormap that is used to map values of discrete attisbetg., integers and strings, to colors.

Ports
Mode

|a Mode: 1 balls & sticks balls and sticks

Select one of three main display modes: balls, sticks, ds bald sticks. The default is sticks.

Quality

|a Quality: * fast  comect

The appearance of the balls and sticks can be altered bytisale€ one of two different qualities,

a fastmode and aorrectmode. The fast mode shows sticks as lines and spheres byrirende
a square with the image of the sphere. This permits the disgfldaarge numbers of spheres at
interactive speed. However, showing the image of a spheamshe 3D expansion of the sphere
in only two directions is taken into account. As long as nofithe spheres intersect, there will be
no visible difference between spheres drawffeist mode and spheres drawnéorrectmode. In
the correct mode, spheres are represented by texturedutaammeshes and sticks by cylinders.

Options

|& Options: [ single radivs [~ bondtype [ torsion angles

Single radius display all atoms with the same radius.

Bond type (only in fast quality modedlisplay correct bond type, e.g., single, double, triple, o
aromatic.

Torsion anglesdisplay torsion angles by the use of a coil around the stick.

Atom radius

‘& Atom radius: | 7, 0.1 ‘

If the optionsingle radiusis selected, the value given here will be interpreted asptherg radius
for all atom spheres. Otherwise, the value scales the vawdals radius of the atom.

Bond radius

‘& Bond radius: |1, [0.05 ‘

Radius of cylinders representing bonds (only visibleanrectdisplay mode).

Twist factor

‘& Twist factor: |/ 7 [1 ‘

Allows adjustment of the twist of the coil.
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Coloring
|a Color: Legend | [atoms v | atomic_number =] |
[8 cotiruowscu [ [ [ M |7 |
(8 Decretecu [7 7 NN M 5 |

|8 Define Color: 41 | 5et| Unset | Gear|

The four ports above are described in the general sectiafisoalization of molecules

Highlighting

‘a Highlighting: E Draw | Clear
This port provides functionality for selecting (or highiiing) atoms in the viewer window. For

more information, see the description of the highlightigtpn the general section arisualization
of molecules

Buffer
|a Buffer: .F'tdd| Remove| Replace |ﬂ Ciear|

This portis the front end to a filter that determines the satofns being displayed by théolecule-
View. The buttons are described in the sectiorv@ualization of molecules

Commands

setTextureAntiAliasing <value>

This command enables (1) or disables (0) antialiasing fertéxtures used in fast sphere mode.
Antialiasing has no impact on the rendering speed. Howéwaantialiasing is enabled and you have
many different colors, the generation of the textures miightonsiderably slower.

2.18 Observables

This module is used to display information about a molectikgectory. All properties stored in the
trajectory can be displayed, e.ggtential energykinetic energytotal energyetc.

Connections

Data [required]
The molecular trajectory for which properties should beliged.
Time [optional]

A time object that may be connected to the module in ordernalsionize, e.g., a viewing module
with the line in the plot window, indicating the position dfet time step within the trajectory.
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Ports

Option

|8 Dption: ' mad (" observables

The two options allow you to specify which kind of valuept mean square deviation (rmsd)
some observable value, should be displayed. The obserygidleneeds to be further specified by
the Observableort.

Alignment

‘s Transformation: Ialign ta master "I |
|8 Select: aIIl inslavel inmasterl inbnthl ISet vI|

‘8 Selection: empty‘

The three ports above specify how the molecules are tramsihbefore computing thensdvalue.
See the description in the general sectioraignment of moleculefr a detailed explanation.

Observable Type

‘8 Obszervable Type: Ipntential_energ_l,l ;I ‘

Choose the type of property that should be plotted.

Action

‘s Action: Show plntl |

Plot theObservable Typwithin a new window.

Plot Option

‘8 Plot Option: ¥ display probe values [ single plat

Select the first toggle if the values of the plotted properéiethe current time are shown in the
plot window. If the second option is selected, only a sind& will be shown, and changing the
Observable Typwill update the current plot.

Time

|8 Time: ﬂﬂﬁ ; Mﬂh |

This port is most useful in conjunction with a viewing modinieorder to see the property of the
displayed time step. In order to create a time object, clickTime slider with the right mouse
button and selecEreate timefrom the menu. As a result a time object will appear in the Pool
which should be connected with an object of tyjgelecule which can be visualized with, for
example, theMloleculeViewmodule.
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2.19 PrecomputeAlignment

This module can be used to generate a data object that cematamlignment for every step of a whole
trajectory

Press thé\pplybutton to start the computation.

Connections

Data [required]

The molecule must be connected to thelecular dynamics trajectotirat the alignment should be
computed for.

AlignMaster [optional]

Reference molecule.

PrecomputedAlignment [optional]
You will find the description of the above two connectiongia section omlignment of molecules

Ports
Mode

‘& Mude;l Multiple Alignment vI |

Two modes are available. In the first modeiple alignment the module acts as a recorder for the
time-step-based alignments described in the se&igming Molecules In the second moder(ul-
tiple alignmeny, the mean squared distance of every time step to all otimer steps is minimized.
A reference molecule can be connected to specify atoms takiea into account. If a reference is
connected, the mean of the aligned time steps will be aligoéte reference.

Alignment

|a Tlanslnrmatinn:l align to master vl ‘
|a Select: aII| ity slavel i masterl ity I:u:ulh” Set VI |

‘ a Selection all atoms

You will find the description of the three ports above in thetga onalignment of molecules

2.20 RankTimeStep

This module takes an object of typdol Trajectoryas input and either sorts all molecules in the trajec-
tory or selects a single molecule from the trajetory. Sedacind sorting can either be done using the
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observablevalues of the trajectory or thrensdvalue in comparison to a specific molecule, which then
needs to be connected to the module.

The module is, e.g., very helpful in conjunction with the mdfor the computation of themean
molecule It allows you to find the time step in the trajectory that lsggtroximates the mean molecule.

Press theé\pplybutton to start the search (and sorting). When pressingutterbfor the first time, a
new object of typeMolecule connected to the trajectory, will be added to the Pool. Tiigecule is
used to set the index of the molecule with min value, max vahseccording to the index of the sorted
list.

Connections

Data [required]
Molecular trajectory for which the mean molecule should beputed.

AlignMaster [optional]

This connection is only required if you want to search thgstimry according to themsdvalue,
since then you will need a reference molecule.

PrecomputedAlignment [optional]

Instead of aligning all time steps of a trajectory to tl@gnMastermolecule, you can use a pre-
computed alignment to align the time steps.

Ports

Search Option

|& Search Dption: ¢ med (% observables

The two options allow you to specify which kind of valuept mean square deviation (rmsdj
some observable value, should be used for ranking the tieps sif the trajectory. The observable
type needs to be further specified by thbservableort.

Search Option 2

|a Search Option 2: ¢ min  max * all sorted [min first)

Three options are possible. The first two allow you to seacchafsingle time step with either
minimum of maximum value. The last optioall sorted gives you the most flexibility and is
therefore the default.

Observable

‘a Dbservable: Ipotential_energ_l,l ;I ‘

This port allows you to select the observable you are intedgs.
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Alignment
|& Transformation: | glign to master * |
|& Select: ﬂ in slave inmaster| int-c-th| Set w ‘

The three ports above specify how the molecules are transfbbefore computing thrensdvalue.
See the description in the general sectioraignment of molecule®r a detailed explanation.

Sorted Timesteps

‘& Sorted Timesteps: ﬂlﬁ ﬂlﬂ ‘

This slider allows you to step through the time steps aftetirep Time step O is that having the
minimal value.

2.21 SecStructureView

This module provides the functionality for viewing the sedary structure of a molecule. It relies on
the information given in the data entry of the connected mdie Helices, sheets, and turns can only
be displayed if information about these structures has beghin (for example from pdbfile).

The backbonewill be interpolated by using the coordinates of those ataingse type is set to “N”,
“C” and “CA. If the atom-type attribute does not exist (foxample, molecules that have been im-
ported from UniChem files) no backbone can be viewed.

The user interface of the module includes general ports to configure the oveggtearance of the
molecule, as well as specific ports for each secondary steitype. The latter let you adjust type-
specific parameters, such as colors or widths. To switchdxtthe specific ports, click on the struc-
ture type you want to configure in théew Optionsport.

Selecting and Highlighting: Parts of the molecule can be selected by clicking onto speeifjions
in the selection mode (you can switch to the selection modhetiiewer by pressing the ESC key).
The default level of the structure that is selected is thsithge” level. A detailed description of the
selection concept can be found in the sectitsualization of moleculesSelected structures will be
highlighted in the color that you choose in the pHrthlighting Color

Connections

Data [required]
The molecule that is to be viewed.

Ports
General Ports:
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General Shape

|8 General shape: © Catoong ¢ Threads ¢ Flat Ribbone & Solid Ribbons

This port determines the general shape for viewing the skgrstructure. The following view
modes are available:

e Cartoons: In the cartoonmode, you can select a view mode for each secondary structure
type separately. The backbone and the turns will be showntsestthat run through the
central atoms of each residue. For helices and sheetsicaddifmore abstract) view modes
like cylinders or arrows are available. You can configureséheubmodes in the specific port
sections for the secondary structure type. This is the moats frequently used for repre-
senting the secondary structure of a molecule. Howevenrdliie complex triangulation, the
rendering performance is distinctly worse than that of teeptwo modes.

e Threads: The backbone will be drawn as a set of lines running paralléi¢ peptide planes
of the amino acids. This mode will show the surface orieatedif the backbone, thus making
parts containing symmetries (like helices or sheets) yasdognizable. It is also the view
mode which can be rendered fastest.

e Flat Ribbons: Same as the thread mode, but the areas between the linesevélifiied
surface, thus giving a better surface impression with th@eoff of slightly lower rendering
performance.

e Solid Ribbons: Unlike flat ribbons, solid ribbons will have an elliptic cesection.

Threads Line Width

|3 ThieadsLine Width: «|[x— | »|f1 ‘

This slider lets you adjust the width of the threads-lines.

View Options

|8 Yiew Ophtions: ©+ Backbone  Helices ¢ Sheets 7 Tumns

To switch between the options of the different structureegyyou can use these radio buttons. The
option ports for the different structure will then be vigbl

View Structures

‘8 View Structures: v Backbone [v Helces |v Shestz [v Tumsz

This port can be used to filter out the display of all sheeticé® or turns. The backbone parts will
be displayed as random coil tubes instead.
Filter

The secondary structure view also employs a filter which @anded to hide certain parts of the
molecule. You can hide sections by using ge&dection browserThis port is explained further in
the sectiorvisualization of molecules
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Complexity
|8 Complexity: | I A |D.5 |

The Complexityport allows the adjustment of the overall exactness of thecsires displayed.

It will influence the number of points with which the backbormordinates will be interpolated
as well as the detail of triangulation or the number of lineshie thread view mode. If you are
viewing large molecules on a machine with slow graphicsWard, turn this value down to a more
appropriate value.

Highlighting Color

|3 Highlighting color: | |

Lets you choose in which color selected residues will be liggted.
Backbone Ports:

Backnone Width

|3 Backbone Width: |7 o5 |

With this port you can adjust the width of the backbone shosvtiheeads or ribbons. A similar port
exist for the other secondary structure type.

Backnone Eccentricit

|8 Backbone Eccentricity: I& |D |

If the general shape isolid ribbonsthis ports lets you configure the elliptical eccentricitytie
range between 0 (completely flat ellipse) to 1 (circle). Aimport exists for the other secondary
structure types.

Backbone Tube Radius

Backbone Tube Radius: |/ 0.2
i

This port lets you change the backbone radius.

Coloring

|$ Backbone Color: Legend | [ residues =] [name =] |
|$ Cont. CM: [ ¢ [7 [ | [200 |
|$ Disc. CM: [ £ [7 [ [[7 ‘

|8 Define Enlnl:ﬂﬂ Unzet ﬂ

The four ports above are described in the sectiowisaalization of moleculesSimilar ports exist
for helixces, sheets, and turns.
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Helix Ports:

Helix shape

|8 Helix shape: ¢ Tubesz & Cylinderz ¢ Ribbons

This port lets you choose between different methods for vigwelices incartoonmode.

e Tube: The tube view will show the helix by drawing a tube connectihg interpolated
backbone coordinates.

e Cylinder: The cylinder view will approximate the axis using a leastasgs error minimiza-
tion for the sum of the distances between the backbone awateti of the helix and the axis.
These axes will be used to center the cylinders for the elice

e Ribbon: The ribbon view is simlilar to the tube representation exdeat the backbone is
shown using a surface whose normals are set perpendiculer peptide planes.

Helix Radius

Helizx Radius: |/ ns
it

With this port you can adjust the radius of the shown tubesytinders.

Sheet Ports:
SheetShape

|8 Sheet zthape: { Tubes * Arows

This port lets you choose between different methods for wigwheets ircartoonmode.

e Tube: The tube view will display the sheet using a tube connectiegriterpolated backbone
coordinates.

e Arrow: The arrow view will display arrows that indicate the oridida of the peptide planes,
thus showing the surface determined by the hydrogen bortdeba the strands.

Sheet Arrow Width

Sheet Arrow Width: || 15
it

This port is visible if you view the sheets as arrows. It datiees the width of the arrows.

Sheet Arrow Height

‘s Sheet Arrow Height: |I A |EI.2 ‘

This port is visible if you view the sheets as arrows. It deiees the height of the arrows. If the
height is 0 an optimized (and faster) triangulation will lzed.
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Sheet Arrow Options

|& Sheet Arrow Options: v broad head v smoothed

Thebroad headption will show the start of the arrow head wider than thearail. Thesmoothed
option will Bezier interpolate the backbone coordinatethefsheet to produce a smoother visual-
ization of the surface.

Sheet Radius

‘a Sheet Radius: |I A |EI.3 ‘

If you view the sheets as tubes, this port lets you configueeddius of the tubes.

Turn Ports:

Turn radius

|& Turn radius: || o |D.3 |
This port lets you specify the radius of then tubes.

Commands

The console window offers some additional functionalitheTeasiest way to use the console for
a SecStructureView is to click on the viewer object in the IRoa then press th€AB key in the
console window to display the name of the selected objederAtfie name you can use the following
selection commands:

setResidueTransparency <residuelndex> <transparency>
Will set the transparency of the residue with index jresiddex¢, to the value of jtransparencyy,
which must be in the interval [0,1].

setSecStructTransparency <seclndex> <transparency>
Same as above but will affect all residues of the secondeugtstre jseclxg,.

setResidueColor <residuelndex> <r> <g> <b>

Will set the color of the residue with index jresiduelndexghe color which is given in rgb values
in the intervall [0,1]. The effect of the change will be unéaas soon as you change a coloring port
of the module.

setSecStructColor <seclndex> <r> <g> <b>
Same as above but will affect all residues of the secondeugtstre jsecindexg,.

setSpeculatiry <s>
Set the specularity to js¢, where 0 is minimal and 1 is maxipedslarity.
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2.22 TubeView

With the TubeViewmodule you can connect an arbitrary set of consecutive atdthsa tube through
interpolated atom coordinates. To define the atom set, yowseaatom expressionshe order with
which the atoms are connected is determined by their sequenc

Selecting and Highlighting: Parts of the molecule can be selected by clicking onto speeifjions
in the selection mode (you can switch to the selection modbefiewer by pressing the ESC key).
A detailed description of the selection concept can be fanrtde sectiorvisualization of molecules
Selected structures will be highlighted in the color that ghoose in the pottighlighting Color

Connections

Data [required]
The molecule you want to be shown.

Ports
Part

|a Part: Ibackbonereduced

This port lets you enter amtom expressiant he atom expression will determine the set of atoms that
will be connected. The default valuebsickbonereducedvhich means that the tube will indicate
the location of polypeptide and RNA/DNA backbone atoms.

To restrict the display to just a few atoms it is more convetiie use the filter that can be accessed
with the Selection BrowserTo include atoms in the sequence to be shown it must be dotihe
set defined by the atom-expression as well as the filter.

Distance Cutoff

|a Distance Cutoff: II Y ||8 |

All atoms that are further away than the specified value vatllre connected.
Radius

‘& Radius: [T 7 Joz |

This port specifies the radius of the tube.

Interpolation Method

|& Interpolation Method: IbSpIine 'I |

The tube coordinates will be interpolated by using the atoordinates as base points. This port
lets you choose the interpolation methdgiSplineinterpolation is generally smoother thanbic
interpolation but the tube will not necessarily run throdigé atom coodinates.
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Complexity

|& Complexity: Il o ||D.3 |

This port specifies the complexity of the tube triangulaenwell as the number of interpolation
points to be added between each atom coordinate. The higheatue the better the display quality
but the slower the rendering.

Coloring

‘& Color: _Legend | [atoms =1 [indes =l |

|& Disc. CM: | ¢ [o [ IE ‘
Breomow [ [ [ |
|8 Define Color: 41| 5et| Unset| Clear| |

You will find the description of the four ports above in thets®t on visualization of molecules

Highlighting Color

|a Highlighting color: _I |

Tube sections that belong to atoms that have been hightighith the Selection Browsewill be
shown in this color.
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Chapter 3

VR Pack

3.1 VR Pack control module

The VR Pack module is the central control module of théR Pack Virtual Reality Exten-
sion It allows you to activate different screen configuratiopgdfied in config files located in
$AMIRA_ ROOT/share/config or $AMIRA LOCAL/share/config . For details about sup-
ported features such as multi-pipe or multi-thread remggrsoft-edge blending, passive stereo sup-
port, or head-tracking, please refer to the mdit Pack documentation. In the following we assume
that you are already familiar with the basic concept¥BfPack.

Ports

Config

|& Config: reload | wite | [caveswalctg ¥ ‘

This port provides a list of all config files found IBAMIRA.ROOT/share/config and
$AMIRA_LOCAL/share/config . This is the same as in tHeéonfigmenu of theamira main
window. Note that valid config files are only searched oncés ot possible to add a config file
whenamira is running. However, existing config files may be modified aeldaded using the
reload button. Thewrite button allows you store a modified configuration into a filer @gample
after the tracking system has been calibrated). If thisdout pressed, the file dialog pops up.

Slaves

‘a Slaves: start | stop | restart| | Al - ‘

This port provides a list of all the slaves included in thefapfile. Use thestart, stop andrestart
buttons to start, stop, and restart one or all slaves indudéhe config file.




Tracker

‘& Tracker: [4147:4148

Specifies how the connection to the tracking system shoutstablished. In order to connect to a
running trackd server, the value of this port shoulddie® of controller reader>:<id

of tracker reader> , Wwhere the two ids are the shared memory ids of the trackdaltert
reader and the trackd tracker reader as specified itrdhkd.confile.

In order to activate a simpligacker emulatqryou can type irtestinto the text field.

Action

‘& Action: disconnect | calibrate | pick wand | ‘

The connectbutton allows you to connect to the tracking system. Onceareuconnected to the
tracking system, the button label changesdisconnectPressing the button then disconnects from
the tracking system.

The calibrate button allows you to calibrate the tracking system, i.e.fitd the transformation
between raw tracker coordinates and the screen coordinsg¢elsn the config file. For more infor-
mation about the calibration process, please refer to @eet.

The pick wandbutton allows you to change the offset between the 3D inputdeand the visual
representation of the virtual wand. If you press the buttioawand is displayed half-way between
the current eye position and the default object positionu ¥an then pick the virtual wand in the
way which is most convenient for you.

Mode

‘a Mode: INavigate "I ‘

Option menu allowing you to change between ordinary intevaanode (translate and rotate the
whole scene using the 3D wand), fly mode (navigate througlsteee like an airplane), or 2D
mouse mode (control the 2D mouse using the 3D wand). In oodexit 2D mouse mode, double-
click the 3D wand while the 2D mouse is over an insensitive @ldient.

Options

|a Options: [ envionment [~ walues [~ menu W wand highlighting |

If the valuestoggle is activated, the current coordinates of the wandmesnd of the head sensor
are displayed in the upper left corner of the screen. Thedinates are transformed into the screen
coordinate system which was used in the config file. Only dyucalibration raw tracker coordinates
are displayed.

Themenutoggle displays or hides the 3D menu in the scene.

The wand highlightingtoggle can be turned off to gain some performance. This isqodarly
useful when the scene contains a large number of interaulijeets.
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Adjust size
‘a Scene size: Il s ID |
This slider allows you to change the overall scaling of thensc

Stereo

‘& Stereo: ¥ enable W head tracking |

The enabletoggle allows you to enable or disable stereo mode. Depgralinthe camera mode
defined in the config file, either active stereo or passivesteiill be used. This option is the only
one which is provided for flat screen configurations (comjsaetion??).

Thehead trackingoggle allows you to temporarily enable or disable headirar If head tracking
is disabled, the default camera position specified in thégdte will be used instead of the position
reported by the head sensor. If no head sensor has been cedfiguf a flat screen configuration
is being used, this button is disabled.

Left eye offset

‘a Left eye offset: IE ID |2 |

Define here the center of the left eye relative to the headérguosition. This port is only visible
if stereo mode is enabled for immersive configurations. dis& is initialized with theconfig file
leftEyeOffset field.

Right eye offset

‘& Right eye offset: [13 o B |

Define here the center of the right eye relative to the heattérgposition. The same remarks as for
Left eye offseapply.

Zero parallax balance

|& Zero parallax balance: || in |1 ‘

This slider allows you to adjust the stereo balance. Thisipanly visible if stereo mode is enabled
for flat screen configurations.

Camera offset

|a Camera offset: I T s IEI.."" ‘

This slider allows you to adjust the offset between each €lies port is only visible if stereo mode
is enabled for flat screen configurations.

Commands

start <hostname>
Starts the slave hostname. If hostname is null, startsaalésl
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stop <hostname>
Stops the slave hostname. If hostname is null, stops akslav

restart <hostname>
Restarts the slave hostname. If hostname is null, restasiszes.

setHeadTrackerld <id>

Changes the head tracker id on-the-fly. Usually the id is ddfin the config file. A value of -1
disables the head tracker.

setWandTrackerld <id>

Changes the wand tracker id on-the-fly. Usually the id is @efiim the config file. A value of -1
disables the wand tracker.

setSoftEdge -g <gamma> <overlap> [<overlap>...]

Initializes a dual-screen soft-edge configuration with diveen overlap percentageoverlap>

This is a value between 0 (no overlap) and 1 (full overlaggamma>defines the gamma value for
the soft-edge blending.

setPanorama <overlapl> [<overlap2> ...]

Initializes a multi-screen panorama configuration with ¢fneen overlap percentages. These are
values between 0 (no overlap) and 100 (full overlap). Theerurconfiguration must be a flat
screen configuration.

setDefaultCameraPosition <x> <y> <z>

Sets the default camera position for a 3D configuration. Td®tion must be specified in the same
coordinate system as the screens in\flRePack config file. The default camera position is used if
head tracking is turned off.

3.2 VR Pack show config module

This module displays a model of the currently loat#IPack configuration. It's intended to give the

visual feedback needed during the configuration procesdarehsier error detection. It shows the
projection planes, camera, sensor and scene positionslleasviiee button state. Therefore the fourth
viewer is used.

Objects associated with a local coordinate system are dvatknan axis consisting of three colored
line segments. The x axis is red, y is green, and z is blue.
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The camera position is marked with a red cone and two smallgpheres, one for each eye. The eye
spheres are translated according to the configured ey« offlse. One eye sphere is marked with the
letter Rwhich means that this is the sphere for the right eye.

The default object- or scene position is marked with a greéeie.

Blue spheres represent sensors (3D-tracker), one for seasor. If one of the buttons is pressed, the
blue sphere of the first sensor turns white until all buttoesraleased.
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If the camera is bound to one of the 3D sensors, which mean$éaal tracking is turned on, the
red cone representing the camera is glued to the blue sepiseresand follows its movement. At the
moment the head-tracking feature is turned off, the camerdeinsnaps back to the default camera
position.

Finally the projection planes are drawn at the positionsdimensions specified in the configuration
file. The following two images are showing an environmenhweitsingle projection plane. The front

side looks blue and a projection plane observed from its batskappears red. By observing the color
one can verify that the edge points were specified in the agdter.

front view

rear view

#okbanoch

The user-defined name of the plane is drawn in its center.eingjection planes are given as a set
of four edge points it is possible to produce a non-planaygah. This misconfiguration leads to a
clearly visible edge crossing the plane.
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Connections

Data [required]
Connect the/R Pack control module
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Chapter 4

Large Data Pack

4.1 ConvertToLargeDiskData

This modules allows the conversion Baw Dataor stacks of image data as described in THEF
formatto LargeDiskData

You can create &onvertToLargeDiskDatanodule with theCreatemenu. Use the submerdata.
You must select the input files with thieputsport, select the output with th@utputport. TheApply
button starts the conversion process. You are asked toyspammeters as describediifFF formator
Raw Dataduring the conversion process. After a successful cormersiLargeDiskDatalata object
appeatrs in the Pool.

Ports

Inputs

& Inputs:  Pietiev/ Amirs2000/data/mutich . |

The list of input files.

Output

a Output - |C:;"tmp;‘1arge‘ufnlume.am - |

One output file.

4.2 ObliqueSlice (LDA)

TheObliqueSlice (LDAModule lets you display arbitrarily oriented slices thrbag3D scalar field of
any type, as well as through an RGBA color field or a 3D multuuhel field. In the medical context



such slices are known as multi-planar reconstructions (MPR

The module is derived fromrbitraryCut See the documentation of the base class for details about
how to adjust position and orientation of a slice. Like in bghoSlice (LDA)module, two different
methods are supported to map scalar values to screen coloreely linear mapping and pseudo-
coloring.

Connections

Data [required]

The 3D field to be visualized. 3D scalar fields, RGBA color figldr 3D multi-channel fields are
supported. The coordinate type of the input data doesntemathe data will be evaluated using
the field’s native interpolation method (usually trilinéaterpolation).

Colormap [optional]

The colormap used to map data values to colors. This portnigrégl when linear mapping is
selected, or when the module is connected to an RGBA colakdieto a 3D multi-channel field.

Ports

Orientation

‘& Orientation: .f?u:ial| Eornnal| Sagittal |

This port provides three buttons for resetting the slicerttétion.Axial slices are perpendicular to
the z-axiscoronalslices are perpendicular to the y-axis, aagjittalslices are perpendicular to the
X-axis.

Options

|& Options: v adjust wiew [ rotate [ immediate [ fit to points

If the adjust viewtoggle is set (set by default), the camera of the main vieweeset each time

a new slice orientation is selected. With tta¢ate toggle you can switch the rotate handle for the
cutting plane on and off. If thenmediatetoggle is set, the slice is updated every time you drag it
with the mouse in the 3D viewer. Otherwise only the boundiog of the cutting plane is moved
and the update takes place when the mouse button is releddezhfit to pointsis checked, you
will be asked to pick 3 points on any geometry in the scene. dlice plane will be updated to
intersect the specified points.

Translate

‘a Translate: ﬂl A ﬂlED |

This slider allows you to select different slices. The siceay also be picked with the mouse and
dragged directly in the 3D viewer.
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Slice Options

3 Slice Options: [~ equal resolution [ lighting [~ color table

If equal resolutioris set (unset by default), all ortho slices and oblique sliaee drawn using the
same resolution. You can togdighting on or off.

Interpolation

|8 Interpolation:  nearest 4 linear

Specifies interpolation type (nearest value or linear pakation).
Mapping Type
|8 Mapping Type: | Lingar - ‘

This option menu controls how scalar values are mapped &esarolors. In the case ofliaear
mapping a user-defined data window is mapped linearly tdktdad white.colormapcan be used
to activate pseudo-coloring. The port is hidden if the thaloie is connected to a color field or a
multi-channel field.

Data Window

|$ Data Window: min I'z':“:' mas |2':“:' |

This port is displayed if linear mapping is selected. It&koyou to restrict the range of visible data
values. Values below the lower bound are mapped to blackewhiues above the upper bound are
mapped to white.

Colormap

‘s Colormap: |1D— W IW‘

This port is displayed i€olormapis selected. Choose a colormap to map data to colors.

Transparency

‘8 Tranzparency: (¢ Mone ¢ Binary  Alpha

This radio box port determines the transparency of the .slidee option is only available if the
module is connected to @RGBA color field Nonemeans that the slice is fully opaquBinary
means that black parts are fully transparent while othes@ae opaqueAlphameans that opacity
is taken as is.

Channels
‘8 Channels: B 1 & 2

This port is shown if the module is attached to a 3D multi-et&mbject. It allows you to toggle
individual channels on or off. Each channel is mapped usitigear intensity ramp. The data
window for each channel can be adjusted in the multi-chaoijelct itself.
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Commands
All commands described fakrbitraryCutcan be applied t®bliqueSlice (LDAps well.

createlmage <image base name>

This command creates a 2D image from the oblique slice andl iatlllthe Pool. The image base
name can be omitted.

4.3 OrthoSlice (LDA)

TheOrthoSlice (LDA)module is an important tool for visualizing scalar data adeéfined on uniform
Cartesian grids, e.g., 3D image volumes. Such data arelizisdaby extracting an arbitrary axial,
frontal, or sagittal slice out of the volume. The data valc@s be mapped to colors or gray levels by
one of two mapping methods. The most simple mapping tecleniges a linear gray ramp together
with two threshold values. This range determines which dabaes are mapped to black and which
are mapped to white. As a second mapping method, an exterioahtap can be used i@rthoSlice
(LDA).

The OrthoSlice (LDA)module is also capable of extracting slices of an RGBA cokddfor of a 3D
multi-channel field. In these cases the slices are displagad and no mapping method need to be
chosen.

Connections

Data [required]

The 3D field to be visualized. Currently, regular scalar eldulti-channel fields, and RGBA color
fields with uniform or stacked coordinates are supported.

Colormap [optional]

Optional colormap used to map scalar data to colors. Thisipbidden wherinear or histogram
mapping is selected. See alSolormap

Ports

Orientation

‘& Orientation: ™ 2xial ¢ Coronal ¢ Sagittal

This port provides three buttons for resetting the slicerttdtion.Axial slices are perpendicular to
the z-axiscoronalslices are perpendicular to the y-axis, aagittalslices are perpendicular to the
X-axis.

Options

|a Options: [ adjust view [ equal resolution
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If the adjust viewtoggle is set (unset by default), the camera of the main viesweset each time a
new slice orientation is selectelqual resolutions false by default. When it is set, all ortho slices
and oblique slices are drawn using the same resolution.

Interpolation

|8 Interpolation:  nearest 4 linear

Controls whether interpolation ireearestbor bilinear.
Mapping Type
|8 Mapping Type: | Lingar - ‘

This option menu lets you select between two different magpnethods, namely Enear gray
ramp anccolormapmode. The port is not available if tf@rthoSlice (LDA)module is connected to
an RGBA color field or to a 3D multi-channel field.

Data Window

|8 Data Window: min ID max |3 |

This port is displayed ifinear mapping is selected. It allows you to restrict the range esible
data values. Values below the lower bound are mapped to blatkes above the upper bound are
mapped to white. In order to quickly change the data windo@oatrastContromodule can be
attached to th©rthoSlice (LDA)

Colormap

|8 Colomap:[10 PRI |l |

Choose colormap ifnapping types set tocolormap

Slice Number

‘8 Slice Numher:ﬂl s ﬂlSB |

This slider allows you to select different slices. The diceay also be picked with the mouse and
dragged directly in the 3D viewer.

Transparency

‘8 Tranzparency: (¢ Mone ¢ Binary  Alpha

This radio box port determines the transparency of the.shi@nemeans that the slices are fully
opaque.Binary means that black parts are fully transparent while othetsae opaqueAlpha
means that opacity is proportional to luminance. If a colmpns used for visualization, opacity
values are taken from there.

Channels
‘8 Channels: B 1 & 2 |
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This port is shown if the module is attached to a 3D multi-cte&mbject. It allows you to toggle
individual channels on or off. Each channel is mapped usitigear intensity ramp. The data
window for each channel can be adjusted in the multi-chapipjelct itself.

Commands

frame {0[1 }
This command lets you turn on or off the orange frame indicgtine intersection of the plane with
the bounding box of the 3D field.

setFrameColor <color>
Lets you change the color of the plane’s frame.

setFrameWidth <width>
Lets you change the width of the plane’s frame in pixels.

createlmage <image base name>
This command creates a 2D image and adds it to the Pool. Thgeibese name can be omitted.

4.4 SelectRoi (LDA)

This module defines a region-of-interest with the shape ofxs-aligned 3D box. This box can
be used to restrict the output of many visualization modiikes VoltexL DA, OrthoSliceLDA and
ObliqueSliceLDA

Connections

Data [required]

Connection to a 3D data object which defines the maximum giteeaegion-of-interest. Only the
bounding box of the data object but not the data itself isrprieted by this module.

Ports

Controlling

‘a Controlling: &+ ROl box ¢ Subvolume box

Voxels within the ROI are rendered; voxels outside the R@Irast rendered. ThROI boxand the
subvolume bosre specified in slice coordinates. The limits are inclugethe ROI. The region
defined by the ROI box always acts upon the region defined tguinolume, not the entire volume.
For example, irexclusionmode (see th€roppingport), the visible portion of the volume is the
subvolume region minus the ROI box region. You are allowedebthe ROI box region larger
than (or completely outside) the subvolume region, but ¢imdyintersection of the two regions is
significant.
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Minimum

‘8 Minimum: [0 o o ‘

Minimum x-, y-, and z-coordinates of the region-of-intdres

Maximum

‘8 Maximum: [256 |258 [103 ‘

Maximum x-, y-, and z-coordinates of the region-of-intéres

Options

|8 Options: ¥ Show box

If the optionshow draggeis enabled, a tab-box dragger is shown which allows you &rattively
adjust the region-of-interest in the 3D viewer.

Cropping
|8 Cropping: | Subvolume |

The crop box is defined by three sets of parallel planes tHatel#hree

slabs:

e The xmin and xmax planes define the X slab.
e The ymin and ymax planes define the Y slab.

e The zmin and zmax planes define the Z slab.

Four cropping options are availabBubvolumgeExclusion Cross andFence

Subvolum®isplays voxels inside the ROI.

/
s

ExclusionDisplays voxels outside the ROI.
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FenceDisplays voxels between:

e (Xmin, Xmax), or
e (Ymin, Ymax), or

e (Zmin, Zmax).

CrossDisplays voxels between:

e (Xmin, Xmax) and (Ymin, Ymax), or
e (Xmin, Xmax) and (Zmin, Zmax), or

e (Ymin, Ymax) and (Zmin, Zmax).

s 4

(Figures courtesy Real Time Visualization)

Action

8 Action: Reset
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4.5 \oltex (LDA)

Direct Volume Rendering is a very intuitive method for viziag 3D scalar fields. Each point in
a data volume is assumed to emit and absorb light. The amoadnt@or of emitted light and the
amount of absorption is determined from the scalar data mguescolormapwhich includes alpha
values. Default colormaps for volume rendering are pravidéh the distribution and can be edited
using thecolormap editarThen the resulting projection from the "shining” data volelis computed.

This module provides you with a hardware-accelerated implgation, which uses 2D or 3D texture

hardware, to allow for real-time rendering. Using this mieden the platforms without this accelera-

tion can be extremely slow. Rendering consists of drawiiegslfrom back to front and compositing

them according to the composition port. These slices atered polygons, whose textures are com-
puted by using the data and the current colormap.

Press theApply button to start the computations necessary to display thena Most parameter
changes require pressing this button again.

Connections

Data [required]

The 3D scalarfield to be visualized. Alternatively an RGBAadeolume (Colorfield) can be con-
nected. In this case no colormap is used, but the color andtgpalues are taken directly from the
data. As a third mode, the module can operatemutti-channel fields Here the transfer function
for each channel is computed automatically based on thenefttamative color, the channel’s data
range, and the value of tigamma por{(see below).

ROI [optional]

Connection to a module providing a region-of-intereste likelectRai If such a module is con-
nected, only the selected part of the volume will be displiaye

Colormap [optional]

Colormap used to vizualize the data.

Ports

Render style

|a Render style: i+ wvolume rendering ¢ volume zkin

Volume renderingonsists of drawing slices from back to front and compogitirem according to
the Compositionport. Volume skins cubic shape made of textured polygons whose textures are
computed using the data. Both use the colormap for rendering

Options

‘& Options: [ lighting | aligned slices |v color table
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Lighting Indicates if lighting is required. Default is false. Noteathactivating or deactivating
lighting when using 2D/3D texture rendering will usuallyde the textures to be recreated, which
may be slow.

Aligned slicedndicates if slices must be drawn in a view-aligned mannkis Value is used for 3D
texturing only. Default is true.

Color tableenables a transfer function lookup for monochrome data wR@BAlookup mode
is on. When this option is activated only a quarter of theusxtmemory is needed for RGBA
rendering and the color table and its range can be modifiedahtime (i.e. without pressing the
Applybutton). Note that due to incomplete OpenGL implementatisome graphics boards which
claim to support color tables do not. If you see artifacts wly glain white cubes, disable this
option. Default is false.

Composition

|§ Composition: & alpha ¢ sum © max © min

Specifies color composition typeAlpha composes the slices by using the usual Open Inventor
technique.Sumadds slice colors along the viewing axis. (Not available otumePro hardware.)
Max draws the maximum intensity for each pixel drawn along trewimg axis. Min draws the
minimum intensity for each pixel drawn along the viewingsaxi

Interpolation

‘a Interpolation: @ nearest O+ linear

Specifies interpolation typaéarestvalue orlinear interpolation).

Range

|& D ata window: min |D s |255 |

This portis only available if the module operates on a 3Dasd#&|d and no colormap is connected.
In this case data values are mapped according to this raragees/smaller than the minimum are
mapped to completely transparent (no absorption and nsemjs Values larger than the maximum
appear completely opaque and emit the maximum amount df glues in between are mapped
proportionally.

Lookup

|a Lookup: ¢ alpha @ luminance/alpha ¢ rgba

Only available if a colormap is connected. Afphamode, the colormaps alpha value is used for
both absorption and emission. LlumAlphamode, the colormaps alpha value is used for absorp-
tion, while the luminance is taken for (uncolored) emissibm RGBAmode, colored images are
generated by using all four channels of the colormap.

Colormap
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‘& Colormap: I'ID— W W‘

Port to select a colormap.

Gamma

‘& Eamma:llﬂ— |3 ‘

Controls the shape of the transfer function when multi-cighfields are visualized. The opacity
value is taken to be = 27, x = 0...1 (proportional to data values). The smaller the mamalue
is, the more prominent regions with small data values will be

Alpha scale

‘a Alpha zcale: |I | |1 ‘
A global factor to change the overall transparency of thedtipdependent of the data value.

Texture mode

‘a Texture mode: &+ 2D 3D |

2D texture mode requires some precomputation time but als&sman machines which do not
support hardware-accelerated 3D texturing, e.g., SGI 812 mode requires less setup time and
sometimes provides superior quality on high-end machines.

Number of slices

|& Mumber of zlices: ﬂl o ﬂl?ﬂ |

Only available in 3D texture mode. The larger this numbex ltatter the image quality and the less
the rendering performance.

Use RGBA

3 Use RGBA: [~

Commands

showsSlices 0|1
If set to 1, the slices used to display the volume are drawlinedt instead of full textured. This
mode is mainly useful for debugging.

setinterpol 0|1
Enables or disables linear interpolation of texture vallidmear interpolation is disabled a nearest
neighbor lookup is performed. By default, linear interpiola is enabled.

getinterpol
Checks if linear texture interpolation is enabled or not.
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setColorTablelnterpol 0|1

Enables or disables linear interpolation within the coédrl¢. The setting will be ignored if color
table mode is off or if color table rendering is done usingefiad textures. The default value is on.

getColorTablelnterpol
Checks if linear color table interpolation is enabled or. not

setColorTableMode 0]1|2|3|4

Sets the type of OpenGL extension used for color table molde nfodes are encoded as follows:
0 = Don’t use any extension, turning off color table mode.

1 = GL_SGltexturecolor_table.

2 = GL_EXT _palettedtexture.

3 = GL_NV_fragmentprogram.

4 = GL_ARB_fragmentprogram.

getColortableMode
Returns the type of OpenGL extension used for color tableemod

doBricking 0|1

Enables or disables bricking in 3D texture mode. If brickingenabled, the volume is rendered
in smaller blocks even if its size exceeds predefined sizee pridefined size is by default 0.8
times the assumed texture memory size which depends onrthedre and operating system and is
obtained byamira on program startup. The texture memory size assumeuaiiisa can be modified
by setting the environment variable AMIRAREXMEM (in megabytes). To alter the predefined size
factor of 0.8 one may set a different value in the TCL varialaktexTextureAmount

verbose 0|1
If value is 1, additional messages for debugging are printed

236 Chapter 4: Large Data Pack



Chapter 5

Mesh Pack

5.1 AlignSurfaces

This module computes a rigid transformation (6 degrees eédom) to align two triangulated
surfaces. Several different alignment strategies areamphted:

e Minimization of the root mean square distance between tlpof the model surface to cor-
responding points on the reference surface (often reféorad Procrustes method):
the corresponding points will be the closest points on tlieremce surface in the Euclidean
measure. The iteration of this process is called the itexatiosest point algorithm (ICP). If
fixed correspondences have been pre-computed by some ottlevanthese can be used alter-
natively.

e Alignment of the centers of mass: all nodes of the triandgutstare assigned the same mass.

e Alignment of the principal axes of the inertia tensor: sitteeprincipal axes are defined modulo
orientation (see alsdlignPrincipalAxe3, the final solution is the one with the minimum root
mean square distance.

Connections

Data [required]

Surface to be transformed onto the reference.

Reference surface [required]

Reference surface to be aligned to.



Ports

Options

‘a Options: v iterate [T use comespondence

Offers the possibility to iterate the process of finding thasest points on the reference surface
(ICP) and to use pre-determined correspondences, if existe

Stop

|& Stop: relative RMS [0.001  maxiter |15 |

Stopping criteria for the ICP algorithm: either a given \alfior the root mean square distance
relative to its value in the first iteration, or a maximum nwembf iterations.

Align

|a Align: Surfaces | Centers | Principal Axes |

Starts one of the three different alignment methods, agiteestabove.

5.2 AnalyticTensorField

This module generates standard analytical symmetric skoatter tensor fields. You can use the
Arithmetic module to sample the tensors on a uniform gridimié that the interpolation method used
in Arithmetic does not take into account the metric tensaicep Because of this, the tensors sampled
may have negative eigenvalues.

Ports

Metric

‘8 Metric: Ispherical VI ‘

Selects a tensor metric. The Schwarzschild and the Keriicaetre used in astronomy to describe
the structure of black holes. The Moebius strip metric, thleesical tensor field, and the random
tensor field are used primarily as analytical fields to tes$oe analysis modules.

Scale

|3 Scale: |7 |1 |
This port scales the fields with the distance from the cerftdreodata cube. This is useful because

the Arithmetic module usually samples fields in the intertall. In the random metric setting this
port scales the entries of the tensor entries.
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Mass
|8 Mass: II A ID.1 ‘
The mass is a parameter of the Schwarzschild and Kerr metrics

Angular moment

The angular moment used in the Kerr metric.

5.3 BoundaryConditions

The Boundary Conditionsnodule visualizes boundary conditions defined in a tetrediagtid for a
finite elementsimulation.

Visible faces are stored in an internal buffer similar to@r&\Volumemodule. Likewise, the selection
domain can be restricted interactively by adjusting a seledox. Ctrl-clicking on a face makes it
invisible.

In Amira there are predefined boundary condition ids withcedemeanings. The meaning of an id
depends on the type of simulation to be performed on the gkifile{d or temperature simulation).

e predefined boundary condition ids for E-field simulation
id 1: outer boundary ('open’ boundary conditions)
id 11-59: antenna triangles (metallic boundary conditjons
id 61-99: triangles of antenna junctions
e predefined boundary condition ids for temperature simarati
id 1: predefined temperature 37 (Dirichlet condition)
id 2: insulating surface (Neumann condition)
id 3: boundary to water bolus (Cauchy condition)
id 5: boundary to air (Cauchy condition)

Connections

Data [required]
The tetrahedral grid to be visualized.

Ports

Bound.cond.id

|& Bound.cond.id: [21 ] ‘
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This port provides a menu where all boundary condition idsudag in the input grid are listed.
Faces belonging to the selected id are displayed using aiglalighted) wireframe in the viewer.
You may crop the faces by turning the viewer into interactn@de and move the green handles of
the selection box. Only the faces inside the bounding boxbessdded to the buffer.

Buffer

|& Buffer: Add tu:ul Hemovel Elearl Hide bm-:l

The Buffer buttons give you some control of the internal faocfer of the BoundaryConditions
module. Only the faces present in the buffer are displayedrding to the current drawing style.
The Add button adds the highlighted faces to the buffer. Reanovebutton removes highlighted
faces from the buffer. Th€learbutton removes all faces from the buffer. THiele button deselects
all faces but does not change the buffer.

Draw Style

& Draw Style: IEIutIined vl

This option menu lets you select between different drawiyigs:

e Outlined: The faces are shown together with their edges.
Shaded: The faces are shown.

Lines: The edges of the faces are rendered as a wireframe.

Flat: The edges of the faces are rendered as a wireframe withbititigg
Points: Only the vertices of the faces are rendered as points.

5.4 ComponentField

This class is a special data object which helps you to analyiferm complex scalar fields. The
class itself is a uniform real scalar field. However, it canalttached to a complex scalar field like
an ordinary display module. The component field provides @iion menu allowing you to select
which real quantity should be computed from the compleximalues. These real quantities may be
visualized using standard modules liethoSlice Isosurfaceor Voltex.

Connections

ComplexField [required]
Complex scalar field for which a real quantity should be coragu

Ports

Component Field

a Component Field: Ilmaginary Part vI
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Specifies the real quantity to be computed. Possible chaieg®eal Parf Imaginary Part Magni-
tude andPhase The phase is defined in radians ranging fremto .

5.5 ComputeTensorOutOfCore

This module computes a symmetric second order (diffusiemgdr from a set of N (N¢,=7) diffusion
weighted images. The images must be available on disk asaieish files. The module will load
them in usingamira’s LargeDiskData format, which can handle data sizes ablevetaximum size of

available main memory.

The gradient measurements and the gradients for a dataesgpexified by the parameter section of
an AmiraMesh file.

Parameters {

BoundingBox -1 1 -1 1 -1 1,

CoordType "uniform",

Data {
directory "C:/AmiraData/",
gradients "MyGradients",
# fileO is always the b=0 measurement (no gradient)
fileO {

name "201/Anonymized.am",

}
# fileN are entries for each gradient measurement
filel {
name "201/Anonymized2.am",
# use the gradient in the gradient list with index O
gradient "0"
}
}
MyGradients
100
010

}

The module creates a tensor data set and two additional fletlsontain statistics about the quality
of the tensor fit. The correlation field contains the coriefabf the tensor diffusion values with the
diffusion values in the raw data (per gradient direction)lafge value indicates that the tensor fits
the raw data well. The Bingham statistics ensure that tHegdin tensor is statistically different from
a uniform distribution (see Benger et al. "Visualizing Nenal Structures in the Human Brain via
Diffusion Tensor MRI”, Journal of Neuroscience, 2006).
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Connections

Specification [required]
Connect an AmiraMesh file which contains the specificatiarttie computation in its parameter
section.

Mask [optional]
Connect a scalar field like a label field to specify for whichtenel the tensors should be computed.
This will remove the undefined tensors in parts of the data.

Ports

Diffusion weighting factor

‘3 Diffusion weighting factor: |?5D ‘

Diffusion weighted factor (b-value, after LeBihan et @88) which is defined by the gradient
sequence used to generate the gradientimages. In thisverdly a single b-value can be assigned
to all volumes of the measurement sequence.

MaskExpr
‘3 MaskExpr: |A>0

An expression to select a specific region in the data. This igoonly visible if a scalar field
is connected to the Mask port. If a label field is connected, gan select a material by using
an expression like A==1 which would select the first non-gatematerial region for the tensor
computation.

5.6 ConePlot

ConePlot is a display module that can be attached to a veetdr fit visualizes scalar and complex
vector fields by colored objects (cones) pointing in thediom of the local flow. The cones can be
animated to generate a sequence of cones "walking” thrdughector field.

The module features SelectRoi, Colorfields, and arbitraapss to be displayed instead of cones.

The module can also generate a density based on the coniepesiter time.

ConePlot setGhostDims 30 30 30

ConePlot generateGhost

The module uses a Gaussian kernel with a variance of a tertte shaximum bounding box size of
the volume. This option is computationally very expensive.

The module also exports the path of the cones as a LineSeerkrate the LineSet, call:
ConePlot saveAsLineSet

242 Chapter 5: Mesh Pack



in the amira console window. The LineSet is computed with a data entryljieSet point which
represent the magnitude of the vector at this position.

ConePlot uses Open Inventor render caching. All animatigpssare computed beforehand and then
played back by making the appropriate parts of the scenkl@istThis technique requires little CPU
computation but larger amounts of memory and a fast graglaick Because of the caching step, the
first pass through the animation may be slow but subsequemttler passes speed up.

Press thé\pplybutton to recompute the animation or the single plot.

Connections

Data [required]

The 3D vector field to be visualized. It can be eitBeor 6 floats per voxel. This module works
therefore with arbitrary grid topologies by sampling theniformly.

Colormap [optional]
Port to connect a colormap object. The color is computed flmmagnitude of the vectors.

Animate [optional]

Attach a Time object to control thenimateslider. Please make sure that the range of the time slider
is set to integers and thats within that range.

ROI [optional]

Connect a region of interest to the module and the cones nlyl loe generated inside this region.
This helps in exploring complicated vector fields.

Colorfield [optional]
Instead of the vector field applied, the module will use a sdazalar field to color the cones.

Shape data [optional]

Supply a custom shape to be replicated instead of conesdllgsiny geometry displayed amira
can be used. Be careful not to use very complex objects bed¢hasiumber of triangles used in
this case can be a limiting factor for the speed of the anomati

Ports

Resolution

‘& Resolution: |5 B [5 |

Provides three text inputs defining the resolution of thell@garray of cones in the local y- and
z-direction. The larger these values are, the more conedsplaged.

ConePlot 243



Colormap

@ Coomep [T BN [ |

Port to select a colormap. The color is computed from the ritad@ of the vectors.
Complex phase angle
‘a Complex phase angle: l& ID ‘

This port will only be visible if a complex-valued vector figk connected to the module. It provides
a phase slider controlling which part of the complex 3D vests visualized by the arrows.

y(t) = cos(phase)Re(x(t)) + sin(phase)Imag(x(t)) (5.1

A value of 0 degree corresponds to the real part, while a value30 degrees corresponds to the
imaginary part. The display can be animated with respedigghase by thAnimateport. This
way polarization properties of the field can be revealed areyghenomena become visible.

Threshold
‘& Threshold: |7, o ‘

Any cone is removed from display which would be placed on étijposwith a vector length smaller
than this threshold. Using this option you can "thin-outttgeof the volume, e.g., regions which
would contain cones that never move.

Options

|& Options: ¥ Animation [~ ShowAll [~ CustomizeCones [~ Blendin

This port provides the following toggle options.

Animation:If this option is set, then two additional ports are dispthyEheTimeport allows you to
set a time frame (from-m > 0 to n frames). TheStep sizgort allows you to set the time between
successive time steps. Currently we use an Euler integralibe smaller the step size, the more
accurately the flow field is sampled.

Show All: Shows all cones in the current animation. When switchinchamrhode, there is no need
for animations because the animation is done by switchimggon and off.

Customize Cones¥ou can change the height and the bottom radius of all cones.

BlendIn:If this option is set, the size of the cones is increased oredsed at the start or end point
of the animation. This behavior generates nicer graphicsdatinuous animations, especially in
the case of ConesPerStrean.

Step Size

|a Step Size: ID.D1 ConesPerStream I'I ‘
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The current implementation uses Euler integration anddéfmes the step size calculated by
x(t + At) = x(t) + At - v(x(t),t),

wherex(t) is the position and(t) the velocity at time t. Please be careful to not work off #tiw
fields using this method. In general, small values resulighér accuracy and smaller path length
of the cones.

If you set the value o€onesPerStrearto > 1, more than one cone is displayed at a time. Together
with the loop mode of the time slider and tBendInoption set, this creates continuous animations.

Animate

[8 rrimae: <[4l e ]

This time slider allows you to start and stop animations. dfi yight-click in the associated text
window you can switch to loop mode which generates an infiniteng animation.

The range of the slider must be set to integer numbers. Fonghea0 .. .50 is interpreted as0
time steps for the forward integration, €830 . .. 30 is interpreted a80 steps in both forward and
backward directions. The modules makes sure that the irareimalwaysl.

Height
|8 Height: [T fo- |

For cones this changes their height. If another shape isexted to the module, the port controls
the global scaling of the shape.

Bottom radius

‘& Bottom radius: |, [o.02 |

For cones this changes the radius of their base circle.

5.7 ContourView

This module displays contours of a surface. Contours aredilp computed automatically and they
are defined to be the boundaries of patches. If a surfaceinemnta contours, this module will not
display anything. You can automatically compute contoyrssing therecompute command of the
Surface

This module is mostly useful for developers.

Connections

Data [required]
The underlying surface data.
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Ports

Index)

‘& Index(1 =alll: || w4 |

Choose index of contour to display. If -1 is chosen, all cangawill be shown.

5.8 Displace

This module takes a displacement vector field defined on ahetiral or hexahedral grid or on a
surface and creates a mesh with translated vertices. Forp&aif a surface vector field is used as
input a new surface with modified vertex coordinates is caegbur he displacement vector field must
be defined on the vertices of the mesh. Other encodings aseippbrted. The new position of a vertex
is computed by adding the scaled displacement vector defintitht vertex to the original position.
The scaling factor can be adjusted globally for all vertigsing thescale port

Press thé\pplybutton to start the computation.

Connections

Data [required]
The input vector field.

Ports

Number of vectors

|& Number of vectors: 5’54134‘

Shows the number of displacement vectors of the input field.
Scale

[& 5o <[aIF% S —

Scaling factor applied to the displacement vectors ranfyimg O (no displacement) to 1 (full dis-
placement).

5.9 DisplaylSL

This module visualizes a 3D vector field using so-calledhilinated field lines. This technique was
first presented on thdsualization 9&onference. More details are describetirzockler, D. Stalling,
H.-C. Hege, Interactive Visualization of 3D-Vector Fielgsing llluminated Streamlines, Proc. IEEE
Visualization ‘96, Oct./Nov. 1996, San Francisco, pp. 103, 1996
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The module computes a large number of field lines by integgdtie vector field starting from random
seed points. The lines are displayed using a special illatiuin technique, which gives a much better
spatial understanding of the fields structure than ordiocanstant-colored lines. In order to execute a
script demonstrating this module click here.

The functionality ofDisplaylSLcan be extended by means of theedSurfacenodule.

To initiate distribution of seeds and recomputation of files, press thé\pply button. Once the
incoming vector field has changed or you have modified the mumibfield lines or the line’s length,
you must presépplyagain in order to update the display.

Connections

Data [required]

The vector field to be visualized. Since a procedural datafate is used, all types of vector fields
are supported (e.g., fields on regular or curvilinear gadsyell as procedurally defined fields).
ColorField [optional]

An optional scalar field which, if present, will be used foepdo-coloring. Often it is useful to
create a scalar field from the vector field using Magnitudemodule.

AlphaField [optional]

An optional scalar field which can be used to control the liopacity locally.

Distribution [optional]
An optional scalar field which can be used to control the ihistion of seed points.

Colormap [optional]

Thecolormapused to encode the color field. Will only be visible if a col@idiis connected to this
module.

Ports

Colormap

Broomef M W[ |

Optional colormap.

Num Lines

|a Hum Lines: II: |25 ‘
Number of field lines to be displayed. The technique typycglVes the best results with a rather

large number of lines (e.g., 100-500). Note however thatystesns with slow 3D graphics without
texture hardware, having large number of lines can slow d@mdering speed significantly.
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Length
‘& Length: || A [0 |

The length of the field lines, or more precisely, the numbeatofmic line segments, in forward
respectively backward direction. The lines may stop eaiflie singularity (i.e. zero magnitude)
is encountered or if the field’s domain is left. By defaulelinare traced the same distance in the
forward and backward direction. You may use the comnsmtBalance to change this behavior.

Opacity

‘& Dpacity: II A ns |

Base opacity factor of the lines. A value of 1 produces cotepl@paque lines, while 0 results in
fully transparent lines.

Fade Factor
‘a Fade Factor: II Y ||EI.9."" |

This port controls how fast opacity decreases along fielgslififade modds enabled. The first
atomic line segment will be assigned the base opacity sebin@pacity The opacity of each
successive segment will be multiplied by the value of thig.pbhis is useful in order to encode the
directional sign of a vector field. The vector field pointshee tirection of increasing transparency.

Alpha Window

|a Alpha Window: min I':' max IWU ‘

This port will only be visible iffade modds disabled and if an alpha field is connected to the
module. In this case the alpha field’s values are mapped tityEccording to the range specified
by this port. At locations where the alpha field is equal toroaBer thanmin, field lines will be
completely transparent. Likewise, at locations where theafield is equal to or greater thamax
field lines will be completely opaque.

Options

|a Dptions: ¥ fade ¥ lighting [~ animate

Fade: Enables fading mode as described above.

Lighting: Controls illumination of lines. If off, constant coloreahés are drawn (flat shading).
Animate: Activates particle-like animation. The animation speed/a controlled via the com-
mandsetAnimationSpeed

Seed Box
|a Seed Box: * formBox ¢ TabBox € Hide

Clicking on XformBoxor TabBoxbrings up a 3D dragger in the 3D Viewer. This allows you to
restrict the region of interest, i.e. the region in whichdspeints are placed, by interactively trans-
forming the dragger (Remember to switch thewerinto interaction mode by pressing ESC). After
changing the box, you must pre&pplyto trigger recalculation.
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Distribute

|3 Digtribute: Ihomogene vl |

This port provides an option menu specifying how seed pairgdistributed inside the seed box.
By default ahomogeneoudistribution will be used. Alternatively, seed points may distributed
according to the vector field’s magnitude or according tovdlee of the distribution field, if such

a field is connected to the module. Thgqualizeoption provides a mixture of homogeneous and
proportional seed point distribution.

5.10 Divergence

The Divergencemodule computes the divergence of a vector field consistfrftpats defined on a
uniform grid. The output is a uniform scalar field.

oV, oV, oV,
+=E+

divy = ox oy 0z

Press thé\pplybutton to start the computation.

Connections

Data [required]

Vector field defined on a uniform gridUfpiformVectorFieldy. The vector components must be
floats.

5.11 DoseVolume (Tetrahedra)

The Dose Volumenodule creates a value-volume-histogram for a scalar fiefished on aetrahedral
grid, e.g. a temperature-volume-histogram for a scalar fieldrdesents a temperature distribution.
For this purpose it has to be attached 61@dVolumemodule and a selection of tetrahedra specifying
parts of the grid or the complete grid must be made there. #ddpiam is constructed for the selected
tetrahedra only. This is done in the following way:

The range of scalar values is divided into subranges givethéynumber of sample points. With
respect to each subrange one or more sub-volumes of thbadted grid are determined where the
scalar field values fall into that range. Then the volumedizes of the sub-volumes are computed and
these are depicted as differential histogram functionaslwer the total range of scalar field values
or used to calculate cumulative histogram values.
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If the selected tetrahedra are members of different regioistograms are calculated separately for
each region, as well as for all selected tetrahedra (caiteal Volume”).

The histograms can be shown in several ways:

o differential: shows a differential form of the histogram.

e absoluteandrelative: show an integral form of the histogram, i.e., for each vaheepartial
volume is shown wherat leastthat value is assumed. For the integral form eitherathsolute
volume [ccm] or theelative volume, i.e., the percentage of the total volume of the cpoad-
ing region, can be shown. With the latter type of repres@ntatou can easily find out which
value is at least assumed in 90 percent of a selected region.

Connections

Data [required]
A scalar field defined on a tetrahedral grid.

PortGridVol [required]
A Gridvolumemodule that selects the tetrahedra for which the histogsasalculated.

Ports

Histograms

|& Histograms: [~ absolute [ relative T differential

If you select one of these toggles, a plot window appears sfpthe corresponding histogram
for all tetrahedra selected by ti@ridVolumemodule. If no tetrahedra have been selected, the plot
window will not be shown. For the three different modes ofrementation see above.

Samples

‘& Samples: ﬂll—} ﬂ|120 ‘

This slider lets you select the number of samples for th@gisim.

5.12 DuplicateNodes

This module takes a labeled tetrahedral grid as input ardlyzes a new grid with all nodes arterior
boundariedeing duplicated. Interior boundaries can be visualizéngunoduleGridBoundary They
consist of all triangles incident on two tetrahedra witHetiént labels. Duplicated nodes are useful to
represent discontinuities within a vector field, e.g., ateilc field on a tetrahedral patient model. On
an interior boundary such a field may have multiple values-foneach incident material subvolume.
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Connections

Data [required]
A tetrahedral grid without duplicated nodes.

Ports

Action

‘a Action: Duplicate nndesl

Buttonduplicate nodesauses a new output grid with duplicated nodes to be computed

5.13 EigenvectorToColor

This module creates a color representation of the conneetdr field. It also needs to be connected
to a second vector field which first component will be used agiglting of the color per voxel.

Connected to the first eigenvector of a tensor field and a véetd representing the eigenvalues (both
produced byExtractEigenvalugshis module will generate a color representation whictcdbss the
directions of the first principal direction of the tensordiély a color code.

The output of this field is a regular color field. It containstsicomponents:
(red) |e1 (z)|F A

(green) |es (y)|F'A
(blue) |e1(2)| F A

+(A2—A3)24(A1—2A3)?
A1+A2+A3

(alpha) the fractional anisotropgyA = \/% VO1—2a)?

The alpha channel is scaled from 0 to 255 as well as the theesegit vector containing the red, green,
and blue component.

Connections

Data [required]
The largest eigenvector (pcal) createddigenvector2Ilmage

Eigenvalues [required]
The length sorted eigenvalues of the tensor (a 3 elemen}.field

Mask [optional]

A label field which can be used in order to calculate the coddador one or more selected materials.
For example, one can exclude the background from the coripuit&ees.13
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Ports
MaskExpr

& MaskbBxpr:  [A:D

This field is only visible if a mask label set is connected ®dlata. The expression selects a specific
material or a group of materials from the connected labelBeample are: "A!=0" to exclude the
exterior or "A==3" to select the forth material from the ma& list of the Segmentation Editor
display of the mask.

Exposure
3 Exposure: || s |1 |

Controls the exposureof the color representation. Larger values will make thegesabrighter. It
is computed as:

Cr':a;,g:y,b:z = (1 — €Xp (_|61(CC, Y, Z)|FA) 6)255 (52)

where(C' is the value assigned to the color componenis the connected first principal direction
(pcal) andF A describes the fractional anisotropy computed from the eoted eigenvalues.

5.14 ExtractEigenvalues

This module extracts the eigenvalues from a symmetric tesfsgecond order. Either the eigenvalues
are returned (in the case of a indefinite tensor) or a singallaie decomposition is used to ensure a
positive definite basis.

The result are three vector fields which contain the firstpgsdcand third principal direction and a
three-component field which contains for each directiorctireesponding eigenvalue.

Connections

Data [required]
The symmetric tensor field of second order.

Mask [optional]

If you connect a scalar field here, you can specify for whicliae in the data the module computes
the eigenvalue expansion.

Ports
Options

3 Options: | postive definits
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If positive definités checked, a singular value decomposition ensures a\sligfinite basis (for
diffusion tensors). If the checkbox is disabled, an eigerey@ecomposition is performed which
may result in negative eigenvalues.

Output

|8 Output: [ evecl | evec? | evecd W evals

You can specify which output fields should be exported by tbdue. Note that only the first three
fields are vector fields; thevalsfield contains the eigenvalues sorted according to size.

MaskExpr

3 MaskExpr: |A>D

If you connect a scalar field to tHdaskinput port, this port allows you to specify a region of
interest based on the value of the scalar field. If you conaéabel field, an expression like A==1
will select the first non-exterior material and only for thégion the eigenvalues and eigenvectors
will be computed.

5.15 FieldCut

TheField Cutmodule is a tool for visualizing cross sections of a 3-dinamal scalar field defined on
a tetrahedral grid. In general such grid volumes are madd spveral materials. A (2-dimensional)
cutting plane has to be defined for this purpose and may bteghfirough the (3-dimensional) tetra-
hedral grid in orthogonal direction, @rientationport is provided for setting the orientation of the
cutting plane perpendicular to one of the main axes ahichaslateport for specifying an orthogonal
translation FieldCutrenders a slice with the values of the scalar field mappeditosof a connected
colormap. This is callegpseudo coloring The cutting plane is usually clipped to a rectangle. With
the 3D viewer turned into interactive mode you can pick onigsoédges and shift it through the grid
volume. To define arbitrary cutting planes you have to setatete toggle which makes a rotation
handle appear in the center of the cutting plane. Havingetlithe viewer into interactive mode you
can pick the handle with the left mouse button and rotate ldu@epas you please.

Connections

Data [required]
The field of typeTetrahedralGrid

Colormap [optional]
An optional colormap used for pseudocoloring the valuesefscalar field on the cutting plane.
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Ports

Orientation

‘& Orientation: .&Hiall Eornnall Sagittall

This port provides three buttons to reset the slice oriertafAxial slices are perpendicular to the z-
axis, frontal slices are perpendicular to the y-axis, awittsd slices are perpendicular to the x-axis.
See alsdPortButtonList

Options

|a Dptions: V¥ adjust view [ rotate [ immediate

If the adjust viewtoggle is set, the camera of the main viewer is reset eachdinmew slice orien-
tation is selected. With thetate toggle you can switch the rotate handle for the cutting plame
and off. If theimmediateoggle is set the slice is updated every time you drag it ithrhouse in
the 3D viewer. Otherwise only the bounding box of the cutfitane is moved and the update takes
place when you release the mouse button.

Translate

‘a Translate: ﬂll—ﬁ ﬂIED ‘

This slider allows you to select different slices. The siogay also be picked and dragged directly
in the 3D viewer.

Colormap

Booomr) W W[ |

See alsdPortColormap

Interpolation

|& Interpolation: & Gouraud © Texture

In pseudo-color mode you can switch between two rendeririads by the radio buttortSouraud
andTexture See alsdPortRadioBox

e Gouraud shaded faces have their colors assigned at their verticles.cdlors in between
are linearly interpolated. Therefore misleading colorsasionally may occur or colors may
appear to be washed out along the edges of the faces.

e Texture mapping means an exact mapping of values to colors in thisapease, but with
the drawback of increased computing time if you have no hardwupported for texture
mapping on your machine.

Selection

‘a Selectiun:ﬂl Fiemnve”.-’-‘qll vl|
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This port maintains a list of materials assigned for cuttfth the selection menu one can select
a single material. Thé&dd button adds a previously selected material to the list ardRéEmove
button removes the current selected material.

5.16 FieldCut (Polyhedra)

TheField Cutmodule is a tool for visualizing cross sections of a 3-dinmamal scalar field defined on
a polyhedral grid. In general such grid volumes are made ggeéral materials. A (2-dimensional)
cutting plane must be defined for this purpose and may beeghifirough the (3-dimensional) poly-
hedral grid along the x, y, or z axis, &rientationport is provided for setting the orientation of the
cutting plane perpendicular to one of the axes, affdamslateport for specifying a slice along the
selected orientation axigieldCutrenders a slice with the values of the scalar field mappedltobso
of a connected colormap. This is calleseudo coloringThe cutting plane is usually clipped to a rect-
angle. With the 3D viewer in interactive mode, you can pick ofiits edges and shift it through the
grid volume. To define arbitrary cutting planes, you mustlisetotatetoggle which makes a rotation
handle appear in the center of the cutting plane. With theaién interactive mode, you can pick the
handle with the left mouse button and rotate the plane asatksi

Connections

Data [required]
The field of typePolyhedralGrid

Colormap [optional]
An optional colormap used for pseudocoloring the valuesefscalar field on the cutting plane.

Ports

Orientation

3, Orientation: @

This port provides three buttons to reset the slice orietaiAxial slices are perpendicular to the
z-axis, coronal slices are perpendicular to the y-axis, aatjittal slices are perpendicular to the
x-axis. See als®ortButtonList

Options

2 Options: adjust views [| ratate [ immediate [ fit to points

If the adjust viewtoggle is set, the camera of the main viewer is reset eachdimev slice orien-
tation is selected. With thmtate toggle you can switch the rotate handle for the cutting ptame
and off. If theimmediateoggle is set, the slice is updated every time you drag it thiehmouse in
the 3D viewer. Otherwise only the bounding box of the cutptane is moved and the update takes
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place when you release the mouse button. Witen pointsis checked, you will be asked to pick
3 points in the scene. The slice plane will be updated toseterthe specified points.

Translate

& Translate: (][~ 5 |[#][50 |

This slider allows you to select different slices. The siogay also be picked and dragged directly
in the 3D viewer.

Colormap

| R Colomap: | | Py |1—||

See alsdPortColormap

Selection

‘8 Selection: [Hemnve] |.t’-‘n.|| Vl‘

This port maintains a list of materials assigned for cuttMth the selection menu one can select
a single material. Thé&dd button adds a previously selected material to the list ardRémove
button removes the currently selected material.

5.17 Gradient

The Gradientmodule computes the gradient of a scalar field defined on daege. uniform, recti-
linear, or curvilinear) grid. The output is a vector field defil on an appropriate grid. The direction
of the gradient vector depends on the setting of Partput If Forceis selected the negative gradient
vector is computed.

gradF:i(aF oF aF)

dx’ dy’ 9z

For non-uniform regular grids the gradient at vertels the mean of the left hand and right hand
difference quotient at vertex

Press thé\pplybutton to start the computation.

Connections

Data [required]
Scalar field defined on a regular gridXRegScalarFieldB
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Ports
Result type

|& Result type: &+ zame az input [byte+128]  float

Selection of the result type. Depending on the type the resay be clamped. For unsigned types
an appropriate offset wil be added. This port is only shovithéfinput type is not float.

Output

a Dutput: IFnrce vI

If Forceis selected the negative gradient vector is computed.

5.18 GridBoundary

The Grid Boundarymodule is a tool for visualizing individual faces of a teteahal grid. The faces
may be colored according to an arbitrary scalar field. As #tra@implies, the module extracts bound-
aries between tetrahedra of different material type. Thiqudar materials to be shown can be selected
manually. In some cases two materials may have no commoa &awknothing will be seen. How-
ever, selectind\ll as the first material parameter and any other material asettand will show the
surface of the second material. Visible faces are stored intarnal buffer similar to the GridVolume
module. Likewise, the selection domain can be restrictéeractively by adjusting a selection box.
Ctrl-clicking on a face makes it invisible.

If the ColorField port is connected to a scalar field, an addél colormap port becomes visible and the
faces are drawn in pseudo-color mode. By default the colpmoat is not connected to any colormap.
Therefore the grid appears in a constant color. You can @litk the right mouse button over the
colormap to get a popup menu of all available colormaps. Whewlormap has been connected to the
module, the data values at the vertices of the selectedjtdamre mapped to their associated colors.

Connections

Data [required]
The tetrahedral grido be visualized.

ColorField [optional]

Scalar field used for pseudo-coloring the selected triangRseudo-coloring also requires that a
colormaphas been connected to the module.

Colormap [optional]
A colormap is used to map the data values of the optionalstiald.
ROI [optional]

Optional connection to an object providing a region-okiset, e.g.SelectRai Only triangles
inside this region will be visualized.
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Ports
Draw Style

|& Draw Style: Inutlined vl mare optinnsl

This port is inherited from th&ljewBaseclass and therefore the description will be found there.
In contrast to other modules derived from tiewBaseclass this module does not provide the
possibility to consider vertex and direct normals. Thentgias will always be drawn flat.

Colormap

Booomr) W W[ |

This port becomes visible only if a scalar field has been coteuketo theColorField port. For
further details see sectiddolormap

Buffer

‘a Buffer: .-’-‘«ddl Hemovel Cleall Shnw.f'Hidel Draw||

The Buffer buttons give you some control of the internal faaéfer of the GridBoundary module.
Only the faces present in the buffer are displayed accordinige current drawing style. Thidd
button adds the highlighted faces to the buffer. Reanovéutton removes highlighted faces from
the buffer. TheClear button removes all faces from the buffer. TH&le button deselects all faces
but does not change the buffer. See d@swtButtonList

Materials

‘a M aterials: IEHterior j I.t’-‘-.II j ‘

This port provides two menus where all different materidlhe input grid are listed. Faces which
belong to the boundary between the selected materialsspkaged using a red (highlighted) wire-
frame in the viewer. You may crop the faces by turning the eieinto interactive mode and move
the green handles of the selection box. Only the faces ink&lbounding box can be added to the
buffer, also se€ortButtonList

Color Mode
‘& Color Mode: & nomal © mized T twisted

Here you may choose among several color modes. For detaithsenoduleSurfaceView

5.19 GridCut

TheGridCutmodule is a tool for visualizing a cross section of a tetrahkgtid consisting of different
materials. Within the cross section the different matsreale indicated by their respective colors.
The module is derived fromrbitraryCutand thus provides the same methods for manipulating the
position and orientation of the cross section as this basssclAn similar modul&urfaceCuexists

for displaying filled cross-sections through a surface sspay different regions in space.
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Connections

Data [required]
The tetrahedral grid to be visualized.

Ports

Orientation

|a Orientation: A:-tiall Cnronall Sagittall

This port provides three buttons to specify the slice odagah. Axial slices are perpendicular to
the z-axiscoronalslices are perpendicular to the y-axis, aagjittalslices are perpendicular to the
X-axis.

Options

‘a Options: [V adjust view [ rotate [ immediate

If the adjust viewtoggle is set, the camera of the main viewer is reset eachdingsv slice orienta-
tion is selected. With thetatetoggle you can switch on the rotate handle for the cuttingg@knd
off again. If theimmediatetoggle is set the slice is updated every time you drag it withrhouse
in the 3D viewer. Otherwise only the bounding box of the agttplane is moved and the update
takes place when you release the mouse button.

Translate

|a Transzlate: ﬂIIT ﬂ|5ﬂ |

This slider allows you to select different slices. The siogay also be picked and dragged directly
in the 3D viewer.

Selection

‘& Selectiun:ﬂl Hemnve”-"—"-" vI|

This port maintains a list of materials to be displayed wittiie cross section. With the selection
menu one can select a single material. Pug button adds the currently selected material to the
list so the that is becomes visible and fRemovebutton removes the material so that is becomes
invisible.

Commands
Inherits all commands oArbitraryCut

selectMaterial <id1> [<id2> ...]
Selects the materials with the specified ids so that intéoseccof these materials with the cutting
plane will be shown. You need to cdite before changes take effect.
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unselectMaterial <id1> [<id2> ..]
Unselects the materials with the specified ids so that iet¢icens of these materials with the cutting
plane will not be shown. You need to clile before changes take effect.

5.20 GridCut (Polyhedra)

TheGridCutmodule is a tool for visualizing a cross section of a polylaédrid consisting of different
materials. Within the cross section the different materéak indicated by their respective colors. The
module is derived from\rbitraryCutand thus provides the same methods for manipulating théqosi
and orientation of the cross section as this base class.

Connections

Data [required]
The polyhedral grid to be visualized.

Ports
Orientation

& Orientation:

This port provides three buttons to specify the slice odgah. Axial slices are perpendicular to
the z-axiscoronalslices are perpendicular to the y-axis, aagjittalslices are perpendicular to the
X-axis.

Options

|8 Options: [ | adjust view [ | rotate [ ] immediate [ ] fit to points

If the adjust viewtoggle is set, the camera of the main viewer is reset eachainaw slice orienta-
tion is selected. With theotatetoggle you can switch the rotate handle for the cutting piamand
off again. If theimmediateoggle is set, the slice is updated every time you drag it thithmouse
in the 3D viewer. Otherwise only the bounding box of the agitplane is moved and the update
takes place when you release the mouse button. \fitenpointsis checked, you will be asked to
pick 3 points in the scene. The slice plane will be updatedtersect the specified points.

Translate
& Translate: [+ — w— [+ |50 |

This slider allows you to select different slices. The siogay also be picked and dragged directly
in the 3D viewer.

Selection

& Selection: &l w
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This port maintains a list of materials to be displayed witthie cross section. With the selection
menu one can select a single material. Pug button adds the currently selected material to the
list so the that is becomes visible and fRemoveébutton removes the material so that is becomes
invisible.

Commands
Inherits all commands oArbitraryCut

5.21 GridVolume

The GridVolumemodule is a powerful tool for visualizing labeled tetrahedwolume grids, e.g., tetra-
hedral patient models. Views on various sub-grids can beifépe, e.g., a view on a sub-grid cor-
responding to one of the tissue compartments of a patienemddhe module maintains an internal
buffer which contains all currently visible tetrahedra.trdedra belonging to a particular compart-
ment can be selected and added to the buffer. Selectededteahire displayed using a red wireframe.
Having been added to the buffer they are displayed in thein@ated colors. The selection can be
restricted by means of an adjustable selection box. In mddiindividual tetrahedra can be removed
from the buffer by Ctrl-clicking on one of their faces, buttice that the viewer has to be turned into
interactive mode for this. Similarly, a simple click on a éaadds the tetrahedra in front of it to the
buffer.

Connections

Data [required]
The labeledetrahedral grido be visualized.

ColorField [optional]
Arbitrary scalar field which is mapped onto the grid volumaggseudo-coloring.

Colormap [optional]
The colormap is used for pseudo-coloring the grid volume.

ROI [optional]
Optional connection to an object providing a region-okiset, e.g.SelectRai Only triangles
inside this region will be visualized.

Ports
Draw Style

‘a Draw Style: Ioutlined vl more nptionsl
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This port is inherited from th&ljewBaseclass and therefore the description will be found there.
In contrast to other modules derived from tiiewBaseclass this module does not provide the
possibility to consider vertex and direct normals. Thentgles will always be drawn flat.

Colormap

Boomrl WSS W[ |

This port becomes visible only if a scalar field has been coteaketo theColorField port. For
further details see sectiddolormap

Buffer

‘a Buffer: .-’-‘«ddl Hemovel Cleall Shnw.f'Hidel Draw||

This port lets youadd andremovehighlighted triangles (being displayed in red wireframzpan
internal buffer. For a further description and for the fuoality of each of the port buttons see
ViewBase

Materials

‘& M aterials: IAII vl ‘

This port provides a menu where all materials of the input gre listed. If you choose a material,
all tetrahedra of that material are selected and displaged)a red wireframe model. You may crop
the selection domain by turning the viewer into interactivede and moving the green handles of
the bounding box to a position of your choice. Only the teddra inside the bounding box can be
added to the buffer.

Color mode

|& Color mode: & nomal ¢ mixed T twisted

Here you may choose among several color modes. For detaithsenoduleSurfaceView

Commands

getSelectedTetra

Displays a run-length encoded list of all currently selddetrahedra. The list consists of pairs of
integer numbers. The first number is the index of a selecteahtedron. The second value denotes
the number of subsequent selected tetrahedra.

setSelectedTetra <list>
Adds some tetrahedra to the internal buffer so that theyrmecasible. The argument is a run-
length encoded list like the one displayed by getSelected.Te

5.22 GridVolume (Polyhedra)

TheGridVolumemodule is a powerful tool for visualizing labeled polyhddmelume grids, e.g., poly-
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hedral patient models. Views on various sub-grids can beifspe, e.g., a view on a sub-grid cor-
responding to one of the tissue compartments of a patienemddhe module maintains an internal
buffer which contains all currently visible polyhedra. {wdédra belonging to a particular compartment
can be selected and added to the buffer.

Connections

Data [required]
The labelegpolyhedral grido be visualized.

ColorField [optional]
Arbitrary scalar field which is mapped onto the grid volumaggseudo-coloring.

Colormap [optional]
The colormap is used for pseudo-coloring the grid volume.

Ports
Draw Style

8 Draw Style: |shaded v| [more optinns]

This port is inherited from th&/iewBaseclass and therefore its description will be found there.
In contrast to other modules derived from tewBaseclass this module does not provide the
possibility to consider vertex and direct normals. Thentgias will always be drawn flat.

Colormap

(8 cotomap: 1 | IR |

This port becomes visible only if a scalar field has been coteaeto theColorField port. For
further details see sectid®olormap

Selection

2 Selection: ‘

This port provides a menu where all materials of the input gre listed. It lets yoaddor remove
the selected material skin to the scene.

Color Mode
& Color mode: [Mappng | |

This port is available only on meshes with data located ols.cilallows you to change the color
mapping of the dataset on the geometry.

e Constant: Constant color.
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Average: Each cell is colored by a single color defined by the averagge\at its nodes.

Mapping: Cell coloring is obtained through interpolation of its noddues.

Contouring: Each cell is colored relating to its node values and to is@&between these
values.

Texturing: Same as Contouring but a texture is used for creating comtour

5.23 HexToTet

TheHexToTemodule converts a hexahedral grid to an equivalent tetrahgdd. The new tetrahedral
grid has the same points as the hexahedral grid to be codvétteh hexahedron is converted to six
tetrahedra which have the same material ID as the "paremttiediron.

The module also converts the data objects connected to ¥adédral grid.
Press thé\pplybutton to start the computation.

Connections

Data [required]
Unstructured hexahedral grid to be converted.

Ports
Options

‘a Options: [ convert data ohjscts

Toggles whether the data objects connected to the hexdlgeidrare also converted or not.

5.24 HexaView

The HexaView module displays an unstructured hexahedig| gr parts of the grid. Optionally an
independent scalar field can be mapped onto the grid as pselals. The module behaves almost
identical to theGridVolumemodule for tetrahedral grids.

Connections

Data [required]
Unstructured hexahedral grid to be visualized.

264 Chapter 5: Mesh Pack



ColorField [optional]
An arbitrary scalar field used for pseudo-coloring.

Colormap [optional]
The colormap used for pseudo-coloring, only used when a ¢ield is connected.

Ports
Draw Style

‘s Draw Style: I outlined 'I more nptionsl

Please refer to th&ridVolume documentation

Colormap

8 Colomop: IEEEHER AR |

Please refer to th&ridVolume documentation

Buffer

|8 Buffer: Addl Hemovel Elearl Showaidel Draw”

Please refer to th&ridVolume documentation

Materials

‘8 Materials:l-&” 'I ‘

Please refer to th&ridVolume documentation

Color mode

‘8 Color mode: © nomal ¢ mived ¢ twisted

Please refer to th&ridVolume documentation

5.25 llluminatedLines

This module displays line segments of a line set object tpkito account ambient, diffuse, and spec-
ular illumination. The illumination effect is implementéaternally using the same texture mapping
technigue which is also applied in modudésplayISL

Connections

Data [required]
The line set to be visualized.
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Colormap [optional]

The colormapused to encode the addional data of the line set. If no colpimeonnected to this
port it is used to set the default diffuse color of the illuatied lines.

Ports
ColorMode

‘a ColorMode: IND Color VI ‘

If the line set object contains additional data values petexethis menu allows you to select one
such variable which will be used to lookup vertex colorsNd Colorhas been selected the lines
will be displayed in uniform default color. This color may bleanged using the default (Constant)
color setting of the colormap above.

Colormap

Booomr) W W[ |

Optional colormap.

Options

|& Dptions: ¥ lighting ™~ animate

Lighting: Controls illumination of lines. If off, constant coloreaés are drawn (flat shading).
Animate: Activates particle-like animation. The animation speed/a controlled via the com-
mandsetAnimationSpeed

Fade Factor

‘& Fade Factor: |/ jl‘l |

Values smaller than 1 have the effect that line segmentsnbegnore and more transparent in
backward direction.

Transparency

‘a Tranzparency: Iﬁ ||D ‘

Base transparency of the line segments.

5.26 Interpolate

This module takes two or more data objects as input, e.g. twaces or two tetrahedral grids, and
computes an output object by linearily interpolating theteepositions. This can be used to create a
smooth transition between the two objects. In additiors, fidssible to interpolate data fields attached
to the surfaces or grids as well.
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Note that in any case the two input data sets must have thersamiger of points in order to produce
meaningful results. For example, the second input couldadlgtbe a copy of the first one with an
applied transformation.

Usually, the transition is specified by a parameter u varpietgveen 0 and n-1, where n is the number
of input objects. However, it is also possible to associgidysical time with each input. For this,
each input must define an enffimein its parameter list which specifies the actual physicaéton
this input. The time value of any input must be bigger thartitine value of the preceeding input. If
these conditions are met the toggleysical timedescribed below becomes active TAne parameter
can be defined interactively using the parameter editor.

Connections

Data [required]

First input object to be interpolated. Must either be a sigfa tetrahedral grid, a hexahedral grid,
a field defined on one of these objects, or a lattice objecHiR® image.

Input2 [required]
Second input object to be interpolated. This object mustfitlesosame type as the first one.

Input3 [optional]
Optional third input object. Once a third input object is nented automatically additional input
ports will be created. In this way it is possible to connecadritrary number of inputs.

Ports

Info

‘a Info: noinput objects

This info port reports the number of input objects, and - ditable - the current physical time or
the current fractional time step depending on whether tlysiphl time toggle is activated or not.

Options

‘& Options: [ interpolate mesh ton W physical e

If the input is a surface, a tetrahedral grid or a hexahedidl and if there are additional fields

connected to these objects the first toggle allows you tapotate the data fields as well. If the

input itself is such a data field the first toggle allows yourtteipolate the mesh too. In this case
the toggle’s label will be changed appropriately.

The second toggle allows you to activate physical time mpdeyided the input objects have a
Timeentry in their parameter list. In this case the time slidee(below) denotes physical time,
whereas otherwise it denotes a fractional time step.
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Time

8 Time: a4’ A 7 |05 |
Interpolation parameter. For t=0 the output will be ideattio the first input. For t=1 output will

be second input. If physical time mode is active, this pocifggs the physical time for which an
output object should be computed.

5.27 Isosurface (Hexahedra)

This module computes an isosurface within a three-dimeasgxalar field defined on an unstructured
hexahedral grid.

A second independent scalar field may be connected to the lmodhis field determines how the
isosurface is colored. If no color field is connected to thelule the isosurface has constant color.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The scalar field defined on an unstructured hexahedral gneeficondingnust bePER-VERTEX

ColorField [optional]
Arbitrary scalar field which is mapped onto the isosurfadagipseudo-coloring.

Colormap [optional]
The colormap is used for pseudo-coloring the isosurface.

Ports

Draw Style

|& Draw Style: Ishaded vl mare optinnsl

The draw style port is inherited from claggewBase For a description of this port seékere

Colormap

Booomr) W W[ |

In case a colormap is connected to the isosurface modusecohormap will be shown here. If no
colormap is connected to the module the port’s default dslosed. To change this color, click into
the color bar with the left mouse button. This will bring ugtbolor selection dialog. To connect
the port to a colormap, use the popup menu under the rightertmutton. See alsGolormap
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Buffer

|& Buffer: Addl Hemovel Elearl Showaidel Draw”

This port must be enabled explicitly with the commdsdsurface showBuffer . For a de-
tailed description see théewBasedocumentation.

Threshold
‘& Threshold: || ™ |[276534 |

Determines the value used for isosurface computation. lfdher $s automatically adjusted to cover
the whole range of data values.

5.28 Isosurface (Polyhedra)

This module computes an isosurface for a scalar field definedtbree-dimensional tetrahedral grid.
A second independent scalar field may be connected to the lmodlhis field determines how the
isosurface is colored. If no color field is connected to thelate, the isosurface has constant color.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The scalar field defined on a polyhedral grid.

Color field [optional]
Arbitrary scalar field which is mapped onto the isosurfadagipseudo-coloring.

Colormap [optional]
The colormap is used for pseudo-coloring the isosurface.

Ports
Draw Style

‘3 Draw Style: |shaded v| [more optinns]

The draw style port is inherited from clagiewBase For a description of this port sedewBase

Colormap

‘8 Colomap: [1 | Pty |1—|‘

If a colormap is connected to the isosurface module, thisrowhp will be shown here. If no
colormap is connected to the module, the port’s defaultrdslosed. To change this color, click into
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the color bar with the left mouse button. This will bring ugtbolor selection dialog. To connect
the port to a colormap, use the popup menu under the rightertmutton. See alsGolormap

Threshold
& Threshold: |5 i} |

Specifies the value used for isosurface computation. Tterss automatically adjusted to cover the
whole range of data values. If the threshold value is charthedcomputation of the new isosurface
is immediately invoked.

5.29 Isosurface (Tetrahedra)

This module computes an isosurface for a scalar field definedtbree-dimensional tetrahedral grid.
The triangulation inside a tetrahedron exactly matchesealiy interpolated field.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The scalar field defined on a tetrahedral grid.

ColorField [optional]
See poriColorFieldin sectionlsosurface (Hexahedra)

Colormap [optional]
See poriColormapin sectionlsosurface (Hexahedra)

Ports
Draw Style

|a Draw Style: Ishaded VI more Dptinnsl

The draw style port is inherited from clagiewBaseFor a description of this port sékere

Colormap
Eowomn[ WM W[ |
See poriColormapin sectionlsosurface (Hexahedra)

Threshold

|§ Threshold: [F, [z77% ‘
Determines the value used for isosurface computation. lder $s automatically adjusted to cover
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the whole range of data values. If the threshold value is ghdrthe computation of the new
isosurface is immediately invoked.

Buffer

|& Buffer: Addl Hemovel Elearl Showaidel Draw”

This port must be enabled explicitly with the commdsadsurface showBuffer . For a de-
tailed description see thdewBasedocumentation.

5.30 Lambda2

The Lambda2module computes the second largest eigenvalue of the miateixS? + Q2 whereS
and(? are the symmetric and anti-symmetric parts of the Jacoljiarvector field.

The points where this is negative marks a vortex core.
Press thé\pplybutton to start the computation.

Connections

Data [required]

Vector field defined on a uniform gridUfpiformVectorFieldy. The vector components must be
floats.

Ports

Result type

|& Result type: + zame as input  float

5.31 LatToHex

ThelLatToHexmodule converts a 3D lattice to an equivalent hexahedrdl gtie new hexahedral grid
has the same points as the lattice to be converted. The tefatérial ID O will be assigned to each
hexahedron.

The module can also convert the data contained in the latteftices having a dimension of 1 in one
direction, e.g., images, are converted to grids contaipimlyg vertices. Such grids can be visualized
with VertexView

Press thé\pplybutton to start the computation.
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Connections

Data [required]
3D lattice (uniform to curvilinear) to be converted.

Ports
Options

‘& Options: [ corvert data objects

Toggles whether the data contained in the lattice is alsvarted or not.

5.32 LineStreaks

This module takes a surface and randomly distributes a nuwofbghort line segments on it. The
line segments are computed as field lines of a 3D vector fi@fepted onto the surface or as field
lines of a vector field directly defined on that surface. Thtetacan for example be produced by the
GetCurvaturenodule inMax Directionmode. Instead of being visualized directly the resultimg li
streaks will be stored in AineSetdata object.

Press thé\pplybutton to start the computation.

Connections

Data [required]
The surface where the streaks will be put on.

VectorField [required]

The vector field from which the streaks will be computed. Mayelther a surface vector field or a
3D vector field.

Ports
StreakLength

|a StreakLength: I1D ‘

Relative length of the field line segments. The length isestaly the length of the diagonal of the
surface’s bounding box.

NumsStreaks

‘& NumStreaks: I'IDD |

Number of line streaks to be computed. The number of streaksyrface area will be approxi-
mately constant.
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Commands

setResolution <res>

Allows you to adjust the resolution of the line segments. figier the value the smaller the point
spacing. The default value is 256, resulting in a point disteof 1/256 of the length of the surface’s
bounding box.

5.33 MagAndPhase

The MagAndPhasenodule connects to a UniformComplexScalarField. For eashtpn space it
computes the phase and the squared magnitude and creatésral@olorField from this information.
The squared magnitude is used to determine the alpha vatudlfe opacity) of a voxel. The phase
determines the color using an arbitrary colormap. This nedan be used to visualize quantum
mechanical wave functions.

Press thé\pplybutton to start the computation.

Connections

Data [required]
Complex scalar field defined on a regular grid.

Colormap [optional]

A colormap that is used to visualize the phase. In order tadabat phase values are being clipped
the range of the colormap should extend frem to +.

Ports

Colormap

Broomrf M W[ |

Phase colormap input port.

5.34 Magnitude

The Magnitudemodule computes the magnitude of the vectors of a vector field

V= V2 + Vg + V2

These vectors might be located on regular or on irregulatsgriRegular or complex vector fields
are typically defined by uniform, stacked, rectilinear, arwlinear coordinates. Vectors located on
vertices of triangular surface meshes or tetrahedral grieslefined by irregular coordinates.
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The result ofMagnitudeis a field of scalars, located at positions according to theedyging grid of
the input data.

Press thé\pplybutton to start the computation.

Connections

Data [required]
Field or complex vector field defined on a regular gtidttice3.

Vector field on an irregular grid, either specified by nodea stirface, a tetrahedral or a hexahedral
grid (SurfaceField, TetraData, HexaD3ta

Ports

Number of Vectors

& Vectors: 110532

Shows number of input vectors and the vector dimension formding the magnitude field.

Mode

|§ Mode: “ vector + normal + tangent

Choose whether to compute the magnitude of the vector, itr@r tangential component relative
to the primary surface normals. This port is only shown if dae vectorfield has been connected.

5.35 ParametricSurface

This module can be used to define and animate arbitrary paiarsgrfaces in two, three dimensions.
There are some pre-defined surfaces like the Moebius stigin Kottle and Random mapping to
illustrate the use of the text fields that define expressionX,fY, andZ.

The expressions may depend orandv which are Cartesian coordinates of the plane. They can
also depend otheta andr which are their counterparts in polar coordinates. A seépaspherical
coordinate system is accessible by the varialalesdda andphi . The variablé is linked to the time
port and can be used to perform for example linear interolatbetween two mappings like:

(t — 1) = (expressionl) + t * (expression2). (5.3)
Press theé\pplybutton if you want to do an animation because you will neegtoampute the mesh

every timet changes.
Surfaces can be exported by theaw Style port (= more options = Create surface ).
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Connections

Data [optional]

If a regular scalar field is supplied, the generated meshhgilscaled and shifted according to its
bounding box. Using the transform editor of the data is a eaient way of scaling and shifting the
generated mesh.

Colormap [optional]

The colormap is used to calculate the color of the mesh base¢kdeoexpression in the Colorport
(initially r , the radial distance of the u-v mesh point from its mean joogit

Time [optional]

An additional variable which can be used in all the expres$ields. It can be used to generate
animations.

Cluster [optional]

If you connect to this module a Cluster object (points in g)athe module will generate a second
cluster object and apply the transformation in the expoeselds to itsx andy coordinates. This
may be useful to visualize the u/v plane as a point cloud.

Ports
Draw Style

‘& Draw Style: Ishaded 'I more options |

Select a specific draw style for the mesh currently on disgtay higher resolution meshes usually
shaded works best.

Colormap

(8 colomap: [T NEEEER 0 W [1 |

This colormap will be used to map colors per vertex using lewdues in theColor port

Pre-defined surfaces

‘a Pre-defined surfaces: ITorus j |

The pre-defined surfaces are some commonly used to illesralytically defined meshes. They
are mainly here to illustrate the use of the different vddalin the Colorports.

As a last entry you will find a Random generator which will gexte random entries for the x, y
and z ports, i.e. a random mapping. Currently there is a maxirdepth of10 for the randomly
generated expressions.

u

‘& U: umin |—3.14155 step 0.1 umax |3.14159 |
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This port describes the resolution of the initial mesh (before the transformatiomsvapplied).
Its values code the minimum value of(step size) and the maximum value wf Lowering the
step-size will directly increase the resolution of the mesh

\Y

‘& V: ymin [-3.14159  step [0.1 vmax [3.14159 ‘

This port works the same way as th&5port for thev parameter of the initial mesh.

X

|§ X |3+cosiu))cosiy) |

Enter an expression to be evaluated in order to describe-fhasition of a mesh in 3D space. Use
the5.35port to see some useful settings for this port.

Y

|§ Y: [i3+costulysiniv)

Enter an expression to be evaluated in order to describg-fhasition of a mesh in 3D space. Use
the5.35port to see some useful settings for this port.

Z
|a zZ Isin[u}

Enter an expression to be evaluated in order to describe-fhasition of a mesh in 3D space. Use
the5.35port to see some useful settings for this port.

Color

|a Color: Isinliu'E}’sinl:v’E}‘t

Enter an expression to be evaluated in order to describeetttexvcolor of the mesh. All variables
of the other fields can be used in this field. By default it corsa which is the radial distance from
the center position of the mesh.

Time

& Tme: [T T [l |

This slider is directly linked to the expressibrwhich can be used in all x, y, z and Color ports.

5.36 ParticlePlot

ParticlePlot is a replacement for the oldeonePlotmodule. For compatibility reasons the old Cone-
Plot module is still available.
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This module visualizes scalar vector fields by particles1é3) pointing in the direction of the local
flow. The placement of particles can be done similar to thieidigion modes of thé®isplay!SLmod-
ule. The particles are animated to generate a sequencesagitsbjvalking” through the vector field.
An example network can be found at share/examples/HxCoh&RI ParticlePlot uses Open Inventor
render caching. All animation steps are pre-computed aageplback by making the appropriate parts
of the scene visible. This technique requires little CPU potation but larger amounts of memory and
a fast graphics card. Notice that the first pass through theation may be slow but subsequent ren-
der passes speed up. To control the overall speed of the tmimnuae thesetRealTimeDuration
command of the time slider.

Note that you must press tgplybutton for every change in the parameters. Only the objetsijht
andRadiusare updated without you needing to explicitly pressAipglybutton.

Connections

Data [required]

The 3D vector field to be visualized.

ROI [optional]

A connection to &selectRomodule which specifies a rectangular region of interest.sEeel points
will be restricted to its region of interest.

Shape data [optional]

Supply a custom shape to be replicated instead of the comgsgédometry displayed iamira can
be used.

Distribution [optional]

An optional scalar field which can be used to control the ithistion of seed points.

Color field [optional]

An optional scalar field which, if present, will be used foepdo-coloring. Often it is useful to
create a scalar field from a vector field using Meagnitudemodule.

Colormap [optional]

The colormapused to encode the color field. If no color field is connected,rhagnitude of the
vector field at each position will be used for pseudo-colprin

Animate [optional]

A time slider which controls the currently shown step of thanzation. To control the overall speed
of the animation use theetRealTimeDuration command of the time slider.

Ports
Distribute

3 Distribute: Ihomngenenus vI |
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This port provides an option menu specifying how seed pargdistributed inside the seed box.
By default ahomogeneoudistribution will be used. Alternatively, seed points may distributed
according to the vector field’s magnitude or according tovilee of the distribution field, if such

a field is connected to the module. Tlgualizeoption provides a mixture of homogeneous and
proportional seed point distribution.

Theregular option distributes the objects at regular intervals in tbaraing box using the infor-
mation in theResolutiomport. For this last setting, the length of integration isiaétally to 1 in
order to restrict the number of cones produced.

Resolution

‘3 Resolution: x |30 y [30 z |30 |

For proportional and equalized distribute settings, thig gpecifies the resolution at which the
vector field will be sampled. If the regular mode for the dimttion is selected, this port will
specify the number of objects distributed in the bounding bo

Colormap
|8 coomap- 0 NN W[ |

A colormap which specifies the pseudo-coloring used. Plaasethat the maximum magnitude
detected is printed out by the module after eApiplybutton action.

Options
|8 Options:  MNumTraces |1DD NumCones |1 Length |1I}I} ‘

This port specifies the number of traces computed, the nuofomsnes per trace which are dis-
played at each point in time, and the number of steps of theowéeld integration.

Options2

‘3 Options2:  StepSize |0.01 Height |0.02 Radius |0.01 ‘

This port specifies the initial step size of the Runge-Kut@es and the height and radius of the
cones. If a shape object is attached to the module, only tiglthsetting will be used to specify its
isotropic scaling.

If you want to change the default data range of each o&p#onsports, you can use the following
Tcl command:

ParticlePlot Options setMinMax 2 0 500

which will for example set the minimum and maximum valueshefltengthtext field to 0 and 500.

Threshold

‘3 Threshold: x>0

This port specifies an expression field similar to the one usédithmetic. The valuex is defined
as the magnitude of the vector field evaluated at each pogifithe field.
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Animate

8 Animate: | [T 7 | p]0 |
A time slider which controls the currently shown step of thenzation. To control the overall speed
of the animation use theetRealTimeDuration command of the time slider.

Commands

createLineSet
Generates a line set object from the current particle trace.

getStepsToBlend
Returns the current number of steps that will be used at thmlaad end of each particle trace to
blend out the objects.

setStepsToBlend x
Sets the number of steps that will be used at the begin andfezath particle trace to blend out
the objects.

5.37 PlanarLIC

This module intersects an arbitrary 3D vector field and Vigaa its directional structure in the cutting
plane using a technique call&de integral convolutiorfLIC). The LIC algorithm works by convolving

a random noise image along the projected field lines of thenniieg vector field using a piecewise-
linear hat filter. The synthesized texture clearly revelaésdirectional structure of the vector field
inside the cutting plane. As long as no valid LIC texture hasrbcomputed, a default checkerboard
pattern is displayed instead.

PlanarLIC is derived fromArbitraryCut See the documentation of this module for details on how
to adjust the position and orientation of the cutting plam@dick here in order to execute a script
demonstrating the use of tianarLIC module.

Press theéApply button to start the computation. If no LIC texture has beemmated yet, a default
checkerboard pattern is displayed. This pattern is algualied as soon as filter length or resolution
are changed. Press tApplybutton again in order to update the texture.

Connections

Data [required]
Vector field to be visualized.

ColorField [optional]
A scalar field which may be used for pseudo-coloring.
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Colormap [optional]

Colormap used for pseudo-coloring. If no colormap is coteetthe default color of the colormap
port will be used. The port is hidden if pseudo-color modesistgnone

Ports

Orientation

‘a Orientation: .&Hiall Eornnall Sagittall

This port provides three buttons for resetting the slicerttétion.Axial slices are perpendicular to
the z-axiscoronalslices are perpendicular to the y-axis, aagjittalslices are perpendicular to the
X-axis.

Options

‘& Options: | adjust view [ rotate

If toggle adjust viewis active, then the camera of the 3D viewer will be reset wiienene of the
orientation buttons is clicked.

If the rotatetoggle is active, then a virtual trackball is displayed. Bgking and dragging the track-
ball you may change the orientation of the plane. Rememlagthle viewer must be in interaction
mode in order to do so. The ESC-key inside the viewer windaygles between navigation mode
and interaction mode. The trackball of the last active AdpitCut can also be turned on and off by
pressing the TAB-key inside the viewer window.

Translate

‘& Translate: ﬂl S ﬂIED ‘

This port lets you translate the plane along its normal dimec

Colorize

|& Colorize: I Mare 'I ‘

An option menu allowing to select different pseudo-colod®®. If itemnoneis selected, the LIC
texture will be displayed in grayscale only.rifagnitudes selected, each pixel of the LIC texture
will be colored according to vector magnitude at this polhtaormal componeris selected, then
color denotes the signed length of the vector componentepelipular to the cutting plane. This
length will be positive if the vector points upwards or négatf the vector points downwards. If
parallel componenis selected, then color denotes the length of the vector oot tangential to
the plane. This length will always be greater or equal than.zEinally, if color fieldis selected,
and if a scalar field is connected to pGulorField, the external scalar field will be used for pseudo-
coloring.

Colormap
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|§ Colormap: [0 HE A ‘

Port to select a colormap.

Lic
|& Lic: filter length |2D rezalution I'I oo zeed IIJ |

The input denotedlter lengthcontrols the one-sided length of the filter kernel used fa Integral
convolution. The larger this value is, the more coherentgtasyscale distribution along the field
lines. Often larger values are visually more attractiventbaaller ones. A value of O lets you see
an isotropic noise pattern without any directional infotima.

The second input of this port determines tesolutionof an intermediate sampling raster used to
compute field lines. Fine details of the vector field might biesad if the sampling resolution is
too low. The resolution value also has an effect on the geaitylof the resulting LIC image. The
size of the LIC texture being computed is chosen to be thepmxer of two larger than or equal to
the sampling resolution. For example, if the resolutioreists 128, the size of the LIC texture will
be 128x128. If the resolution is set to 129, then a LIC textfrsize 256x256 will be computed,
resulting in much finer structures.

The third input of this port denoted asedallows control of the generation of the noise pattern. A
value of 0 means that a different random noise pattern is issezhch successive calculation. Any
other value allows use of the same noise pattern each tim@puwtation is started. The latter yields
better results for videos where the LIC plane slices thraugblume.

Phase

‘a Phasze: IA ID ‘

This port will only be visible if a complex-valued vector fids connected to the module. It provides
a phase slider controlling which part of the complex 3D vests visualized. A value of O degree
corresponds to the real part, while a value of 90 degreesgponds to the imaginary part. Other
values yield intermediate vectors

Commands

setNumSubPixels  {1]2|3 }

Allows you to change an internal parameter of the LIC aldnit Since LIC images contain very
high spatial frequency components, they are susceptiblaliftsing. Aliasing can be almost elim-
inated by choosing the number of sub-pixels to be 2 or even@uveer, this is achieved at the
expense of increased computing time.

writeTexture <filename>
This command allows you to write the current LIC texture iatfile in raw PPM format.
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5.38 RateOfStrainTensor

This module computes the rate of strain tensor for a giveplatiement vector field. If the displace-
ment vector field describes the displacement of matter icespthe rate of strain tensor field will
specify how the space is distorted by this field.

Analyze the resulting tensor field by extracting its eigémea (ExtractEigenvalues module) where the
tensor field should be indefinite and thus may contain negativ positive eigenvalues for directions
in which the matter is compressed or expanded during therti.

Connections

Data [required]
A vector field which describes the space distortion.

5.39 SeedSurface

This module extends the vector field visualization modbdigplayISL It allows you to compute illu-
minated field lines of a vector field with seed points disti#aliacross an arbitrasurface

First, load both the vector field and the surface imtaira. Then attactDisplaylSLto the vector field.
From the popup menu ddisplaylSLchooseSeedSurface The SeedSurfacenodule automatically
connects itself to the first surface found in the Pool. Of seuyou may change the surface connection
at any time later on. Properties of the illuminated field $iseich as base opacity, fade factor, or color
will be determined byisplayISL

The Apply button is used to initiate distribution of seeds and recaapan of field lines. Once the
incoming vector field has changed or you have modified the rumobfield lines or the line’s length,
you must presspplyagain in order to update the display.

Connections

Data [required]
Module of typeDisplaylSLwhich is used to display the illuminated field lines.

DisplaylSL [required]
The surface on which the field lines will be distributed.

Ports

NumLines

|a HumLines: II A |1':“:I |
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Number of field lines to be displayed. This port will only bsible if distribution moden surface
has been selected. The distribution algorithm tries toeaha constant seed density per surface
area.

Length

|§ Length: [~ |30 |

The length of the field lines, or more precisely, the numbeatomic line segments, in forward
respectively backward direction. The lines may stop eaifl@ singularity (i.e. zero magnitude) is
encountered or if the field’s domain is left.

Balance

‘& Balance: |/ A ||D |

By default field lines are equally long in forward and backsivdirection, corresponding to a balance
value of 0. This port allows you to change this behavior. Aueabf -1 indicates that field lines
should extend in backward direction only, while a value afidi¢cates that field lines should extend
in forward direction only.

Distribute

& Distribute: IDn Surface vI |

This port provides an option menu specifying the seed digion mode. Ifat verticess chosen, a
field line is started at each vertex of the surfaceorifsurfacds chosen, a user-defined number of
field lines will be uniformly distributed across the surface

5.40 Splats

This module visualizes scalar fields defined on tetrahedids gising a direct volume rendering tech-
nique called cell projection splatting. The principle ofsttimethod is to display a kind of semi-
transparent clouds. The higher the data values the briginigimore opaque these clouds are. Of-
ten, meaningful results are obtained if this technique élus conjunction with a standarslosurface
module

In order to get correct results for linearly varying funcitioa special texture mapping technique is
applied. On machines where texture mapping is not suppartedrdware this might be quite slow.
As an alternative untextured splats may be used. Howevtidicase the scalar field is assumed to be
constant in each tetrahedron. To obtain such a piecewisgamrfunction the vertex values of each
tetrahedron are averaged. As a consequence artifical diisgibies might be observed.

Press thé\pplybutton to start the computation.
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Connections

Data [required]
The tetrahedral scalar field to be visualized.

Ports
Alpha Scale

|& AlphaScale: [, 2 ‘

A global factor used to change the overall transparency efitidividual splats. Higher values
produce denser clouds.

Gamma
|& Gamma: II A ||2 |

This value determines how the function value between theamihmax values of poRangewill be
mapped to opacity and color. If the gamma value is 1 a linegopimag will be used. If the gamma
value is smaller than 1 the overall appearance of the clotsdgere opaque. If the gamma value is
bigger than 1 the cloud gets more transparent.

Range

|& Range: [299173  [438744 |

Data range. Regions where the function value is below thevalire will be completely transparent.
Likewise, regions where the function value is above the nadeswill be opaque.

Interpolation

|a Interpolation: * constant © linear

Lets you select the type of splats being us€dnstantenables untextured splatsinear enables
textured splats. The latter setting will be able to corsedisplay linearly varying scalar fields.

Commands

setColor <color>

Lets you define the base color of the volume rendered clouds. d€¥ault an orange color
will be used (0.8 0.6 0.1). The color may be specified by eilmeRGB triple in range 0...1 or by a
common X11 color name, e.@reen

5.41 StreamRibbons

This module displays stream lines or stream ribbons in a fleld.fi Stream ribbons are computed
by tracing two individual stream lines and connecting thentriangles. The initial orientation of
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a stream ribbon is orthogonal to the normal direction of tbevflield at the seed point. The seed
points themselves are defined interactively by moving a skagde in space (aline, a circle, or afilled
square). The seed shape can be transformed using an Opetoinivansformer dragger. MR Pack

it is also possible to pick and transform the dragger usiedib mouse.

Connections

Data [required]
The vector field to be visualized.

Colormap [optional]
Colormap used to depict vector magnitude.

Ports

Colormap

8 coomep: 0 NEEENT W[

Colormap used to depict vector magnitude.

Resolution

‘& Resolution: |/ A o |

Logarithmic slider allowing to adjust the resolution of teeam line tracing algorithm. A value of
1 means a 10 times higher resolution compared to the defeéhile a value of -1 means a 10 times
smaller resolution. The higher the resolution the morediegments and triangles are generated.

Density

|8 Density: [ A o |

Logorithmic slider allowing to adjust the density of strelines or stream ribbons. The higher the
value the more lines or ribbons are traced.

Width

‘& Width: [/ A [1 |
This slider can be used to adjust the width or thickness oftiteam ribbons. The default thickness
is set proportional to the length of the diagonal of the bangtox of the input data set.

Length

‘& Length: [~ 5 [1 |
Adjusts the length of the stream lines or stream ribbons.
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Seed type

‘& Seed type: Isquare 'I |

Defines the seed type: along a straight line segment, aloingudar line, or inside a square regions.

Mode

‘a Mode: ¢ lnes * rbbons

Defines if simple stream lines or stream ribbons should lwetta

Action

‘a Action: P«ddl Uearl Hide dlﬁggerl |

The AddandClear buttons have no meaning yet. The third button allows you twsbr hide the
Open Inventor dragger for manipulating the seed shapeiposit

Commands
Inherits all ports ofObject

setBox -b xmin xmax ymin ymax zmin zmax
Sets the position of the Open Inventor dragger so that it Inestthe specified box. The display is
updated automatically.

setBox [-t x y z] [-r x y z phi] [-s X y Z]

Alternate way of setting the Open Inventor dragger. Theeloptional arguments indicate the
translational, rotational, and scaling part of the draggeansformation matrix. With this command
itis possible to set the dragger in an arbitrary way (it mustae axis-aligned). If all three parts are
specified the option string$ , -r , and-s can be omitted.

getBox

Returns the current transformation of the dragger in terii@aslation (first three numbers), rota-
tions (next four numbers), and scaling (last three numbe@tsd result can be used as the arguments
of thesetBox command.

5.42 StreamSurface

This module computes stream surfaces of an arbitrary 3Dowéield. A stream surface consists of
multiple interconnected stream lines started along a ffireztéline source. The algorithm automati-
cally inserts new stream lines in divergent regions of thd fieikewise, in convergent regions stream
lines are automatically removed. The resulting streamased can be accumulated in a sepagate
faceobject. In this way further post-processing is facilitatied example, computation of a LIC texture
usingSurfacelLIC
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Connections

Data [required]
The 3D vector field to be visualized.

Colormap [optional]
Optional colormap. By default, the current stream surfaiteb& display in wireframe mode and

will be colored according to the arc-length of the strearagdiforming the stream surface.

Ports

Colormap

B romer? W W[ |

Port to select a colormap.

Origin
|& Point: HID-E yIU-5 zID-5 show ||

This port defines the seed point of the stream surface. Bysimgshe toggleshowa crosshair
dragger can be activated which allows you to change the sgatlipteractively in 3D.

Actually, in order to compute a stream surface not only a ge®dt but a seed line is required.
Starting from the seed point, such a line will be defined aattically taking into account the seed
selection mode chosen in pdsttion

Resolution

‘a Resolution: II A ||':' |

Controls the resolution of the discretized stream surfagmore precisely, the preferred edge length
of the triangulation. Smaller values results in more dstail

Length

‘a Length: n |2D m ID width |5 |

Valuen determines how far the surface should be traced in backwarctin. Valuem determines
how far the surface should be traced in forward directiodu®®idth determines the extent of the
seed line. The actual lengths in physical space depend orathe of portresolution All values
may be changed using the right mouse buttons by means ofuahgtider.

Action

|& Action: Addto Hesultl CIearHesuIt”z-aHis vl|

This port provides push buttons allowing you to store theentrstream surface in a surface object
(add to resul}, respectively to remove all triangles from this surfacaiagclear resulj. Moreover,
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the port provides an option menu allowing you to select thelenased for automatic seed line
definition. The following modes are supported:

Binormal: The seed line will be traced in a direction perpendiculardthlithe stream line’s tangent
and normal (curvature) direction. Often this gives quiteamegful results. However, note that in
general the stream surface’s normal vectors do not coniditiethe stream line’s curvature vectors
except at the seed line.

Normal: The seed line will be traced along the field line’s normal yature) direction.

X-axis: The seed line is chosen in x-direction

Y-axis: The seed line is chosen in y-direction.

Z-axis: The seed line is chosen in z-direction.

Commands

setLineWidth <width>
Sets line width of wireframe model.

setTolerance <eps>
Sets relative tolerance used for field line integration. défault is 0.001 times the sampling width
set in portresolution

doLineSet {0|]1 }
If argumentis 1 only stream lines will be displayed inste&the stream surface’s triangulation.

setDrawStyle  {1]2 }

Allows you to set the draw style used in surface mode, i.eevdoLineSet is off. A value of 1
denotes wireframe mode, while a value of 2 denotes shadétsunode. In order to display the
surface in a more fancy way convert it into a surface objedtuseSurface View

5.43 SurfaceLIC

This module visualizes a vector field defined on an arbitragngular surface using line integral
convolution (LIC). Alternatively, a 3D vector field projext onto such a surface can be visualized.
The LIC algorithm works by convolving a random noise funotalong field lines tangential to the
surface using a piecewise-linear hat filter. In this way factetriangle a small piece of texture is
computed and mapped back onto the surface. The final sudateé clearly reveals the directional
structure of the surface vector field. A similar 2D algorittmimplemented by th&lanarLICmodule.

Press theéApply button to start the computation of the surface LIC texturem@utation may take a
minute or more depending on texture resolution and on theébeuwf triangles of the surface.

Click here to execute a script demonstrating $hefaceLICmodule. Computation of the surface LIC
texture may take about half a minute.
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Connections

Data [required]
Surface for which a LIC texture is to be computed.

VectorField [required]
Surface vector field or 3D vector field to be visualized.

ScalarField [optional]
An optional scalar field which can be used for pseudo-cotprin

Colormap [optional]

Colormap used for pseudo-coloring. If no colormap is coteetthe default color of the colormap
port will be used.

Ports

Colormap

|& Colormap: [0 HE A ‘

Port to select a colormap.

ColorMode

‘& ColorMode: I Constant vl|

Three different color modes are providedClbnstanis selected, then a uniform overall base color
is used for the LIC texture. This will be the default color lbétcolormap port or the left-most color
of the colormap connected to this port, if any.Migitudeis selected, then the LIC texture will
be colored according to the magnitude of the vector fieldaliinif Color fieldis selected, and a
scalar field is connected to the module, then the LIC textultdoe colored according to the values
of this scalar field.

Texture Interpolation

‘& Interpol: © constant @ bilinear

A radio box determining how the triangle textures are beittgréd by the underlying OpenGL
driver. Possible choices ammnstantor bilinear interpolation. Usually, you will not see a big
difference unless you zoom up the image very much.

Contrast

|a Contrast: center |1?5 factor |2DD ‘

This port provides two parameters controlling the amoumtoitrast of the final LIC texture. Input
field centerspecifies the average gray value of the texture. Higher saksult in brighter images.
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Input field factor determines the width of the gray value histogram, which i$afissian type.
Higher numbers produce more contrast.

Options

‘a Options: fiter length |2D resolution |255 ‘

Parametefilter length specifies the one-sided length of the triangular filter kkused for line
integral convolution. The larger this value, the more cehethe grayscale distribution along the
field lines. Often larger values are visually more attractivan smaller ones.

The second input determines thesolutionof the LIC texture. More precisely, the width of a
single texture cell is chosen to be equal to the length of thgahal of the incoming vector field’s
bounding box divided by the value of tihesolutionfield.

Commands

setAmbientColor <color>
Allows you to change the ambient color of the surface.

setDiffuseColor <color>
Allows you to change the diffuse color of the surface.

setSpecularColor <color>
Allows you to change the specular color of the surface.

setShininess <value>
Allows you to change the shininess of the surface.

setCreaseAngle <value>

Neighboring triangles will share a common vertex normahé aingle between their face normals
is smaller than the crease angle. The default value is 6@dsgiThis command lets you overwrite
this value. Note that discontinuities will appear if thetrgles of the input surface are not oriented
in the same way. In order to fix this, use the commfix@rientation of the surface.

5.44 TensorDisplay
This module displays symmetric second order tensors usingpt glyphs. You can select either a
sphere, a cylinder, a cone, or three lines to indicate theoteshape in a slice through the volume.

The module can display positive definite tensors or tensahsnegative eigenvalues. Positive definite
tensor fields occur, for example, in the form of diffusionders. Negative eigenvalues occur, for
example, in the analysis of rate of strain (stress) tensors.
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Connections

Data [required]
A symmetric second order tensor field with 6 degrees of freedo

Module [optional]
A connected EmptyPlane module which is used to orient theotedisplay plane in space.

Colormap [optional]
Tensor glyphs can be colored by this colormap.

Color field [optional]
A scalar field which can be used to color the tensor display.

Mask [optional]

In order to restrict the display of tensors to a specific amaaask volume can be attached. If such
a module is connected, an additional port is displayed withx@ression to select a sub-area in the
mask. If you connect, for example, a label field as a mask, youuse an expression like A¢0 to
disable the display of tensors in the exterior part of theldield.

Shape data [optional]

You can connect any currently displayed geometry to this aod it will be used instead of the
settings in the Display port.

Ports
Display

& Display: ¢ Cone { Cylinder (% Sphere ( Lines

Select either spheres, cylinders, cones, or lines to bdagisg at regular positions in the tensor
field.

Options

|8 Options: [ postive (semi-) definite

If you select this checkbox, only positive definite tensoilslve computed by using a singular value
decomposition. This is the default setting for diffusiongers. If you de-select this checkbox, a
standard algorithm for principal component analysis wél used, and also negative eigenvalues
may occur.

Mappings and colorings
|8 Mappings and colorings: I jlcnlnrb}'F}‘\ j |

The first drop down menu is only active if we have also negatigenvalues (see port Options).
The negative eigenvalues can be mapped to positive eigess/al either using absolute values for
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the eigenvalues, by doing a sigmoid mapping of the eigeregdiol 0..1 (eigenvalues close to zero
will be arround 0.5), or by using the Cauchy-Green tensoheiGreen strain tensor.

The color drop down menu allows you to color the tensors Ryeeitheir fractional anisotrophy
(FA) with large values for tensors with a preferred directiby their trace, or by either their first,
second, or third eigenvalue. You can also connect a Collordethe module and the data values
from this volume will be used instead.

Scale by value

‘8 Scale by value: | Evall | Evalz ¥ Evall ¢ FA ‘

The tensor glyphs are scaled according to the value of tigénealues. If Eval2 and Eval3 are
disabled, the tensor is drawn with a default scaling of 1 ®ofaf the first principal direction to the
second and third principal direction.

Display complexity

‘3 Display complexity: [ & joz2 ‘

Values larger than 0.2 will increase the number of triangke=d to display the glyphs.

Resolution

|3 Resolution: u |30 v |30 |

The number of glyphs sampled over the size of the EmptyPlaaeger numbers result in more
dense tensor displays.

Colormap

|8 coomap- [0 NN W[ |

The colormap used to color the tensors.

MaskExpr

‘3 MaskExpr:  [A>0 |

This port is only available if a scalar field is connected ®Naskinput port. Enter an expression
like A¢128 and the tensor display will be restricted to regiovhere the mask contains values
greater than 128.

Scale

|3 Scale: |f Jo.os |

Scales the tensor display. For larger resolution use sns#dings.
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5.45 TetToHex

The TetToHexmodule converts a tetrahedral grid to an equivalent hexahgdd. Each tetrahedron
is converted to four hexahedra which have the same materias lthe "parent” tetrahedron. The new
hexahedral grid does not have the same point set as theartgirahedral grid. The new point set
has more points, the new points being the center of eacthégtran, the center of each face, and the
middle point of each edge.

The module also converts the data objects connected to ¥adédral grid.
Press thé\pplybutton to start the computation.

Connections

Data [required]
Tetrahedral grid to be converted.

Ports
Options

|& Dptions: [ corwert data objects

Toggles whether the data objects connected to the tetralrggitt are also converted or not.

5.46 TetraCombine

This module takes two tetrahedral grids as input, puts tlegyether and creates a new combined grid.
The module can be used to createeattended gridrom a patient grid and a grid representing the
exterior space including parts of a treatment device or arifgp which the patient’s body is attached.
Triangles representing the boundary of the patient’s body be present in both input grid€ombine
provides an option to remove any duplicated triangles amniices from its output. The order in which
the input grids are combined does not matter.

To make sure that both grids being combined fit exactly tagreffou can attach @ridVolumemodule

to the combined grid. When invoking that module eadteriortriangles of the grid are highlighted, i.e.,
all triangles which are incident to only one tetrahedrone @isplayed triangles should all be located
at the outer boundary of the combined grid, not in its interio

Press thé\pplybutton to start the computation.

Connections

GridA [required]
The first input grid.
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GridB [required]
The second input grid.

Ports

Options

‘a Options: ¥ Femove duplicated

Remove duplicatechuses all duplicated points and triangles to be removexd fine output.

Boundary

|& Boundary: ¥ Maik exterior faces W Check exterior faces

Mark exterior facesetsboundaryConditionld = 1 for all exterior faces. BoundaryCondi-
tionlds may be useful if a numerical simulation shall be parfed on the resulting grid.

Check exterior faceshecks whether all exterior triangles lie on a sphere ardbedenter of the
bounding box of the grid.

547 TetraGen

The TetraGenmodule creates @olumetric tetrahedral gridits input is a description of the 3D geom-
etry by triangulated surfaces. Thdvancing front methoi$ applied to fill each region defined by the
surface data with tetrahedra. Tetrahedron generatione@etiormedn-lineor as abatch job

There are some 'reserved region names’ for the exterioorgiat should not be filled with tetrahedra
(otherwise the grid would extend to infinity): no name at &@lutside’, and all names starting with
"Exterior’. If you choose a different name for the exteri@gion, tetrahedron generation will fail.
Currently theSurfaceGemodule creates correct names ('Exterior’ and 'ExterigrBit the module
IvToSurfacedoes not. You must edit the region names before applying&etn to a surface created
by the latter module.

Connections

Data [required]
The input surface file (suffigurf ).

Ports
Region
|& Region: | &l bl ‘
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The menu of this port allows you to specify whether tetrabesthould be generated for all regions
or just for one selected region. The latter choice is needetébting purposes only.

Options

‘& Options: v improve gid | save grid

If toggle 'improve grid’ is set, the quality of the resultingtrahedral grid will be improved in a
post-processing step. A combined smoothing will be applibith includes moving inner vertices
and flipping inner edges or faces of the grid.

If toggle 'save grid’ is set, an additional pd®&rid will occur where you can enter a filename. The
resulting tetrahedral grid will be automatically saved entthat filename. This toggle must be set if
tetrahedron generation shall be performed as a batch job.

Grid

‘a Grnid: |su:|rted.n"h>:philipp.f'8urfaceF’ath.grid Browse

This portis only visible if toggle 'save grid’ at po@ptionsis set. Here you can define the filename
for the resulting tetrahedral grid. We recommend to incladgeffixgrid into the filename.

Action

‘& Action:  Meshsize | Run now | Fur batch | |

If you press theMeshsizéoutton, an editor window appears. It allows you to define areésnesh
size for each region. Note that there are predefined valuesofoe materials immira’s material
database. Check whether these values are appropriatetfoagplication.

After you have set up the simulation, you can commit it by piregg theRun batchor theRun now
button. If the file specified at pofrid already exists, a warning message is issued. If you don’t
want to overwrite the file, presSanceland change the filename.

If you press theRun batchbutton, thejob dialog window appears, showing the status of the job
queue. If you press thetartbutton, the first pending job of the queue starts running.

If you press thRun nowbutton, tetrahedron generation will be perforneedline This may take
some time for large surfaces. The progress bar indicateufrert region and which part of its
volume is already filled with tetrahedra.

5.48 TetraQuality

TheTetraQualitymodule creates a histogram of qualities for tetrahedraime! grids, e.qg., tetrahedral
patient models. For this purpose it has to be attached@oc Volumemodule. Quality is calculated
for all tetrahedra selected by that module. By default, fkram is shown with a logarithmic scale
to direct the focus on the tetrahedra with worst quality.
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Connections

Data [required]
The tetrahedral volume.

GridVolume [required]
A Grid Volumemodule that selects the tetrahedra for which the qualitglicutated.

Ports

Quality Measure

a Quality Measure: IDihedraI Angle vI

This option menu lets you select between different qualigasures:

e Diameter Ratio: Ratio of diameters of circumscribed and inscribed spheitee dptimal
(minimal) value is 3.
e Aspect Ratio: Aspect ratio = 3/ diameter ratio. The optimal (maximal) \eis! 1.

e Dihedral Angle: For each tetrahedron edge the dihedral angle is defined as@ihebetween
its adjacent faces. For an equilateral tetrahedron alldtdd@ngles are about 70 degrees.

e Solid Angle: For each tetrahedron vertex the solid angle is defined asatieopthe unit
sphere which is occupied by the tetrahedron. For an eqralatgtrahedron all solid angles
are about 30 degrees.

e Edge Length: If you choose this measure, a histogram of edge lengths atextdor all
selected tetrahedra.

Select Angle

& Select Angle: I.-’-‘«II VI

If the quality measure is dihedral or solid angle, you caecelhether a histogram is created for

e all angles,

e the minimal angle,

e the maximal angle, or

e minimal and maximal angle

of each tetrahedron.

Samples

‘& Samples: ﬂll—} ﬂI'IBD ‘

This slider lets you select the number of samples for thegisim. Normally, the default values
should be adequate.
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Histogram

If you select this toggle, a plot window appears showing tklram of qualities for all tetrahedra
selected by th&rid Volumemodule. If no tetrahedra have been selected, the plot winditimot
be shown.

5.49 TriangleQuality

The TriangleQualitymodule computes the triangle qualities fotrngular surfaceYou can attach
to the result &SurfaceViewmodule to visualize the triangle qualities oH&stogrammodule to plot a
histogram of triangle qualities. You can also use ThangleQualitymodule in conjunction with the
Surface Editoto detect the worst triangles and manually repair them.

Press thé\pplybutton to start the computation.

Connections

Data [required]
A triangular surface

Ports

Average edge length

|& Average edge length: 0.01 25384|

Displays the average length of triangle edges in the input.

Output

a Dutput: IFh"r vI

This option menu lets you select between different qualidasures:

e R/r: Ratio of diameters of circumscribed and inscribed circlee ®ptimal (minimal) value
is 2.

e Largest Angle: Computes the largest angle [degree] of each triangle. Foenical applica-
tions obtuse angles above 90 degree should be avoided.

e Dihed Angle: Computes the dihedral angle [degree] for each pair of adjddangles. Small
dihedral angles below 5 - 10 degree should be avoided.

e Triangle Number: For testing purposes only: assigns the triangle numberdio &&ngle.
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Convergence
Divergence
L Acceleration

Figure 5.1 Components of the vector field probe.

5.50 VectorProbe

The VectorProbemodule allows you to interactively investigate a 3D vecteldfiby moving around a
dynamic vector field probe. The probe displays certain gtiestissociated to the first order derivative
of the field in an intuitive way. This kind of probe has beergorally proposed by W.C. de Leeuw
and J.J. van Wijk irA Probe for Local Flow Field Visualization, Proceedings @uAlization’93, pp.
39-45 It looks as follows:

Connections

Data [required]
The 3D vector field to be visualized.

Ports
Dragger

‘& Dragger: ¥ show

Shows or hides the dragger and the vector field probe attaolied he dragger provides a cylinder
handle and a square plate handle. The cylinder handle ajlowgo translate the icon along the
center axis. The orientation of the cylinder can be changatjuthe[Ctrl]  key while the mouse
is located somewhere over the dragger.

Buffer

|§ Buffer: Add| Cleat |

Adds the current vector field probe to an internal bufferhia tvay multiple probes can be displayed
at once.

298 Chapter 5: Mesh Pack



Scale

|a Scale: II A I1 |

Scales the overall size of the vector field probe.

Length

|a Length: II A I1 |

Adjusts the length of the probe’s arrow part.

5.51 \Vectors

This is a so-calledverlay modulevhich can be attached to any module defining a cutting plage, e
OrthoSliceor ArbitraryCut Inside this plane a 3D vector field can be visualized usinggalar array
of vector arrows.

Connections

Data [required]
The 3D vector field to be visualized.

Module [required]
The module which defines the cutting plane where the arroa/placed.

Colormap [optional]
An optional colormap used for pseudo-coloring.

Ports

Colormap

B romer? W W[ |

Port to select a colormap.

Resolution

|& Resolution: : |5U u IED ‘

Provides two text inputs defining the resolution of the ragalray of vector arrows in the plane’s
local x- and y-direction. The larger these values are theeraoows are displayed.

Scale

|& Scale: II A I'I ‘

Scaling factor used to control the length of the vector ascow

Vectors 299



Options

‘a Options: [ projection [ constant [ amows W paints

This port provides the following toggle buttons.

Projection: If this option is set then 3D vectors are projected into theent plane. Otherwise, the
arrows will indicate the true direction of the vector field.

Constant:If this option is set then all arrows will be of equal lengthth@wise, the length of the
arrows is chosen to be proportional to vector magnitude.

Arrows: If this option is set then true arrows will be displayed. Qttige, only simple line segments
will be drawn.

Points: If this option is set then a little dot will be drawn at the lwott of an arrow. This is useful to
highlight a sampling point at locations where the vector nitagle is so low that the arrow vanishes
completely.

Colorize

a Colorize: IMagnitude vI

An option menu allowing to control how arrows are coloredotder to see an effect a colormap
must be connected to the module. Mfagnitudeis chosen then the vector magnitude is used to
lookup a color from the colormap. NMormal componens chosen then color denotes the signed
length of the vector component perpendicular to the cufplagme. This length is positive if the
vector points upwards or negative if the vector points doaws. Finally, ifParallel componenis
chosen thermrolor denotes the length of the vector component tangential tpldnee. This length
will always be greater or equal than zero.

Phase

|a Phase: lﬁ ||':' |

This port will only be visible if a complex-valued vector fiek connected to the module. It provides
a phase slider controlling which part of the complex 3D vextovisualized by the arrows. A value
of 0 degree corresponds to the real part, while a value of §@eds corresponds to the imaginary
part. The display can be animated with respect to the phatfebyclebutton, this way polarization
properties of the field can be revealed or wave phenomenarteeeisible.

Commands

setLineWidth <value>
Allows to change the line width of the arrows. By default arscare drawn two pixels wide.
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5.52 Vectors (Tetrahedra)

This display module can be attached t&GadVolumeor a GridBoundarymodule as well as to a 3D
vector field defined on a tetrahedral grid. In the latter cdseeators are displayed otherwise the
vector field is displayed on the surface nodes or on all nofi#secselected tetrahedr&idVolumé
resp. triangles@ridBoundary.

The vector representation can be done using siriqpdés or arrows The vector lines/arrows can be
colored using a colormap taking the magnitude of the veetalrin to account.

Connections

Data [required]
The 3D tetrahedral vector field to be visualized.

PortModule [required]
The GridVolumeresp.GridBoundarymaster module.

Colormap [optional]
An optional colormap used for coloring the magnitude of thetars.

Ports

Colormap

B romer? W W[ |

Choose a colormap to control how lines/arrows are colonedrder to see an effect the colormap
must be connected to the module. The vector magnitude iga$eakup a color from the colormap.

Scale

|& Scale: || A | I 1 ‘

Scaling factor used to control the length of the vector llagsws.

Options

‘a Options: [ constant [ amows W points

Constant:If this option is set then all lines/arrows will be of equahégh. Otherwise, the length is
chosen to be proportional to vector magnitude.

Arrows: Choose between simple lines and arrows

Points: If this option is set then a little dot will be drawn at the lmott of an arrow. This is
useful to highlight a point at locations where the vector niagle is so low that the arrow vanishes
completely.
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Show

|& Show:  allvectors © on suface @ in volume

All Vectors: If this radio option is on the vectors from all nodes are digpl.
On SurfaceOnly those vectors are displayed which lie on the surfach®ttlected boundaries.
In Volume:All vectors of all selected tetrahedrons are shown.

Phase

|a Phase: II A I'IBU |

This port will only be visible if a complex-valued vector fiek connected to the module. It provides
a phase slider controlling which part of the complex 3D vexitevisualized by the arrows. A value
of 0 degree corresponds to the real part, while a value of §@eds corresponds to the imaginary
part. The display can be animated with respect to the phatbebyclebutton, this way polarization
properties of the field can be revealed or wave phenomenarteeesible.

Commands

setLineWidth <value>
Allows to change the line width of the arrows. By default arscare drawn two pixels wide.

setPointSize <value>

Allows to change the size of the points at the bottom of thevesr By default points are drawn two
pixels wide.

setLogScale 0|1
Switches logarithmic scaling on or off.

5.53 Vectors/Normals (Surface)

This is a multifunctional display module having the follagiapplications:

- attached to &urfaceViewmodule, it shows the normals on ti&irfacedisplayed by the module.
Only the normals corresponding to selected patches/igarage displayed; the normal binding in the
SurfaceViewmodule (triangle normals, vertex normals or direct norinialsespected.

- attached to a 3D vector field defined osarfaceit visualizes the whole vector field

- connected to botlSurfaceVienmodule showing &urfaceand a 3D vector field definezh the same
Surfaceit displays the vector field only in the selected regionshefs$urface.

The representation can be done using sinliples or arrows In the case of vector fields it can be
chosen between a constant length or a magnitude - depeedetth lof the lines/arrows. The lines are
colored using the colormap.
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Connections

Data [optional]
The 3D vector field to be visualized. If there is no vector fidhe normals on surface are displayed.

Surface [optional]
The SurfaceViewmaster module.

Colormap [optional]
An optional colormap used for coloring the magnitude of thetars.

Ports
Colormap

Broomrf M W[ |

Choose a colormap to control how lines/arrows are colonearder to see an effect the colormap
must be connected to the module. The vector magnitude iga$eakup a color from the colormap.

Scale

|a Scale: II A | I 1 ‘

Scaling factor used to control the length of the vector llagsws.

Options

‘a Options: [ constant [ amows W points

Constant:(Only for vector fields) If this option is set then all linestaws will be of equal length.
Otherwise, the length is chosen to be proportional to veotgnitude.

Arrows: Choose between simple lines and arrows

Points: (Only for vector fields) If this option is set then a little deill be drawn at the bottom of an
arrow. This is useful to highlight a point at locations wh#re vector magnitude is so low that the
arrow vanishes completely.

Commands

setLineWidth <value>
Allows to change the line width of the arrows. By default arsaare drawn two pixels wide.

setPointSize <value>
Allows to change the size of the points at the bottom of thevesr By default points are drawn two
pixels wide.

setArrowSize <value>
Allows to change the size of the arrows.
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Chapter 6

Quantification+ Pack

6.1 Visilog

This module provides access to tfisilog software. The full range of Visilog filters can be accessed
in a way that Visilog users are used to. Input and output irea&ge connected to Visilog as in any
otheramira network.

Connections

Data [required]
Initial input image.

Ports

Execution

‘8 Execution: (v onGo O Immediate

In theon Gomode, a Visilog command is executed after pressing go.
In theimmediatemode, the current Visilog command, if valid, is executed iediiately.

Action

|8 Action: HesulNiew| Dncumentatinn|




Pressing the first button launches the Visilog result viewldre second button brings up the the
Visilog documentation within a PDF viewer installed on tlystem.

Visilog

Processing
[0 Last Commands A
+-C] Matenals analysis
+-C] Analysis
+-] Miscellaneous
=77 Threshalding
I EBinarisation

- v
Threzhalding : Binarization Choices
4 Iobus am " lobus.am
threzhold
,’ {128 255}
& imagel

Go |Lm|Mm|l =

This port is identical to the Visilog user interface, in whithe command is chosen from the com-
mand tree. Click F1 over this port to get context sensitiyp ba Visilog.

Commands

DataType list

Values for DataType :

DATATYPE_TMP

DATATYPE_LUT

DATATYPE ANALY3IZ or DATATYPE ANL
DATATYPE BEGMENT

DATATYPE EML

DATATYPE_GFH

DATATYPE_CHAIN

DATATYPE_ARREAY

DATATYPE_TARMI

getFieldCount

For a Visilog data object, get size of the field FieldName.

getFieldValue <DataName> <Datatype> <FieldName> <Val>

For a Visilog data object, get the first value of the field Hidane.
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Example

Visilog:algo exeCommand {cmd=extrema input=imagel param =none}
set result " :
Visilog:algo getFieldValue Extrema 1 Maximum $result

setFieldValue <DataName> < Datatype> <FieldName> <fVal>

For a Visilog data object, set the first value of the field Riddne.

getFieldArrayValue <DataName> <Datatype> <FieldName> <P 0s>
<fval>

For a Visilog data object, get the value from the index poseffteld FieldName.

setFieldArrayValue <DataName> <Datatype> <FieldName> <P 0s>
<fVal>

For a Visilog data object, set value to the index pos of the fiééldName.

getFieldArrayValue2 <DataName> <Datatype> <FieldName> < Pos1>
<Pos2> <fVal>

For a two-dimensional array, get (pos1, pos2) of the fielidRame of the data DataName.

setDspOutput <DataType> <bDisplay>

Lock or unlock display object after command (bDisplay = 0 pr 1

getFieldStat <DataName> <DataType> <FieldName> <StatNam e>
<fval>

Get statistics from a data field
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Field Description
ity i
tax fHaxifiim

meat meat

stddes standard deviation
sum sum
Q35 value at 5 % (percentage in mamber)
Q10 value at 10 % (percentage in number)
Q25 value at 25 % (percentage in number)
Qa0 value at 50 % (percentage in number)
Q75 value at 75 % (percentage in number)
Qo0 value at 70 % (percentage in number)
Q95 value at 95 % (percentage in number)
T5 value at 5 % (percentage in measure)
T10 value at 10 % (percentage in measure)
T25 value at 25 % (percentage in measure)
Ti0 value at 50 % (percentage in measure)
T75 value at 75 % (percentage in measure)
T90 value at 90 % (percentage in measure)
T95 value at 95 % (percentage in measure)

createObject <DataName> <datatype> <param>

Create a Visilog data object (array, polynome, analy2e, ...

removeObject <DataName> <Datatype>

Remove a Visilog data object (array, polynome, analy2e, ...

addField <DataName>, <DataType> <FieldName> <Size>

Add a field to a Visilog object.

getinfolmage <ImageName> <Field> <Value>

Returns a field of an image.

308

Chapter 6: Quantification+ Pack



Field

Description

OX

X origin

oy

Y origin

[ors

Z origin

ot

Time origin ( for sequence )

oc

Color origin ( color channel }

gx X image size, Pixels per row
gy Y image size, Rows per plane
gz Z image size, Number of planes Z
gt Time image size
gc Color image size
ocode Number of bytes per pixel when in buffer
glype The image type
geode Arithmetic type
ghits Number of bits per pixels
other header fiels Calibration , .....

printText <text>

Print text in a notepad of ResultViewer

setCommand <command>

Initialize the Visilog Mmodule with a command (you must dse to execute it)

exeCommand <command>

Execute a Visilog command.

Example:

Visilog exeCommand "cmd=threshold input=grey ima param=
Visilog exeCommand "cmd=I_analyze input=grey_ima param=

setPlaneMode <z loop> <color loop> <sequence loop>

Lock or unlock a loop process (0 for lock and 1 for unlock)

setCurPlane <z plane> <color plane> <sequence plane>

Set a specific plane for a locked loop process.

closeDiskimage <disk image name>

Visilog

{0,100} output=bin_ima"
outanl=label_ima"
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Close a disk image (but don’t delete the file).

Example:

Visilog closeDiskimage input=c:\\tmp\\imagel_bin.im6

exelp <Ip function and parameters>

Execute a Visilog Ip function.

Example:

Visilog exelp "ip=IpCreatelmage input=grey _ima output=i ma2 param=4"  # UCH;/
Visilog exelp "ip=IpCopy input=grey_ima output=ima2"

6.2 VisilogAnalyse

This module represents the analysis function of Visilog.

The dragger can be moved either by selecting one of its haadié moving it to the target position or
by clicking on the target position with the middle mouse bnttlf the user selects a field in the result
viewer, the dragger is set to the corresponding position.

Connections

Data [required]
Field to be analyzed.

Ports

Dragger

‘gnagga—_f:On O Off

Show or hide the dragger.
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6.3 VisilogThreshold

This tool allows thresholds to be selected interactiveliie Turrent selection is displayed in an or-
thoslice representation. This tool is used by Yhglog |- thresholdcommand. When the tool is not
called from Visilog, it can create a label field itself.

Press thé\pplybutton to create the binary image. A new field is created thatfor each value within
the threshold interval and O for all other field values. Tragainput port not visible when the tool is
called from Visilog.

Connections

Data [required]
Image data the thresholds are applied to.

Ports

Orientation

|& Orientation: + fdal ¢ Coronal ¢ Sagital

This port provides three buttons for resetting the slicerdgtion.Axial slices are perpendicular to
the z-axiscoronalslices are perpendicular to the y-axis, aagjittalslices are perpendicular to the
X-axis.

Data Window

|a Data Window: min |I} max |255 ‘

It allows you to restrict the range of visible data valuesluga below the lower bound are mapped
to black, values above the upper bound are mapped to white.

Slice Number

‘3 Slice Number: || A 33 |

It allows you to restrict the range of visible data valueslu€a below the lower bound are mapped
to black, values above the upper bound are mapped to white.

Render

‘a Render: & tranzparent  opague

Labeled voxels can be rendered either in a transparent quepstyle.
Minimum-threshold

|& Minimum- threshold: [~ »|[s5 |
Specifies the lower value of the threshold interval.
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Maximum-threshold
‘3 Maximum- threshold: | A w155 |
Specifies the upper value of the threshold interval.
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Chapter 7

Amira

Portbase class of all ports This is the base class of all poamira.

Ports are used to interact with amira object. There are several different types of ports, e.dipop
menus, sliders, or toggle buttons. If an object is seledsepidrts are displayed in the lower part of the
amira main window, the so-called Properties Area. An object mayosie not to display all ports at
all times, depending on the internal state of the object.tMogs have a pin, allowing to keep the port
visible even if the the object the port belongs to is deset&ct

Connectiongre special ports, allowing to specify dependencies betwbgcts. In contrast to other
ports connections usually don’t have their own user interféut they are represented by correspond-
ing lines in the Pool.

Every port provides its own Tcl command interface. Thisvafiscript programmers to interact with
the port in an automated way. In addition to the commandseletiry a port itself also all commands
of the port’s base class are available (this is the same aanige modules and data classes). Port
commands are called using the following syntax:

<modulename> <porthname> <commandname> [optional paramet ers]

In order to get a list of all ports of an object you can use them@and<modulename> allPorts

In most cases, but not in all cases, the name of a port used @oirenands is equal to the port’s label
as displayed in the graphical user interface, with the orgeption that the name usually starts with a
lower case letter and that white spaces are omitted.

Commands

help
Displays all commands available for the port. The same resul be obtained by just calling the



port without any command.

isNew
Returnsl if the port was changed after the object was fired the last,ttmé O otherwise.

getState

Returns a string which later on can be used to restore the efaa port using the command
setState . The format of the state string is not specified and it may [ffereint for each port.
Usually the state string contains the same information vii@lso stored immira network files,
but not for example label strings which might have been medifising the script interface as well.

setState <state-string>
Restores the state of a port from a string previously obthirsgng thegetState command.

getLabel
Returns the label of the port displayed in graphical userfate, for exampl®ptions:

setLabel <label>
Sets the label of the port.

getLabelWidth
Returns the width of the port’s label in pixels.

setLabelWidth <width>
Sets the width of the port’s label in pixels, see adign

align <port2> <port3> ...
Align this and all other ports specified as arguments so thisttrels have the same width.

getPin
Check if the port has been pinned or not.

setPin <value>
Set or unset the port’s pin button. If the port is pinned itl\w# displayed in the Properties Area
even if the owner of the port is deselected.

touch
Touch the port to simulate a change of value.

untouch
Untouch the port so thagNew will return O the next time even if the port was changed.

object
Returns the name of the object the port belongs to.

send
Fires the object the port belongs to as well as all downstr&ajects.
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show
Shows the port, provided the owning object is selected.

hide

Hides the object, provided the owning object is selected.
isVisible

Returns 1 if the port is shown, or O if it is hidden.
reposition <index>

Changes the position of the port within the object’s pottdisd in the graphical user interface. Note
that connection ports are counted too even if they may nat hay controls.

isOfType <typeid>
Checks if this port if of the specified type or derived from it.

getTypeld
Returns the port’s type name.

Port3DPointListtext fields and dragger for entry of 3D pseinthis port lets you enter an arbitrary
number of 3D points. The points can be specified either byntypi their coordinates in appropriate
text fields or by activating a dragger in the 3D viewer. In orttemove the dragger you have to
put the viewer into interaction mode (press t8C key). Then move the mouse over one of the
dragger’s crosshairs and push the left mouse button. Thoe obthe picked crosshair changes and a
gray transparent plane is shown. The moving area of the draggestricted to this plane. The new
coordinates are delivered to the application when you sel#i@e mouse button, or,ifimediate mode
is on, while you are moving. If therthogonal modés on, all other points are moved in sync. You can
only move one point, the current point, at a time. Ty#B in the viewer window to cycle through
all points if you want to change the current point. You camw &l the up or down arrows of the port’s
point index spin box. These arrows are shown only if the p@hages a list of at least 3 3D points.
The current point is shown as a red sphere, all other pointslesvish spheres.

Note: You can pick a location with the middle mouse button gickable object in the scene, e.g., an
OrthoSlice to set the current point to that location.

|& Points: |1 j‘ HID yIU z|'1 optiohs ”

This port is used for example by tlaata probingnodules.

Commands
Inherits all commands dPort

getNumPoints
Returns the current number of points defined by this port.
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getValue [<index>]
Returns the coordinates of pokindex> or of the current point, if no argument was specified.

setValue [<index>] <x> <y> <z>
Sets the coordinates of poigindex> or of the current point, if no argument was specified. The
coordinates are automatically clipped against the bowgnldax of the dragger.

getBoundingBox
Returns the bounding box of the dragger. The command regixnsumber, namely the xmin,
xmax, ymin, ymax, zmin, and zmax coordinates of the bountimgin that order.

setBoundingBox <xmin> <xmax> <ymin> <ymax> <zmin> <zmax>
Sets the bounding box of the dragger. Most modules adjusbdiieding box if the module is
connected to a new input data object.

getFormat
Returns the format used for the coordinate text fields.

setFormat <format>
Sets the format used for the coordinate text fields in priyntax. The default i86g

getimmediate
Checks whether immediate mode is enabled or not.

setimmediate  {O|1 }

Enables or disables immediate mode. If imnmediate mode isleddéhe module the port belongs to
is fired permanently while the dragger is moved. Otherwisentiodule is fired only once after the
dragger was moved.

getOrtho
Checks whether orthogonal mode enabled or not.

setOrtho  {0J1 }

Enables or disables orthogonal mode. In orthogonal modeoatits of the port are moved at the
same time when the dragger is moved. Otherwise only the mypent is moved.

showDragger
Shows the dragger at the current point.

hideDragger
Hides the dragger.

showPoints
Shows the points. The points are represented by little redrgs.

hidePoints
Hides the points.
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getPointSize
Returns the current point size (radius) in absolute coatéim

setPointSize <radius>
Sets the point size (radius). The point size is automayiealjusted if the dragger’s bounding box
changes.

getPointScale
Returns the current point size scale factor.

setPointScale <factor>
Sets the point size scale factor. By default the scale fastbr If you find that the default size of
the points is too small or too big you can adjust this factor.

appendPoint [<x> <y> <z>]

Appends a new point to the port’'s point list. If no coordirsatge specified a point with some
default coordinates will be appended. If the number of moéxiceeds some limit (which cannot be
modified via the script interface) nothing happens and -ktsrned. Otherwise the index of the
appended point is returned.

insertPoint <index> [<x> <y> <z>]

Inserts a new point at positiondex in the port’s point list. If no coordinates are specified a
point with some default coordinates will be inserted. If thember of points exceeds some limit
(which cannot be modified via the script interface) nothiagens and -1 is returned. Otherwise
<index> is returned.

removePoint <index>
Removes poinkindex> unless a minimal number of points (which cannot be modifiedthie
script interface) is reached. If the point couldn’t be rem@ is returned. Othwerwise 1 is returned.

PortButtonListmultiple pushbuttons This port providesabitrary number of push buttons. The
buttons are implicitly numbered 0, 1, 2, ... from left to righiVvhen a button is pushed the port’'s new
flag is set. The index of the pushed button can be obtained tisncommandetValue . After the
module was fired the port's new flag is unset again getalue returns -1. This means that the
port does not store a permanent state. A push button is fnélguesed to trigger some action.

‘a ButtonList Eutton Dl Buttan 1 | Buttan 2 ”

Modules using this port are for exampB¥id\Volumeor ObliqueSlice

Commands

Inherits all commands dPort

getValue
Returns the index of the pushed button. If no button was pressice the module was fired the
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last time -1 is returned. The method does not interpret the soggle. In order to handle snapped
buttons better use the commandsHit (see below).

setValue <index>
Marks buttonindex as being pushed.

wasShiftDown
Checks if the shift key was down the last time a button wassaes

wasCtrIDown
Checks if the control key was down the last time a button wasged.

wasAltDown
Checks if the alt key was down the last time a button was pdesse

setShiftDown {01 }
Sets the shift key modifier flag.

setCtrlDown  {O|1 }
Sets the control key modifier flag.

setAltDown  {0|1 }
Sets the alt key modifier flag.

getSensitivity [<index>]
Checks whether the first button or buttiolex is enabled or disabled.

setSensitivity [<index>] {0]1 }
Enables or disables the first button or butindex . If a button is disabled it is grayed out and
cannot be pushed anymore.

getLabel [<index>]
Returns the label of buttoindex or the port’s label.

setLabel [<index>] <label>
Sets the label of buttoimdex of the port’s label.

setCmd [<index>] <command>

Sets a Tcl command which is executed when the specified bistforessed. This feature is espe-
cially useful in script objects since it avoids writing lofigl code with many if statements. If a
command has been set for a button the owning module will ndiréé and the port will not be
touched when the button is pressed. The command will be &@@u the global Tcl namespace.
The variablehis refers to the owning module.

getCmd [<index>]
Returns the Tcl command associated with the specified battan empty string if no Tcl command
has been set.
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getNumButtons
Returns the number of buttons of the port.

setNumButtons <number>
Sets the number of buttons of the port. New buttons are aeeth an empty label.

enableSnapToggle [<index>] {01 }
Enable or disable the snap toggle for the first button or fétooundex .

snap [<index>] {0]1 }
Snap or unsnap a button. The button’s snap toggle must béeehab

isSnapped [<index>]
Check whether the specified button is snapped or not.

wasHit [<index>]
Returns 1 if the specified button was hit or if its snap toggléawn.

PortButtonMenumultiple pushbuttons and option menus Pbis combines an arbitrary number of
push buttons with one or more option menus containing artrarpinumber of options. The port is
derived fromPortButtonLisiand hence inherits its behavior.

‘a ButtonMenu: ButtonDl Buttani ” MenuEntryl "I ‘

This port is used for example by the modukgsldCutor DisplaylSL

Commands
Inherits all commands dPortButtonList

setNumOptEntries [<menu>] <number>
Sets the number of entries in the option menu.

getNumOptEntries [<menu>]
Returns the number of entries in the option menu.

setOptValue [<menu>] <index>
Selects itenxindex> in the option menu.

setOptValueString [<menu>] <label>

Selects the item with the specified label string in m&muenu> or in the first option menu, if
only one argument is given. If no item with such a label existghing happens and 0 is returned.
Othwerwise 1 is returned.

getOptValue [<menu>]
Returns the index of the selected item in the option menu.
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setOptLabel [<menu>] <index> <label>
Sets the label of the option menu item specifieckndex> .

getOptLabel [<menu>] <index>
Returns the label of the option menu item specifieckimdex> .

setOptSensitivity [<menu>] <index> {0]1 }
Enables or disables a particular item in the option menu.

getOptSensitivity [<menu>] <index>
Check whether a particular item in the option menu is enabietbt.

PortChannelConfigdata range and color port for multi-cleafields

This is a special port used exclusively ylti-channel fieldsThere is one such port for each channel
of a multi-channel field. Derived fromonnectionthis port manages the link to the actual channel
object. In addition, it provides two text fields allowing theer to define a data range used for mapping
the channel data to gray values. The channel’s color canthessey a color button. Clicking on this
button pops up thamira color dialog. This port is not available for script objects.

|&Chﬂ"l’ﬁ:| 1z min |I} max |255 color ﬂ ‘

Commands
Inherits all commands afonnection

getMinValue
Returns the lower value of the channel’s data window.

setMinValue <value>
Sets the lower value of the channel’s data window.

getMaxValue
Returns the upper value of the channel’s data window.

setMaxValue <value>
Sets the upper value of the channel’'s data window.

getColor
Returns the channel’s color as an RGB tuple of floating pahies.

setColor <color>

Sets the channel’s color. The color can be specified eithartaple of three RGB integer values
in the range 0...255, or as a tuple of three RGB floating pahies in the range 0...1, or as a text
string (e.g.blue orred).
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PortColorListbuttons for specifying solid colors This pprovides one or more color buttons which
can be used to define a constant color. Colors can be eadiédadiing theamira color dialog which
is popped up when one of the color buttons is pushed.

|a Colors: ﬂ color 1 ﬂ color 2 ﬂ color 3 J color 4 |

This port is used for example by ti#eis module.

Commands
Inherits all commands dPort

setColor <index> <color>

Sets the color of buttosiindex> . The color can be specified either as a tuple of three RGBénteg
values in the range 0...255, or as a tuple of three RGB floatimgt values in the range 0...1, or as
a text string (e.gbhlue orred).

getColor <index>
Returns the color of button index as an RGB tuple of threeifiggioint numbers in the range 0...1.

setAlpha <index> <alpha>
Sets the alpha value of buttaindex> .

getAlpha <index>
Returns the alpha value of butteindex> .

setLabel [<index>] <label>
Sets the label of buttoimdex of the port’s label, if only one argument is specified.

getLabel [<index>]
Returns the label of buttondex or the port’s label, if no argument is specified.

setNumButtons <number>
Sets the number of color buttons of the port.

getNumButtons
Returns the number of color buttons of the port.

setContinuousMode  {0|1 }

Enables or disables continuous mode. If continuous modetigated the owning module is fired
permanently when changing a color using the color dialog.

getContinuousMode
Checks whether continous mode is enabled or not.

PortColormapinterface to a colormap object
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This port provides a connection tocalormapobject. In contrast to a standacdnnectiorport, this
port has a user interface, i.e., it is represented in thed?tieg Area like any other port if the owning
object is selected. In particular, the contents of the cotatkcolormap as well as its range are shown.
New colormaps can be quickly connected to the port via a @menu which pops up when pressing
the right mouse button over the colormap area of the port.

The context menu also allows you to switch between globallacal range mode. In global range

mode the coordinates used to map data values to colors & ftakn the colormap itself. If the same

colormap is used by two different modules and if the range ibenodified, both modules are updated.
In contrast, in local range mode the coordinates are defipdaebport itself. Thus, although the same
colormap might be used by two different modules, the rantiésan be different.

If no colormap is connected to the port, still a default c@od a default alpha value can be defined.
The default colors can be modified via thenira color dialog which is popped up by double-clicking
on the colormap area with the left mouse button. If a colorisaponnected a left mouse button
double-click makes the icon of the colormap visible in thelPo

rinimum Yalue flaximum Yalue

& Colormap:

See also:Colormap ColormapEditor

Commands
Inherits all commands ofonnection
setDefaultColor <red> <green> <blue>

Sets the default color of the port. An RGB tuple of three flogifpoint values between 0...1 must
be specified.

getDefaultColor
Returns the default color of the port.

setDefaultAlpha <alpha>
Sets the default alpha (opacity) value of the port.

getDefaultAlpha
Returns the default alpha (opacity) value of the port.

enableAlpha  {0[1 }
Enables or disables the display of the alpha channel in thsspolormap area. Even if the alpha
channel is not displayed by the port it is up to the owning nmletluinterpret alpha values or not.

isAlphaEnabled
Checks is alpha values are displayed by the port or not.
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setLocalRange  {O|1 }
Enables or disable the local range feature (see discriptione).

getLocalRange
Checks is the local range feature is enabled or not.

setLocalMinMax <min> <max>

Sets the coordinate range used for mapping data valuesdososhen the local range feature is
enabled. The port is touched but the network is not fired.

getLocalMinValue
Returns the lower bound of the local range.

setLocalMinValue <min>
Sets the lower bound of the local range.

getLocalMaxValue
Returns the upper bound of the local range.

setLocalMaxValue <max>
Sets the upper bound of the local range.

setMinMax <min> <max>

Sets the coordinate range used for mapping data valuesdoscdl local range is enabled or if no
colormap is connected the local range is updated. Othethisenge of the connected colormap is
updated. In both cases the network is fired, i.e., the moduferg this port or modules connected
to the modified colormap are updated.

PortDoltApply button or Dolt button This port is essentyaitlentical to PortButtonList The only
difference is that this port always comes up with a singlédsuinitially and that this button has a snap
toggle by default.

or

& Action: Doltl

This port is mainly used by compute modules, for exandpiéhmeticor CastField

Note: Sinceamira 4.0, theHxPortDolt  port is not by default visible in the control panel of its
associated module. Rather, the fact that a module h&sRortDolt  activates (makes green) the
Apply button at the bottom of the Properties Area. Checkingatl®-refreshtoggle is equivalent to
shapping down the redolt port snap toggle. To request display of elt port in the module control
panel, check th&how "Dolt” buttonsbox in theLayouttab of theEdit/Preferenceslialog.
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Commands
Inherits all commands dPortButtonList

PortDrawStyledrawstyle option menu and popup menu

This is a special port for adjusting the drawstyle of disptegdules derived fronviewBase The port
provides a combo box (option menu) offering the followingwstyles:

e outlined

e shaded

e lines
points

e transparent

In addition, the port allows you to set additional optiona @ popup menu which is activated by
pressing thenore optiondutton. For a detailed description of these options pleafs to the docu-
mentation ofViewBase This port is not available for script objects.

|& Draw Style: I outlined 'I more Dptinnsl

Commands
Inherits all commands aPort

getValue
Returns the index of the current draw style.

setValue <index>

Sets the current draw style. The draw styles are indexederséime order as they appear in the
combo box, i.e., 0=outlined, 1=shaded, 2=lines, 3=po#wt,ansparent.

isTexture
Checks if 1D textures for pseudo-coloring are enabled (a®®ed to Gouraud shading).

setTexture {0]1 }
Enables or disables 1D textures for pseudo-coloring.

getNormalBinding
Returns an index describing the current normal binding mode

setNormalBinding {0]1]12 }

Sets the normal binding. The indices have the following nregnO=triangle normals, 1=vertex
normals, 2=direct normals (computed using a crease anitgeian, compare/iewBasg.
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PortFilenamefilename input field and file browser button Ploi is used to define a file name. The
file name may be either manually typed in the text field, or ityrba selected using themira file
browser. The file browser can operate in three modes, onwiaido select any file, one allowing
to select one existing file only, and one allowing to selecltiple existing files. However, if the file
name is typed in manually no check is performed to ensurdliedile really exists. Typically the first
mode is used for saving while the second and third modes arkfasloading. Associated with every
filename is a filetype.

‘& Filename I.I’AmiraEDDDa’dataa’lnbus.grid.am . ||

This port is used for example by tHetraGermodule.

Commands
Inherits all commands dPort

getFilename
Returns the filename or a list of filenames.

getFileType
Returns the filetype or a list of filetypes.

setFilename <filename> <filetype>
Sets the filename.

setFilenames [list <filenamel> <filename2> ...] [list
<filetypel> <filetype2> ...]
Sets a list of filenames imulti file mode.

getValue
Returns the filename (sameg@etFilename ) or a list of filenames.

setValue <filename> <filetype>
Sets the filename (same satFilename  or setFilenames  in multi file mode).

getMode
Returns 0 if the file browser operatesaisy filemode, 1 if it operates iexisting filemode, or 2 if it
operates irmulti file mode (see description above).

setMode {0|1]2 }
Sets the mode of the file browser (0 famy file 1 for existing file 2 for multi file (see description
above).

registerFileType [<formatname>] [<extension>]

If the file browser is opened iany filemode, it shows a combo box allowing the user to specify an
optional format to be used to save a data set. This commamasajlou to register format names
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and optional file extensions which are added to the file typelewbox. Calling this command
without any arguments removes all previously registeredyipes.

exec
Pops up the file browser. The file browser is opened in modakmasl, the command blocks until
the user closed the dialog again. There is no way to close@mfdp browser using a Tcl command.
The method returns 0 if the browser was closed using the thatten and the port’s filename field
was not updated. Otherwise it returns 1.

PortFloatSliderslider for specification of floating poiatiwes This port provides a slider allowing the
user to specify a floating point number. The floating point bams limited to the current range of the
slider. The range can be changed either using the Tcl comsetMinMax or interactively using a
configure dialog, which can be popped up by pressing the nighise button over the slider.

Optionally the slider may have arrow buttons allowing therus decrease or increase the value by
some predefined increment. The slider may also have sadallerange buttons allowing the user to
restrict the actual range of the slider to a smaller subrahgéhis way it is possible to interactively
adjust the slider’s value with high precision. In order torrarically adjust the lower (left) subrange
value, the command <value> can be typed in the slider’s text field. In order to numericatijust
the upper (right) subrange value, the commBnevalue> can be typed in the slider’s text field.

|8 Foat [15 [ |

This portis used for example to specify the threshold ofifwsurfacenodule.

Commands
Inherits all commands dPort

getValue
Returns the float value.

setValue <float>
Sets the float value.

getMinValue
Returns the lower bound.

getMaxValue
Returns the upper bound.

setMinMax <min> <max>
Sets the lower and upper bounds of the slider.

setFormat <format>
Sets the format used for the slider’s text field in printf syatTypically, the default format i%g
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getFormat
Returns the printf format used for the slider’s text field.

setlncrement <increment>

Sets the increment. The increment is used for adjustinglitier value using the optional arrows
buttons. It is also used to constrain the slider value inrdiecmode (see below).

getincrement
Returns the slider’s increment.

setButtons  {0|1 }
Enables or disables the display of the optional arrow bsgtton

hasButtons
Checks whether the optional arrow buttons are enabled or not

setSliderwidth <width>
Sets the width of the slider in pixels.

getSliderwidth
Returns the width of the slider in pixels.

setNumColumns <columns>
Sets the width of the slider’s text field in characters.

getNumColumns
Returns the width of the slider’s text field in characters.

setTracking {0]1 }
Enables or disables tracking mode. If tracking mode is esthlihe network is fired permanently
while the user is moving the slider. Otherwise it is fired oohce when the slider is released.

getTracking
Checks whether tracking mode is enabled or not.

setDiscrete {0]1 }
Enables or disables discrete mode. If discrete mode is edatble slider value will always be equal
to the lower bound plus an integer multiple of the currenténeent.

getDiscrete
Checks whether discrete mode is enabled or not.

setSubRangeButtons {011 }
Enables or disables the subrange buttons (see descrijpiwe

hasSubRangeButtons
Checks whether the subrange buttons are enabled or not.
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PortFloatTextNtext fields for entering floating point vadué his port represents a variable number
of bounded float values which can be edited interactivelye @btual number of float fields can be

changed at run-time. Each float field has a label, a printedtyrmat string, and a lower and upper

bound used to constrain the value of the text field. minimuch@maximimum values, as well as the

sensitivity of each field.

In order to quickly change the value of a float fieldvigtual slider is provided. The virtual slider is
activated by clicking into a text field with the shift key haldwn, and then moving the mouse up or
down.

|& FloatT extM: textFieldd I':' textField] ID ‘

This port is used for example by tigesamplenodule.

Commands
Inherits all commands dPort

getValue [<index>]
Returns the value of the text fiekdndex> or of the first text field, if no argument is specified.

getMinValue [<index>]
Returns the lower bound of the text fiekdndex> or of the first text field, if no argument is
specified.

getMaxValue [<index>]
Returns the upper bound of the text fietthdex> or of the first text field, if no argument is
specified.

setValue [<index>] <value>
Sets the value of the text fiekindex> or of the first text field.

setMinMax [<index>] <min> <max>
Sets the lower and upper bound of the text fielddex> or of the first text field.

setValues <valuel> <value2> ... <valueN>
Sets the values of all text fields. The number of argumentsd match the number of text fields.

setMinMaxAll <minl> <max1> ... <minN> <maxN>

Sets the lower and upper bounds of all text fields. The numfmgoiments must be equal to twice
the number of text fields.

getFormat [<index>]
Returns the printf format string of the specified text field.

setFormat [<index>] <format>
Sets the printf format string of the specified text field.
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getSensitivity [<index>]
Checks if the specified text field is enabled or not. Insearesiiéxt fields are grayed out and they
accept do not accept user input.

setSensitivity [<index>] {01 }
Enables or disables the specified text field.

getLabel [<index>]
Returns the label of text fielsthdex or the port’s label.

setLabel [<index>] <label>
Sets the label of text fielthdex of the port’s label.

setPart <index> {O|1 }
Shows or hides the specified text field. A hidden text field isdigplayed at all (in contrast to an
insensitive one), but still exists and stores a value.

getNum
Returns the current number of text fields.

setNum <value>
Sets the current number of text fields.

PortGenericconfigurable generic port This is a generic wbith can be dynamically configured in
various way. Several different predefined user-interfacemonents can be used:

o text fields for integer values

o text fields for floating point values
e check boxes

e groups of radio buttons

e combo boxes (option menus)

e push buttons

e labels

Interface components inserted into this port are identifigdg a unique 1D, which must be specified
when creating the component. This ID is used in all commamdst or get the value of the particular
component.

The design goal of this class was primarily ease-of-use.sTletibility is somewhat limited. If you
want to create a port with custom GUI components, you shasgieveloper Pack and derive a new
class fromPortusing Qt widgets.

This port is used for example by tHeansformEditor
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Commands
Inherits all commands dPort

getValue <id>

Returns the value of the specified component. For combo tam@sadio groups the index of the
selected item is returned.

setValue <id> <value>

Sets the value of the specified component. If the specifiedpoaent is a combo box or a radio
group and if value is not a number, then the value is integgres a label and the combo box item
or the radio button with that label is selected.

getColor <id>
Returns the color of a color button inserted via the commasdrtColorButton . If the
componenkid> is not a color button, the result is undefined.

setColor <id> <color>
Sets the color of a color button with the specified id. If thenppnenkid> is not a color button,
the command returns immediately.

isltemNew <id>
Checks if the specified component was modified since the @ymiodule was fired the last time.

deleteltem <id>
Deletes the specified item.

insertIntText <id> [<columns> [<index>]]

Inserts an integer text field. In order to set the text field.tp,27, usesetValue <id> 27 . In
order to query the value of the text field, ugetValue <id> . <columns> specifies the width
of the text field. <index> specifies the position where the text field should be insertethis
argument is omitted, the text field is appended after allrotlEments.

insertFloatText <id> [<format> [<columns> [<index>]]]

Inserts a floating point text field. In order to set the text dfido e.g., 5.5, use
setValue <id> 5.5 . In order to query the value of the text field, ugetValue <id>
<format> specifies the printf format of the text field. Usuallygis a good choice<columns>
specifies the width of the text fiel&index> specifies the position where the text field should be
inserted. If this argument is omitted, the text field is apjehafter all other elements.

insertCheckBox <id> [<label> [<index>]]

Inserts a check box with a label. In order to set the check lsesetValue <id> {0|1} .In
order to query the value of the check box getValue <id> . <index> specifies the position
where the check box should be inserted. If this argument itedn the text field is appended after
all other elements.
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insertRadioGroup <id> <num> <labell> ... <labelN> [<index >]

Inserts a group of n radio buttons. The button labels areifgpedy <labell> to <labelN>

The number of labels must match the number of radio buttonsorder to set, for example, the
second radio button (and unset all others),set®alue <id> 1 . Inorderto query which radio
button is checked, usgetValue <id> . <index> specifies the position where the radio group
should be inserted. If this argument is omitted, the radoupris appended after all other elements.

insertComboBox <id> <num> <labell> ... <labelN> [<index>]

Inserts a combo box with n items. The item’s labels are sgechy<labell> to <labelN>

The number of labels must match the number of radio buttonsorder to select, for example,
the second item (and unset all others), se®/alue <id> 1 . In order to query which item is
selected, usgetValue <id> . <index> specifies the position where the combo box should be
inserted. If this argument is omitted, the combo box is agpdrafter all other elements.

insertPushButton <id> <label> [<index>]

Inserts a simple push buttorlabel> specifies the label of the button. In order to simulate a
button press event, usetValue <id> 1 . In order to check if the button was pressed, use
the commandsltemNew <id> . <index> specifies the position where the button should be
inserted. If this argument is omitted, the button is appdrafter all other elements.

insertColorButton <id> [<index>]

Inserts a color button. The button can be used to specify aB &or. Pushing the button opens
the color dialog, In order to set the color, use the comnmset€olor <id> <color> . In
order to query the color, use the commagetColor <id> . <index> specifies the position
where the button should be inserted. If this argument isteadhithe button is appended after all
other elements.

insertLabel <id> <label> [<index>]
Inserts a label<index> specifies the position where the label should be insertadisfargument
is omitted, the label is appended after all other elements.

setSensitivity <id> {011 }
Sets the sensitivity of an element. If an element is inseesiit is grayed out and accepts no user
input. By default, all new elements are sensitive.

getSensitivity <id>
Returns the sensitivity of an element.

Portinfodisplays a line of text This port displays a simphegte line informational message. It does
not allow any user interaction, and thus never causes thengvatbject and the network to be fired.

‘a Info: some information message

This port is used for example by theterpolatenodule.
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Commands
Inherits all commands dPort

getValue
Returns the text displayed by the port.

setValue <text>
Sets the text displayed by the port.

printf <fmt> <argl> <arg2> ...

Sets the text displayed by the port using a C-style printf mamd. <fmt> is a message string
which may contairtesformat specification fields. These fields are substitutechbyarguments.
Note that onlybesstring type fields must be used, but no numerical format filkés¥odor %g

PortIntSliderslider for entering integer values Slidertpepresenting an integer value. This class
is derived fromPortFloatSlideand it provides exactly the same features and commands. fliie o
exception is that the values returned dtValue , getMinValue , andgetMaxValue will be
rounded to the nearest integer value. In addition, the didtamat string used by the slider’s text field
is %.0f which is suitable for integer values.

|§ Intvaistider [ | »[o |

Modules using this port are for examplethoSliceor Veectors

Commands
Inherits all commands dPortFloatSlider

PortintTextNtext fields for entering integer values Thistgoovides an arbitrary number of text fields
for entering integer values. The port is derived frBartintTextNand it provides exactly the same fea-
tures and commands. The only exception is that the valuesiesd bygetValue , getMinValue
andgetMaxValue will be rounded to the nearest integer value. In additioadafault format string
used for the text fields i%.0f which is suitable for integer values.

‘& IntTextN: testFieid0 |0 texiField1 |0 ‘

This port is used for example by tigesamplenodule.

Commands
Inherits all commands dPortFloatTextN

PortMultiChannelcolored toggle buttons for multi-chahiredds
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This port is commonly used by modules operatingmoalti-channel fields The port provides a set
of colored toggle buttons, one for each channel of the nohiéinnel field. Using these toggle buttons
individual channels of the multi-channel field can be quicklvitch on or off. The color of a toggle
button represents the color of the channel it is represgntin

|& Channels: ® 1 ¥ 2

This port is used for example by ti&ojectionViewmodule.

Commands
Inherits all commands dPort

getValue <index>
Checks whether channeindex> is switched on or off.

setValue <index> {O|1 }
Switchs channetindex> on or off.

getNum
Returns the number of channels controlled by this port.

PortMultiMenulist of drop-down menus This port providesar more combo boxes with a variable
number of items each. At any time exactly one item is seleictedch combo box.

‘& MultiHenuIMenuDltemD j IMenu'I Iternid j |

Modules using this port are for examgeirfaceViewor GridBoundary

Commands
Inherits all commands dPort

getValue [<menuindex>]
Returns the index of the item currently being selected irsfieified menu or in the first menu, if
no argumentis given.

setValue [<menuindex>] <itemindex>
Selects itenxitemindex> in the specified menu or in the first menu, if only one argument i
given.

setValueString [<menuindex>] <label>

Selects the item with the specified label string in m&mwenuindex> or in the first menu, if
only one argument is given. If no item with such a label existghing happens and 0 is returned.
Othwerwise 1 is returned.
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setNum [<menuindex>] <numitems>

Sets the number of items in merunenuindex> or in the first menu, if only one argument is
given.

getNum [<menuindex>]

Returns the number of items in mesmenuindex> or in the first menu, if only one argument is
given.

setLabel [<menuindex>] [<itemindex>] <newlabel>

If only one argument is given, this command sets the portsllalf two arguments are given, this
command sets the label of itepitemindex>  in the first menu. If three arguments are given, this
command set the label of itegitemindex>  in menu<menuindex> .

getLabel [<menuindex>] [<itemindex>]

If no argument is given, this command returns the port’s llabEone argument is given, this
command returns the label of iteqitemindex> in the first menu. If two arguments are given,
this command returns the label of itefitemindex>  in menu<menuindex> .

setMenuSensitivity [<menuindex>] {01 }
Enables or disables merimenuindex> or the first menu, ikmenuindex> is missing. If a
menu is disabled it is grayed out and it does not accept amyinset.

getMenuSensitivity [<menuindex>]
Checks whether the specified menu is enabled or not.

setSensitivity [<menuindex>] <itemindex> {0]1 }
Enables or disables itermitemindex> in menu <menuindex> or in the first menu, if
<menuindex> is missing. If an item is disabled it is no longer listed in thenu.

getSensitivity [<menuindex>] <itemindex>
Checks whether the specified item in memmaenuindex> is enabled or not.

PortRadioBoxbuttons for selecting one item from many cb®icThis port provides multiple toggle
buttons with a radio behavior, i.e., only one button can bieck@d on at atime. Thus the port facilitates
a one-of-many choice. For a larger number of possible ckaiseially a combo box as provided by
PortMultiMenuis more suitable.

|& RadioBox ©* Radioltemd ¢ Radioltern] © Radioltern ‘

Modules using this port are for examplthoSliceor SplineProbe

Commands
Inherits all commands dPort

getValue
Returns the index of the button currently being selected.
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setValue <index>
Selects buttorindex> and deselects the previously selected button.

setLabel [<index>] <label>
If only one argument is given, this command sets the porisllalf two arguments are given, this
command sets the label of radio buttoindex> .

getLabel [<index>]
If no arguments are given, this command returns the poibsllalf one argument is given, this
command returns the label of radio buttdindex> .

setSensitivity <index> {01 }
Enables or disables radio butteindex> . A disabled button is grayed out and cannot be selected
interactively.

getSensitivity <index>
Checks whether radio buttefindex> is enabled or not.

getNum
Returns the total number of radio buttons of the port.

PortSeparatorhorizontal line for visual separation otgorhis port displays a horizontal line. It is
used to visually separate different groups of ports fronhexdher. In contrast to most other ports this
port does not provide a pin button and thus cannot be pinhedek not accept any user input.

Commands
Inherits all commands dPort

PortTabBarlabeled, selectable tab elements for tabbéalgdiahe QTabBar class provides a bar con-
sisting of a list of labeled, selectable tab elements, éguise in tabbed dialogs. Only one tab can
be switched at a time. Thus the port facilitates a one-ofyntdwoice. This port has all methods of a
PortRadioBoxwith the additional ability to assign a list of port objeatsavery single tab element. If
a tab element is chosen, all ports included in the tabs miratid which are also marked as visible,
are scheduled for drawing. If a tab gets deselected, the pmtuded in its port list become hidden.
It's possible to add the same port to multiple tab elementdsemen to multiple QTabBar objects but it
gets only visible if all its parent tab elements are seleatddch is never the case for two tabs at the
same QTabBar.

|a M aterial | Light ISubvqume I Rendering IVolume I‘

Modules using this port are for examplelPro.
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Commands
Inherits all commands dPortRadioBox

portAdd <index> <objectLabel> <portLabel>
Adds the given porkobject><port> to the tab objectsindex> port list.

portRemove <index> <objectLabel> <portLabel>
Removes the given potobject><port> from the tab objectsindex> port list.

PortTextsimple text input field This port provides a sim@ettinput field.

‘& Textfield [ some text

The port is used for example in teithmeticmodule.

Commands
Inherits all commands aPort

getValue
Returns the contents of the text field.

setValue <string>
Sets the text in the text field tostring>

getNumColumns
Returns the width of the text field in characters.

setNumColumns <numcolumns>
Sets the width of the text field so thahumcolumns> characters fit in.

getSensitivity
Checks if the text field is enabled or not.

setSensitivity {011 }
Enables or disables the text field. If the text field is disdhitis grayed out and it does not accept
any user input.

PortTimetime slider with subrange buttons and play buttdimés port defines a floating point value
like PortFloatSliderHowever, the value is typically interpreted as a time valtiean be automatically
animated in forward or backward direction, or it can be syanfzed with any other object providing a
time port, for example global time objectin order to facilitate this kind of synchronizatidPprtTime

is derived fromConnection If the port is connected to some other object providing atport, the
value of that port is used, i.e., the time port becomes as afithe connected time port. The range of
the time port as well as its increment (which is relevant funaation) can be edited in a little dialog
which is pops up when pressing the right mouse button oveslitier.
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In addition to the main button the time slider also providegalled subrange buttons. These buttons
allow you to temporarily restrict the range of the slider.r Baimations only this restricted range is
considered. The subrange buttons can be set to an exactalie port's popup dialog or by typing

L <value> orR <value> in the sliders text field. The lettetsor R indicate that the left or right
subrange button should be set, and not the main button.

@ twe <[4 ]

Commands
Inherits all commands afonnection

getValue
Returns the current time value.

setValue <value>
Sets the current time value.

getMinMax
Returns two numbers indicating the full range of the timet.por

setMinMax <min> <max>
Sets the range of the time port.

getSubMinMax
Returns two numbers indicating the subrange of the time géw subrange is relevant for anima-
tions.

setSubMinMax <min> <max>
Sets the subrange of the time port.

getincrement
Returns the increment of the time port. During animations/en pressing the forward or back-
ward buttons the time value is increased or decreased bythement.

setincrement <value>
Sets the increment of the time port.

getDiscrete

Checks if the time portis in discrete mode or not. In discnetele the time can only take on values
min + n*incrementwhereminis the minimum value of the rangiecremenis the port’s increment
value, anch is an integer value.

setDiscrete {0]1 }
Sets discrete mode on or off.
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setFormat <format>
Sets the format used for the slider’s text field in printf syatTypically, the default format i%g

setTracking {0]1 }

Turns tracking on or off. If tracking is enabled the objec ffort belongs to is fired permanently
while the moving the slider with the mouse. If tracking is W€ object is only fired once when the
mouse button is released.

play [-forward|-backward] [-once|-loop|-swing]

Starts to animate the time value. Additional arguments easpecified for the animation direction
(forward or backward) and for the animation mode (play otheep forever, play forth and back
forever). If no arguments are specified forward play andadlsednimation mode are assumed.

stop
Stops a running animation.

setRealTimeDuration <duration _in _seconds>

This command enables real time mode. In real time mode affiithation cycle takes as long as
specified by this command. The increment added to the cuineatvalue after each animation step
depends on the time required for that step. When real timeenmeénabled discrete mode will be
automatically disabled.

getRealTimeDuration

Returns the time duration of a full animation cycle in real¢gimode. If real time mode is disabled,
0 is returned. When the min or max time value is changed wh#étrme mode is enabled the time
duration is automatically adjusted.

PortToggleListmultiple check boxes This port provides tiplé toggle buttons. The buttons are im-
plicitly numbered 0, 1, 2, ... from left to right and each butcan be switched independently. Usually
each toggle represents a particular option affecting tleeaijwn of a module.

‘a ToggleList ¥ Toggled [T Toggle1 [T Toggle 2

The port is used for example in tthi@belVoxelmodule.

Commands
Inherits all commands dPort

getValue <index>
Returns 1 if toggleindex> is checked or 0 if it is not.

setValue <index> {01 }
Sets the state of the buttamndex> .
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getNum
Returns the number of toggle buttons of the port.

setNum <numbuttons>
Sets the number of toggle buttons of the port.

getLabel [<index>]

If no arguments are given, this command returns the porbsllalf one argument is given, this
command returns the label of toggle buttdndex> .

setLabel [<index>] <label>

If only one argument is given, this command sets the porisllalf two arguments are given, this
command sets the label of toggle butidndex> .

getLabel [<index>]

If no arguments are given, this command returns the poibsllalf one argument is given, this
command returns the label of toggle buttdndex> .

setLabel [<index>] <label>

If only one argument is given, this command sets the porisllalf two arguments are given, this
command sets the label of toggle butidndex> .

getSensitivity <index>
Checks whether toggle buttetindex> is enabled or not.
setSensitivity <index> {0]1 }

Enables or disables toggle butteimdex> . A disabled button is grayed out and cannot be modified
interactively.
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Chapter 8

Amira

8.1 MATLAB M-files Format (.m)

MATLAB is a powerful programming language as well as an iat¢ive computational environment.
Files that contain code in the MATLAB language are called Msfi You create M-files using a text
editor. You may use the moduMATLAB Calculusin order to load, save and execute M-files.

8.2 Amira Script

amira scripts are written in the Tcl command language. Scriptsaajlou to start demos, to perform
routine tasks, or to create animations. Networks are sasexti@pt files too. When such a file is
executed the network is restored. A detailed descripticth@&mira scripting facilities is contained
in the user’s guide in Chapt@f (Scripting). A script file is recognized either by the spéc@mment
# Amira Script  in the first line of the file, or by the file extensiomx .

8.3 Amira Script Object

amira script objects are custom module with user-defined GUI efgsngorts) written in the Tcl
command language. Files describing script objects must obgain requirements as stated in the
data types section abo®criptObjects When a file describing a scipt object is loaded an instance
of a ScriptObjectmodule is created and initialized as requested. Files i@sgrscript object are
recognized by the special commeéhtAmira Script Object V3.0 in the first line of the file,

or by the file extensiorscro . Note that in previous versions afira a different syntax was used for
script objects. In order to make clear that a new-style sotifect is defined the comment mentioned
above should be used.



8.4 AmiraMesh Format

AmiraMeshis amira’s native general-purpose file format. It is used to storeyrdifierent data ob-
jects like fields defined on regular or tetrahedral gridspesgtation results, colormaps, or vertex sets
such as landmarks. The format itself is very flexible. In féictan be used to save arbitrary multi-
dimensional arrays into a file. In order to createaamira data object from an AmiraMesh file the
contents of the file are analyzed and interpreted. For ex@napietrahedral grid is expected to have
a one-dimensional arrayodescontaining entries of typ#oat[3] calledCoordinatesas well as

a one-dimensional arrajetrahedracontaining entries of typet[4] called Nodes If the Ami-
raMesh file contains an entyontentTypén its parameter section the value of this parameter directl
determines what kind cdmira data object is to be created.

A first example. In order to describe the syntax of an AmiraMesh file we firsegivshort example.
This example describes a scalar field defined on a tetrahgddal Concrete examples of how to
encode other data objects are given below

# AmiraMesh ASCII 1.0

define Nodes 4
define Tetrahedra 1

Parameters {
Info "This is an AmiraMesh example",
Pi 3.1459

}

Materials { {
Name "Stone",
Color 0.8 0.3 0.1

H

Name "Water",
Color 0 0.3 0.8

}}

Nodes { float[3] Coordinates } = @1
Tetrahedra { int[4] Nodes } = @4

Nodes { float Values } = @8
Tetrahedra { byte Materials } = @12

Field { float Example } = Linear(@8)

@1
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The first line of an AmiraMesh file should be a special commecitiding the identifieAmiraMesh .
Moreover, if the tacASCII is given in this line all data arrays are stored in plain AS€kt. If the tag
BINARY is given, the data arrays are stored in IEEE big-endian piftamat. Note that the header
section of an AmiraMesh file is always given as ASCII text.

The statemerdefine Nodes 4 defines a one-dimensional array of size 4. Later on, thiy@aa
be referenced using the narNedes. Similarly, a statemendefine Array 100 100 defines a
two-dimensional array of size 100 x 100. The actual kind dadsiored per array element will be
specified later on.

The optional sectiofParameters allows the user to define arbitrary additional parameteiachE
parameter consists of a name (liké) and a value (like3.1459 ). Values may be one or multiple
integer or floating point numbers or a string. Strings havestguoted using a pair 8f-characters.

The optional sectioMaterials  allows the user to define additional material informatiorhisT
is useful for finite element applications. The material isectonsists of a comma-separated list of
parameters just as in tiarameters section.

The statemeniNodes { float[3] Coordinates } = @1specifies that for each element of
the arrayNodes defined earlier three floating point numbers (floats) shoaldtbred. These data are
given the nam€oordinates  and a tag in this line and will appear below as a tagged blottk the
marker@1 Such data markers must always begin with the le@er

Similar, the following lines define additional data to berstbin the arrays calletNodes and
Tetrahedra . The primitive data types must be one lmfte , short , int , float , double ,
or complex . Vectors of primitive data types are allowed, aggregatectdrare not, however.

The statemerfield { float Example } = Linear(@8) defines a continuous scalar field
with the nameExample . This field will be generated by linear interpolation fronettata val-

ues Values defined on the nodes of the tetrahedral grid. Other intetipolanethods include
Constant(@X) andEdgeElem(@X) .
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After the marker@1the coordinate values of the grid are stored. Likewise, therodata arrays are
given after their corresponding markers. In caseBMARY file the line containing the marker is read
up to the next new line character. Then the specified numbeytes is read in binary format. It is as-
sumed that sizeof(short) is 2, sizeof(int) is 4, sizeoff)l@4, sizeof(double) is 8, and sizeof(complex)
is 8. Multidimensional arrays indexed \iid[j][i] are read with running fastest.

Backward compatibilty. For backward compatibility the following statements araesidered to be
equal:

nNodes 99 is equal todefine Nodes 99
nTriangles 99 s equal tadefine Triangles 99
nTetrahedra 99 s equal todefine Tetrahedra 99
nEdges 99 is equal todefine Edges 99

NodeData is equal toNodes
TriangleData  is equal toTriangles
TetrahedraData is equal toTetrahedra
EdgeData is equal toEdges

Other data objects. Of course, not only scalar fields defined on tetrahedral gade encoded using
the AmiraMesh format. Many other data objects are supp@sedell. In each case there are certain
rules about what data arrays have to be written and how thesgsehave to be named. Below, we
describe how to encode the following data objects:

e Fields with uniform coordinates

e Fields with stacked coordinates

e Fields with rectilinear coordinates
e Fields with curvilinear coordinates
e Label fields for segmentation

e Landmarks for registration

e Line segments

e Colormaps

8.4.1 Fields with uniform coordinates

In order to encode 3D scalar or vector fields defined on a umifgnid you first have to define a 3D
AmiraMesh array calledlattice The field’s data values are stored on this array. The coatélitype
of the field as well as the bounding box are specified in therpater section of the AmiraMesh file.
This is illustrated in the following example:

# AmiraMesh ASCII 1.0

348 Chapter 8: Amira



# Dimensions in x-, y-, and z-direction
define Lattice 2 2 2

Parameters {
CoordType "uniform",
# BoundingBox is xmin xmax ymin ymax zmin zmax
BoundingBox 0 1 0 1 0 1

}

Lattice { float ScalarField } = @1

@1
00110022

Usefloat[3] in order to encode a vector field instead of a scalar field. wige, you may modify
the field’s primitive data type. For example, 3D images aramonly encoded usinigyte orshort .
Instead ofScalarField you may use any other name in the data definition statement.

The field’s bounding box is given by the minimum and maximugyx; and z-coordinates of thgrid
nodesor voxel centers, not of the voxel boundariesnira will always assume the width of a single
voxel to be(xmax-xmin)/(dims[0]-1)For degenerated 3D data sets with one dimension being kehoo
equal minimum and maximum coordinates in that direction.

8.4.2 Fields with stacked coordinates

A field with stacked coordinates has uniform pixel spacing-rand y-direction, but slices may be
arranged arbitrarily in z-direction. This type of coordiesis commonly used to encode 3D medical
images with non-uniform spacing.

In order to encode a 3D scalar or vector field with stackeddioates you have to define a 3D array
calledLatticeand 1D array calle€Coordinates The field’s data values are stored.attice while the
slices’ z-positions are stored @pbordinates The coordinate type of the field as well as the bounding
box in xy are specified in the parameter section of the AmirstMéde. Here is an example:

# AmiraMesh ASCII 1.0

define Lattice 2 2 3
define Coordinates 3

Parameters {
CoordType "stacked",
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# BoundingBoxXY is xmin xmax ymin ymax
BoundingBoxXY 0 1 0 1

}

Lattice { byte Intensity } = @1
Coordinates { float z } = @2

I\JHO@

1
0
1
2

N = O
NP~ O

@2
0 0.75 2

Usefloat[3] in order to encode a vector field instead of a scalar field. wige, you may modify
the field’s primitive data type. For example, 3D images arammnly encoded usinigyte orshort
Instead ofintensity you may use any other name in the data definition statement.

The field’s xy bounding box is given by the minimum and maximxand y-coordinates of thgrid
nodesor pixel centers, not of the pixel boundarieamira will always assume the width of a single
pixel to be(xmax-xmin)/(dims[0]-1)For degenerated 3D data sets with one dimension being kehoo
equal minimum and maximum coordinates in that direction.

8.4.3 Fields with rectilinear coordinates

A field with rectilinear coordinates still has axis-aligngdd cells. However, the x-, y-, and z-
coordinates of the grid nodes are specified explicitly fahedirection.

In order to encode a 3D scalar or vector field with rectilingzordinates you have to define a 3D array
calledLatticeand 1D array calle€oordinates The field’s data values are stored.attice while the

X-, y-, and z-positions for each direction are store€abrdinatesn subsequent order. The size of
the Coordinatesarray must be equal to the sum of the sizetaiticein x-, y-, and z-direction. The
coordinate type of the field is specified in the parameterigeadf the AmiraMesh file. Here is an
example:

# AmiraMesh ASCII 1.0

define Lattice 2 2 3
define Coordinates 7 # This is 2+2+3

Parameters {
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CoordType "rectilinear"

}

Lattice { float ScalarField } = @1
Coordinates { float xyz } = @2

N O@Q
NPk O
N RO
N RO

@2

01 # x coordinates
0 1.5 # y coordinates
-1 1 2 # z coordinates

Usefloat[3] in order to encode a vector field instead of a scalar field. wige, you may modify
the field’s primitive data type. Instead SfcalarField you may use any other name in the data
definition statement.

8.4.4 Fields with curvilinear coordinates

A field with curvilinear coordinates consists of a regulaiagrof grid cells. Each grid node can be
addressed by an index triple (i,j,k). The coordinates ofgtié nodes are specified explicitly.

In order to encode a 3D scalar or vector field with curviline@ordinates you have to define a 3D array
calledLattice This array is used to store the field’s data values as weliagtid nodes’ coordinates.
The coordinates must be given aicat[3] vector containing x-, y-, and z-values. The coordinate
type of the field is specified in the parameter section of therAktesh file. Here is an example:

# AmiraMesh ASCII 1.0
define Lattice 2 2 3

Parameters {
CoordType "curvilinear"

}

Lattice { float ScalarField } = @1
Lattice { float[3] Coordinates } = @2

@1 # 2x2x3 scalar values
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N~ O
N~ O
N~ O
N~ O

2x2x3 xyz coordinates

I—‘OHOI—‘OHOHOI—‘O@
OroOoOO0OORrOOCOFrooN

#
0
0
0
0
1
1
1
1
2
2
2
2

Usefloat[3] in order to encode a vector field instead of a scalar field. wige, you may modify
the field’s primitive data type. Instead SftcalarField you may use any other name in the data
definition statement.

8.4.5 Label fields for segmentation

Label fields are closely related to ordinary scalar fieldhwitiform coordinates. However, the data
values at each voxel are interpreted as labels denotingffeestht materials or regions the voxels have
been assigned to during a segmentation process. Theréferejost important difference of label
fields compared taniform scalar fieldss the occurence of Blaterialssection in the AmiraMesh file.
Whenever such a section occurs and elements ofltypedenoted_abelsare found the AmiraMesh
file is interpreted as #&abel field Here is a simple example of a label field containing two défe
materials:

# AmiraMesh ASCII 1.0
define Lattice 2 2 2
Parameters {

CoordType "uniform",

# BoundingBox is xmin xmax ymin ymax zmin zmax
BoundingBox 0 1 0 1 0 1
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Materials {
{ Id 0, Name "Exterior" }
{ Id 4, Name "Something" }

}

Lattice { byte Labels } = @1

Lattice { byte Probability } = @2
@1
00
00

» O
b

@2
255 255 130 180
255 200 190 230

Each material is supposed to have a paramietspecifying the correspondence between labels and
materials. In the example above all voxels labeled with @hgkto materiaExterior, while all voxels
labeled with 4 belong to materi&lomething

Optionally, label fields may contain probability informatior weights as shown in the example above.
These weights denote the degree of confidence of the labélimg information is used by the MC
modulewhen extracting boundary surfaces.

8.4.6 Landmarks for registration

The data typd.andmark Sets useful for registration and alignment of multiple 3D ineadpta sets.

It allows you to store multiple sets of corresponding magasitions. The data type can also be used
to represent a simple list of 3D points @mira. In this case you would only specify a single set of
markers. Consider the following example:

# AmiraMesh ASCII 1.0
define Markers 3
Parameters {

ContentType "LandmarkSet",
NumSets 2

}

Markers { float[3] Coordinates } = @1
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Markers { float[3] Coordinates2 } = @2

@1

38.5363 15.2135 20.3196
35.1264 14.0106 37.155
31.6494 14.2791 31.0932

@2

40.2112 15.907 20.3119
35.9551 13.8241 40.4785
30.1375 13.7279 28.9235

In this example first the number of markers or points is defioeoe 3. In the parameter section of
the AmiraMesh file the content type is specified, as well amtimaber of marker sets. The marker
coordinates of the first set are deno@abrdinates  (xyz-values stored a#at[3] ). Likewise,
the marker coordinates of the second set are der@teddinates2 . If more sets are defined the
coordinate values must be call€dordinates3 , Coordinates4 , and so on.

It is also possible to define additional data values for eaehker such adMarkerTypes or
Orientations . How these values are interpreted in detail will be speciiied future release
of amira.

8.4.7 Line segments

The data typd.ine Setis used to represent a generic set of indexed line segmemntdirie segments
defined by an index into a vertex list. Optionally, an arlitraumber of scalar data values may be
associated with each vertex.

In order to store line sets in an AmiraMesh file two 1D arraygehta be defined, namelbyines used
to store the indices, andertices used to store the vertex coordinates as well as additi@raxdata.
Here is an example:

# AmiraMesh ASCII 1.0

define Lines 15
define Vertices 12

Parameters {
ContentType "HxLineSet"
}

Vertices { float[3] Coordinates } = @1
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Vertices { float Data } = @2
Lines { int Lineldx } = @3

@1 # 12 xyz coordinates
0900

@2 # 12 data values
111122221111

15 indices, defining 3 line segments

Lines are defined using vertex indices as shown above. Tlexiofthe first vertex is 0. An index
value of -1 indicates that a line segment should be termih&e arbitary number of additional vertex
data values can be defined. Multiple values should be disishgd by denoting theata2 , Data3 ,
and so on.

8.4.8 Colormaps

An amira colormapconsists of a one-dimensional array of RGBA componentsrapanied by two
numberamin maxspecifying which data window should be linearly mapped ®RGBA values. The
RGBA array should have 256 elements in order to be able totleelitolormap using theolormap
editor.

Colormaps are encoded in an AmiraMesh file as follows:

# AmiraMesh ASCII 1.0

define Lattice 256
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Parameters {
ContentType "Colormap",
MinMax 10 180

}

Lattice { float[4] Data } = @1

@1

1000

0.00392157 0 O

0.00392157 0 0.00392157
0.0117647 0 0.00392157
0.0196078 0 0.0196078
0.027451 0.00392157 0.0196078

e

The RGBA values are stored in floating point format. A compudn&lue of 0 means no intensity
(black), while a component value of 1 means maximum intgnsithite). The fourth component
denotes opacityalpha). Here a value of 0 indicates that the color is completelggparent while a

value of 1 indicates that the color is completely opaque.

8.5 AmiraMesh as LargeDiskData

Image data stored in an uncompresgediraMeshHfile can be loaded as LargeDiskData. Use fiile
Dialog’sPopup Menu to force the file format to "TAmiraMesh as LargeDiata“.

The file is opened readonly. You cannot change the imagedatadd or modify parameters.

8.6 BMP Image Format

BMP is a standard image format mainly used on the Microsoftddis platform. Image data is stored
with 8 or 24 bits per pixel without applying any compressi®hen writing RGBA color fields the
alpha channel will be discarded. When reading BMP imagedpraaalue of 255 (full opacity) will
be assumed. BMP files are automatically identified by the &lm@& extensiondmp.

Regarding the import and export of multiple slices the saemarks apply as for th&/FF image
format When reading BMP images tletiannel conversion dialag popped up. This dialog is also is
also described the TIFF section.
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8.7 DXF

The DXF file format is a general-purpose format used by the AutoCAMIY$oftware, The format
is able to store a large variety of 2D and 3D geometries. @tlgreamira only exports files in plain
ASCII format containing 3D triangular surfaces and 3D limgss The information defined in the
parameter section of amira data object will only be saved in case of 3D trianglar surface

3D line sets can be exported in two different ways: the whiake $et in a single file or on a per-slice
basis DXF slice-by-slicg The latter format can only be selected if the line set dosta special
parameter describing the structure of the individual sliggroups of lines belonging to the same slice,
i.e., having the same x, y, or z coordinate, are saved in the BF file. Line sets of this special type
are produced by the modu@omputeContours

When importingDXF files amira will create an Open Inventor scene graph object. You may hsse t
modulelvToSurfacein order to convert the scene graph intoanira surface. Currently, onlpXF
files in ASCII format can be read.

DXF files are identified by the file name extensidrf .

8.8 Encapsulated PostScript

amira is able to save snapshots as well as individual slices of an¥yé data set iEncapsulated

PostScriptformat. You may directly send EPS files to a PostScript prirtteyou may include these
files in many standard desktop publishing programs. The B&Sfioduced bgmira contain bitmaps

rather than vector information.

The import of EPS files is not supported.

8.9 HTML

HTML files loaded via theamira file dialog are displayed in the online help viewer. The help
viewer supports certain but not all HTML formatting tags.also is not able to resolve web links.
Only links to local files are resolved. Nevertheless, it isyveonvenient to describe projects and
to invoke demo scripts from an HTML page displayed in #mira help viewer. Whenever a file
with the extensionhx is linked, this file is interpreted as aamira script. The script is exe-
cuted when the link is clicked. As an example you may look &t demo pages provided with
the online user’s guide, for exampshare/usersguide/recon.html or other files listed in
share/usersguide/AmiralndexDemo.html

8.10 HxSurface

Simplified version. The surface format has been designed to reprasamgular non-manifold sur-
faces The triangles of such a surface are grouped in patches diti@d information about so-called
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boundary contours and branching points can be stored infaceufile. However, since this informa-
tion can be recomputed automatically if required, we disaisimplified version of the format first.
Here is an example:

# HyperSurface ASCII

Parameters {
Info "GMC: 3 colors, case 13"
}

Materials { {
color 0.83562 0.78 0.06,
Name "Yellow" }

color 0.21622 0.8 0.16,
name "Green" }

color 0.8 0.16 0.596115,
name "Magenta" }

}

Vertices 11
1.000000 0.666667 0.500000
0.666667 0.500000 1.000000
1.000000 0.500000 0.000000
0.500000 1.000000 0.000000
0.000000 0.000000 0.500000
0.000000 1.000000 0.500000
1.000000 1.000000 0.500000
0.500000 0.000000 1.000000
1.000000 0.500000 1.000000
0.500000 1.000000 1.000000
0.523810 0.523809 0.500000

Patches 3
{ InnerRegion Green
OuterRegion Yellow
Triangles 7
3111
4 311
6 4 11
56 11
8 511
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{ InnerRegion Magenta
OuterRegion Yellow
Triangles 1

921

{ InnerRegion Magenta
OuterRegion Green
Triangles 2

210 7
712

The first line is required and identifes the surface formatdifional comments starting with a hash-
mark may appear at any point in the file. Next, an optional patar section and a material section
follow. These sections have the same format as iAmiraMeshHfile. The parameter section may con-
tain an arbitrary number of name-value items. The mateeielien contains additional information

about imaginary regions the surface patches are supposep#mate. In contrast to an AmiraMesh
file, individual materials need not to have laisince they are referenced via their names.

The statemeri¥ertices 11  indicates that the x-, y-, and z-coordinates of 11 vertioiew. Like-
wise, the statemerPatches 3 indicates that 3 patches follow. The definition of each pasch
enclosed by a pair of brackefsand}. Inside these bracketanerRegion  andOuterRegion
indicate the two regions the patch is supposed to sepafateu ldon’t want to generate a tetrahedral
grid from your surface, you may omit these statements, onyayichoose both regions to be the same.
Finally, the triangles of a patch are specified by indexindiees defined in the vertex section. Like in
an AmiraMesh file, indices start at 1, not at O.

Extended version. In its extended version the surface format is able to stoditiadal topological
information of a surface. Before we discuss this in detail,us first provide some definitions and
introduce the underlying concepts.

e Region: In finite element applications regions are usually calledemals. A region is defined
by its surrounding surface, which may consist of multipléchas. Each region must have a
unique name.

e Surface: A surface is defined by the boundary of a 3D region and thegafarst be closed. This
means that for example each edge must be connected to aniewéemnof triangles. In one half
of the triangles the edge is referenced in forward orientatin the other half in backward
orientation. A surface may consist of multiple pieces, atbed patches. In the file format the
patches of a surface are given by a list of signed indices.gatine index means that the patch
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has negative orientation in the current surface.

Patch: A part of a surface which separates exactly two differntargi Patches are built from
triangles. The triangles are all oriented in a unique wayhsd e can define an inner re-
gion and an outer region. The triangle normals point intodb&sr region. For each patch an
InnerRegion  and anOuterRegion may be specified in the file format. If one of these
specifiers is missing it is assumed that the patch delimiettterior space. Otherwise the exte-
rior region should be calle@UTSIDE Patches may be closed or may be delimited by so-called
boundary curves. Boundary curves are specified by a listgoiesi integers. The sign denotes
the orientation of the curve segment for a particular patechaddition for each patch inner
branching points may be specified, if necessary.

BoundaryCurve: At a boundary curve multiple patches join. The curves arenddfby a set of
vertex indices. For closed curves the first and the last imdest be equal.

BranchingPoint: A point where multiple regions join. The start and end poofta boundary
curve are branching points. In addition there may be alsndtriag points inside a patch which
are not part of a boundary curve.

Vertices: These are the points from which the surface triangles aré bui the file format
the vertex coordinates are specified after the indentifeetices  followed by the number of
vertices. First branching points should be specified, th@ntp on boundary curves, and then
inner points of the patches. In the definition of boundarywesrand patches the vertices are
referenced by indices starting from 1, not from 0.

The following example describes the surfaces of three otedetetrahedra which are assigned to
three different regions. Some of the definitions are optiofeally necessary are only the list of

vertex coordinates as well as the definition of the patchesunBary curves and surfaces may be
reconstructed from this.

360

# HyperSurface ASCII

Vertices 6
0.0 0.0 0.
00 0.0 1.0
0.0 1.0 0.0
-1.0 0.0 0.0
1.0 0.0 0.0
0.0 -1.0 0.0

NBranchingPoints 2
NVerticesOnCurves 2

BoundaryCurves 3

{

Vertices 3
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1 3 2
H
Vertices 2
1 2
H
Vertices 3
1 4 2

}

Patches 5

{
InnerRegion Materiall
OuterRegion OUTSIDE
BranchingPoints 0
BoundaryCurves 2

1 -2

Triangles 3

g1~ 01
w Ol
NN W

H
InnerRegion Material2
OuterRegion OUTSIDE
BranchingPoints 0
BoundaryCurves 2
3 -1
Triangles 2
3 1 4
2 3 4
o
InnerRegion Material3
OuterRegion OUTSIDE
BranchingPoints 0
BoundaryCurves 2
3 2
Triangles 3

N B
N A
[e2e>MNe)]

H

InnerRegion Materiall
OuterRegion Material2

HxSurface
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BranchingPoints 0
BoundaryCurves 2

2 -1
Triangles 1
3 1 2

H

InnerRegion Material2
OuterRegion Material3
BranchingPoints 0
BoundaryCurves 2

-3 2
Triangles 1

1 2 4

}

Surfaces 3
{
Region Materiall
Patches 2
1 4
Ho
Region Material2
Patches 3
2 -4 5
Ho
Region Material3
Patches 2
3 -5

8.11 Icol

This is a simple ASCII file format coming in two variants, ixéel and non-indexed, to store col-
ormaps. Thecol file format and thdcol Colormap Editororiginate from the Graphics and Visualiza-
tion Lab (GVL) of the Army High Performance Computing Reste€enter (AHPCRC), Minnesota.
The Colormap Editoin amira shares many ideas with the original AHPCRC tool. The stmeotdian
Icol format can be immediately understood by looking at the exasipamira’s demo data directory.

362 Chapter 8: Amira



8.12 Interfile

Interfile is a file format for the exchange of nuclear mediémage data.

With this reader you can import files in the Interfile exchafaggenat intoamira. Interfile data objects
consist of two files, a .hdr file containing the header infaioraand an .img file which contains the
raw image data. Both files should be in the same directory.

Limitations:

e The .hdr file must start with the sequence ''INTERFILE’ to leeagnized by the reader.

8.13 JPEG Image Format

JPEG is a standard format which can be used to store RGB agdcata images in a highly com-
pressed form. However, note that the compression algotighassy. The quality of the compression
for file export can be specified by typing the command

set AmiraJPEGQuality <quality>

into theamira console prior to the export, wherguality>  ranges from 0 to 100. The default is

90. When writing RGBA color fields the alpha channel will beddirded. When reading RGB images
an alpha value of 255 (full opacity) will be assumed. JPEG filee automatically identified by the file

name extensiongpg or.jpeg

Regarding the import and export of multiple slices the saemarks apply as for th&/FF image
format When reading JPEG images thieannel conversion dialag popped up. This dialog is also is
also described the TIFF section.

8.14 MATLAB Binary Format (.mat)

Saves aramira data object as a MATLABMAT file. Only the raw data will be saved but infor-
mation like the size of the bounding box will be lost. MATLABrays are generated that may be
4-dimensional. For example an RGBA colorfield will be save@al-dimensional data set where the
first three dimensions represent spatial coordinates antbtirth dimension contains the RGBA val-
ues. The data variables will be named like &maira variable name with an AMIRAIn front of them
and all '’ characters replaced by tharacters (to avoid conflicts with structs in MATLAB).

MAT files are identified by the file name extensiaomat .

8.15 Open Inventor

The Open Inventofile format is used for storing 3D geometries. The format is/y@owerful. The
VRML format known from the World Wide Web is very similar to &p Inventor. Sincamira is
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built on top of Open Inventor, it naturally supports thisrfat. Howeveramira has added a lot of
special purpose nodes to Open Inventor. Therefore cuyrgothe geometries which can be displayed
in amira’s 3D viewer cannot be saved in Open Inventor file format.

When reading an Open Inventor file a data object of tyfatawill be created. This data object stores
the Open Inventor scene graph and can be visualized usiri@isplaymodule.lvDataobjects can be
saved again in ASCII or binary Open Inventor format. In aiddiemira surfacesan be exported in
Open Inventor format.

8.16 PNG Image Format

PNG stands foiPortable Network Graphics The format is mainly used for internet applications.
Usually, image data is stored in compressed form using &lssompression algorithm. The format
is able to store an alpha channel besides the ordinary chbmnels. PNG files are automatically
identified by the file name extensiomng .

Regarding the import and export of multiple slices the saemarks apply as for th&IFF image
format When reading PNG images tiebannel conversion dialag popped up. This dialog is also is
also described the TIFF section.

8.17 PNM Image Format

This format includes the PPM, PGM, and PBM image formats.s€Hfermats are used to store RGB
color images, grayscale images, as well as black and whagés) respectively. For each of the three
formats there is a binary and an ASCII versi@mira is able to read all six of them, but will only
write binary PPM and PGM files. Black and white PBM images caly be read if the image width is

a multiple of eight. PNM files will be automatically identifidy their file headers.

Regarding the import and export of multiple slices, the seengarks apply as for thélFF image for-
mat When reading PNM images tledannel conversion dialag popped up. This dialog is described
in the TIFF section.

8.18 PSI format

The PSI format stores a set of 3D points with additional datz&ables associated to them in a column-
oriented way. Iramira PSI files are represented by data objects of p€luster

A PSI file starts with an (optional) header section. Thisisactlescribes the contents of the file,
i.e., the number and the meaning of the individual data cakinThe file syntax is illustrated in the
following example:

# PSI Format 1.0
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#

# column[0] = "Xx"

# column[l] = "y"

# column[2] = "z"

# column[3] = "Energy"

# column[4] = "Grain"

# column[5] = "Id"

# column[6] = "Coordination Number"
# column[7] = "Crystallographic Class"
#

# symbol[3] = "E"

# symbol[4] = "g"

# symbol[6] = "n"

# symbol[7] = "c"

#

# type[3] = float

# type[4] = byte

# type[6] = byte

# =

type[7] = { PFCC, GFCC, PHCP, GHCP, OT12, OTHR }
5 2694 115001
1.00 0.00 0.00
0.00 1.00 0.00
0.00 0.00 1.00

-0.748 -0.748 -0.777 -4.3840 15 327909 12 PFCC
-0.735 -0.739 -0.757 -4.3840 15 327910 12 PFCC
-0.742 -0.784 -0.754 -4.3400 15 328800 12 GFCC
-0.757 -0.769 -0.766 -4.3823 15 328812 12 PFCC
-0.747 -0.762 -0.745 -4.3638 15 328813 12 PFCC

The very first line indicates that this is a PSI file. The stagtacolumn[0] = "x" indicates that
the first data column represents the x-coordinates of thetgoin this example in total eight data
columns are defined. Note that the nahés, "y" ,"z" , and"ld" have a special meaning. These
columns are required.

Next, the statemerstymbol[3] = "E" defines a symbol for the data column labelEdergy"

This symbol may be used in an arithmetic filter expressionrasiged for example by the modules
ClusterViewand ClusterDiff. Note that symbol definitions for the four special columrizlad"x" |,
"y' ,"z" ,and"ld" have no effect.

Finally, the statemenype[3] = float indicates, that internally energy values should be stored
as 32-bit floating point numbers. Alternatively, data valugay be stored as 32-bit integeirst( ) or
as 8-bit characterdyte ). As a special feature, data values may also be representesthal tokens.
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In this case, the set of allowed tokens should be specifiecconama-separated list as shown in the
above example.

The header section may also contain any other user-defimeoheat, provided the first character of a
comment line is &. The first non-blank line after the header section specifiesitimber of points,
as well as two other parameters, which are ignoredrnyra. Next, the bounding box of the data set
is specified. Howevegmira will ignore this definition. Instead, the bounding box wik lbalculated
from the point coordinates itself.

If a PSlfile contains no header section at @inira assumes that the file contains exactly eight data
columns and that these data columns are arranged like irxémege above.

8.19 Ply Format

The Ply format was developed at Stanford University Computer Giapbab. It is used for storing
points and geometries. lmira it is possible to read and save surfaces in this format. Whéimgy
amira surfaces in this format additional information such as tla¢emal section of the surface will be
written into Ply files as well. However, other application will not be ablenterpret this additional
data.

amira identifies aPly file by its header.

8.20 Raw Data

Sometimes you may want to read data defined on uniform latiiceaw format, i.e., plain three-
dimensional arrays of data. Tomographic images might bengiv this way, and raw data is often the
easiest format to produce with, e.g., custom simulatiog@ms.

To read in raw data, use thead/Load Datamenu, select the file in the file browser and cliok.
Since Amiracannot recognize the file format automaticallgialog will popup. Within this dialog
chooseRaw Dataas file format and cliclOK. Since the raw data file does not contain any information
on how to format the data, some user specifications are estjaimira will bring up a dialog:

Now adjust the parameters:

e Data Types. Primitive type of data: byte for 8-bit data, short for 16-8#ta, int32 for 32-bit
integer data, float for 32-bit float data, double for 64-biaflng point data.

In addition, the number of data values per data point muspbeified: 1 for scalar data, 3 for
vector data, 6 for complex vector fields.

e Dimensions.Size of the three-dimensional array. If incorrect dimensiare specified, the data
will be scrambled.

e Min/Max Coords. The bounding box of the data. These parameters are not &sicais the
other ones. In particular the bounding box can be adjustedwrds using the crop editor.
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& Raw Data Parameters

Irput

P

Dimersions: 512 | 512

I

Header: D bytes

Requested: 524288 bytes
Filezize: 34180024 bytes

Endianess. () bigendian &) litle endian
Index arder: (%) xfastest () zfastest

Resolution

Define: () bounding box @
Min coard: |0 ||o |0 |
Vorel sizer |1 [ |[1 |

Lo ]I

Cancel

|

Figure 8.1 amira’s raw data read dialog.

e Header. Many file formats consist of a raw data block with a prependeatier. If such files are
read with this method, the size of the header can be spec#ied fihe header will then simply
be skipped when reading the file

e Endianess.The byte order of data types other than byte is system depénfigou read your
files on the same type of processor as on which they have bednged, the default setting will
be okay. But if you read data produced, e.g., under LinuttglEndian) on an SGI (big Endian),
you must specify the correct byte order of the data to be r@g#d Endian in this case).

e Index Order. Order in which the data points are read.

Instead of filling in this data dialogue, you might prefer ¢adl the data using the Tcl interface. The

syntax is

load -raw FileName Endianess IndexOrder DataType nDataVar

where

e FileNameis the name of the file to load,
e Endianessis eitherlittle or big,

Raw Data

IndexOrder is eitherxfastesor zfastest
DataTypeis one ofbyte, short, ushort, int32, float, double
nDataVar is the number of data values per voxel, e.g., 1 for scalarsfi@dor vector fields,

dimX dimY dimZ xMin
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e dimX dimY dimZ denotes the dimensionality of the data set, and
e xMin xMax yMin yMax zMin zMax denotes the bounding box of the data set.

The raw data format is a very powerful tool, especially foictaccess/prototyping use. However it
may sometimes be tricky to figure out the parameters. Sonig widach may help arei orod -c
(to examine the header of files).

After loading, click on the icon. If the data range is obviguompletely wrong, then you have either
specified a wrong data type, or a wrong endianess, or a tot lseader. If most of the volume looks

okay, but is shifted in the x-direction, then you probablyéapecified a wrong header. If the data
range looks okay, but the data seems scrambled, then youspae#ied incorrect dimensions or a
wrong index order.

8.21 Raw Data as LargeDiskData

This file format allows to load subvolumes out of one large data block on disk. Use thEile
Dialog’s Popup Menu to force the file format to "Raw Data as LargeDigkDaThe format of the
file and the parameters you have to provide are describ&him Data The file will be loaded as a
LargeDiskDatapbjekt.

The file is opened readonly. You cannot change the imagedatzdd or modify parameters.

8.22 SGI-RGB Image Format

This is the SGI file format for RGB and grayscale images. Wheiting an RGBA color field the
alpha value will be discarded. When reading RGB images fudlaity is assumed. 16 bit data val-
ues, even though allowed by the SGI file format specificatiwa,not supported. SGI-RGB files are
automatically identified by the filename extensicsg , .rgb , or.bw.

Regarding the import and export of multiple slices the saemarks apply as for th&/FF image
format When reading SGI-RGB images tlebannel conversion dialag popped up. This dialog is
also is also described the TIFF section.

8.23 STL

STL is a CAD format for Rapid Prototyping. It is a faceted siod representation, i.e. a list of
the triangular surfaces with no adjacency information. r€uity the ASCII version of the format is
supported for writing Amira objects of type Surface.
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8.24 TIFF Image Format

This is the 2D TIFF file format. It can be used to read and write or more 2D images. If multiple
images of equal size have been selected ifitbelialogthey will be combined into a single 3D image
volume, i.e., a uniform scalar field of bytes or an RGBA coletdi TIFF files will be automatically
identified by looking at the file header, irrespectively bg dttual file name extension.

Likewise, if a 3D image data set is to be saved in TIFF formmafact for each slice a separate file
will be created. If you choose the 2D TIFF format in the fileldggs format menu a sequence of
hashmark charactef#] will be automatically inserted into the filename. When sguine images
the hashmark sequence will be replaced by the current slingbar (formatted with leading zeros).
For example, if the base filenamenfage.####.tif the files actually being written will be named
image.0000.tif ,image.0001.tif ,and so on.

Note that not all variants of the TIFF format are supported particular, the following limitations
apply:

e The number of channels must be 1, 3 or 4.

e The number of bits per pixel must be 8 or 16 (1 channel imagbg.on
Images defined in YbCbR colorspace can not be read.

Tiled images can not be read.

Only scalar fields consisting of bytes can be saved.

The Channel Conversion Dialog

When reading 2D image files a special dialog window will be gegbup. This dialog asks the user
to specify how the 2D images should be converted antura data objects. In addition, the world

coordinates of the resulting 3D data object can be adjustbd.channel conversion dialog looks as
depicted in Figured.2

First of all, the dialog displays the number of files to be rghd number of 2D slices (in most cases
equal to the number files), the size of a 2D slice in pixels, e @ the number of channels stored in
the files. An option menu lets you select whether a 1-comptan@form scalar field should be created
or a 4-component RGBA color field. Depending on the type ofitnmt all options may be active.
The meaning of the individual items is described below.

e Maximum. The maximum value of the red, green, and blue channel iscstoreuniform scalar
field (3 and 4 channel input only).

e Weighted Average.A grayscale uniform scalar field is created according to thi&® formula,
I=.3 *R+.59 » G+.11 * B (3 and 4 channel input only).

e Channel 1. The first channel of the input is converted into a uniform acékld (will always
be active).
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& Image Read Parameters |E|E|

Ikfo
Files: 1
Image Size: 1 zslice, BEER421, 3 channels

| rmpart

Channel conversion: | Channel 1 v|

Dbiject name: |005.tf |

Rezolution

Defing: (%) bounding bax () woxel size
Min coond: |EI | |D | |EI |
Max coord: 564 | 420 [1d |

[ Ok l [ Cancel ]

Figure 8.2 amira’s channel conversion dialog.

e Channel 2. The second channel of the input is converted into a uniforatesdield (3 and 4
channel input only).

e Channel 3. The third channel of the input is converted into a uniformlacéeld (3 and 4
channel input only).

e Channel 4. The fourth channel of the input is converted into a uniforralacfield (4 channel
input only).

e Color Field. An RGBA color field is created (4 channel input or 1 channelingith additional
colormap).

If the first image file contains a colormap the map will be lahde a separate objectGhannel lis
selected, or it will be used to compute an RGBA color fiel@dflor Field is selected.

Moreover, the dialog allows you to adjust the bounding boxhaf resulting image data set. The
bounding box specifies the world coordinates of the centéhefower left front voxel (min values)
and the center of the upper right back voxel (max values). eikample, if your input is 256 pixels
wide and the size of each voxel is 1mm, then you mayb#h to 0 andxMaxto 255. The bounding
box of a data object may also be changed later usingntiageCrop Editar

8.25 Tecplot

Tecplot, Inc. delivers visualization software for engireeand scientists to analyze, discover, and
communicate results. With this reader you're able to imgorr Tecplot data int@mira and take
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advantage omira visualization and computation modules.

The .tec extension is registeredamira for ASCIl Tecplot files. The .plt extension is registered in
amira for Binary Tecplot files.

If the AMIRA _TECPLOTUSETIME_SERIES environment variable is defined, then if more than
one variable is defined in the VARIABLES section (after X, Ydad), the generated fields will be
controlled through an HxDynamicSeriesCarhira object. This can be used, for instance, if each
variable represents a different time step for a given pateameo you can play back animation in
amira.

Limitations:

e The following ZONE types are supported:

e [JK POINT and BLOCK generate HxHexaGrid data. (I¢1 && J¢1 &&XK. Each addi-
tional variable creates an HxHexaScalarField3.

e FEPOINT and FEBLOCK TRIANGLE, QUADRILATERAL generate Hx8ace data.
Each additional variable creates an HxSurfaceScalarField

e FEPOINT and FEBLOCK TETRAHEDRON generate HxTetraGrid d&ach additional
variable creates an HxTetraScalarField3.

e FEPOINT and FEBLOCK HEXAHEDRON, BRICK generate HxHexaGdiata. Each
additional variable creates an HxHexaScalarField3.

All other ZONE types are ignored.

e X, Y, and z variables are always defined as the first three OJARIABLES zone. So at least
three variables must be defined. All variables must be defieédeen double quotes.

e C=, D=, DT=and NV= parameters and binary equivalents in t&®&E are ignored.

o All variables are read back as float values.

e Value replication using * is not implemented. So 120*0.0@0jnstance, is not supported.
e GEOMETRY, TEXT, CUSTOMLABELS sections are ignored.

e Maximum line length is 4096 in ASCII format.

e Maximum number of variables is 1024.

The binary reader follows the binary format generated bylote

8.26 VRML

VRML is a file format for storing 3D geometries. The format specially popular for web or internet
applications.

If you are using armamira version that is linked with the Open Inventor 2.5 or higheun yoay import
VRML files as scene graph objects. UsdoSurfacen order to convert the surface parts of the scene

VRML 371



graph into asurfaceobject.

On the other hand, surface objects may be exported into a ViR&H using theVRML Exportmodule.
Unlike most other formats VRML Export is implemented as mledather than an export filter. The
reason is that in addition to the surface itself other dajaab, e.g., 3D image data, can be included
into the VRML file.

8.27 Zeiss LSM

This format stores 3D image data from Zeiss LSM(TM) confdeakr scanning microscopes in a
single file. An LSM image stack can store up to four separaémibls or an RGB(A) color.
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Chapter 9

Molecular Pack

9.1 AMBER

AMBER is a format consisting of three different file formats toring structures of biomolecules
and molecular simulations such a trajectories and its égsc The three supported file formats are:

e *.top files: saving the structural information of molecusegh as atoms position, their residues.
Additional information may be stored here (dihedral anghesta information on the molecule).
This file can be loaded on its own, since enough informatiagigplay the molecule are guar-
anteed.

e *.crd files: storing for each time step the position of evetyna of the molecule. Additional
information is included for each time step, such as velesjtenergy status In order to load
this file, a name.top file has to be loaded, and the name.miilecitas to exist (where name is
variable). It will be loaded automatically (no need to lokd two files simultaneous)

o *.velfiles: storing for each time step the velocities of gvatom of the molecule. Additional
information is included for each time step, such as velesjtenergy status In order to load
this file, a name.top file has to be loaded, and the name.nfde/bhs to exist (where name is
variable). It will be loaded automatically (no need to lokd two files simultaneous)

Supported records

amira uses all information supplied in a AMBER Structure or Tompldile. Following record types
can be parsed while reading those files:
ATOMS RESIDUES DIHEDRALS ANGLES BONDS USER-DEFINED



Though not all information supplied by the trajectory Fégpiarsed. Only the position of each atom is
saved for every time step of the trajectory.

You can get further information about AMBER at http://ambefipps.edu/

9.2 GROMACS

Gromacs is a format consisting of three different file forenfatr storing structures of biomolecules
and molecular simulations such a trajectories. The thrppated file formats are:

e *.grofiles: saving the structural information of molecusegh as atoms position, their residues.
Additional information may be stored here (dihedral angtesta information on the molecule).
This file can be loaded on its own, since enough informatiowigplay the molecule are
guaranteed.

e *.top files: saving topological information of moleculeschuas bonds, secondary structures
This file must be loaded in combination with the structural {i.gro) since it is not providing
enough information to display the molecule.

e *trr files: storing for each time step the position of evetgra of the molecule. Additional
information is included for each time step, such as velesjtenergy status
Supported records

amira uses all information supplied in a Gromacs Structure or Tagpofile. Following record types
can be parsed while reading those files:
ATOMS RESIDUES DIHEDRALS ANGLES BONDS USER-DEFINED

Though not all information supplied by the trajectory Fégpiarsed. Only the position of each atom is
saved for every time step of the trajectory.

When saving a Molecule, the following record types will betten:
ATOMS RESIDUES BONDS

When saving a Trajectory, only the positions of each atorhémbolecule will be saved.
You can get further information about GROMACS at http://wgxmacs.org

9.3 MDL

Thesdffile format is part of the set of MDL file formats used for savifgemical structures.

amira uses and writes the information of the atom and bond blocks.
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9.4 PDB

PDB is a file format for storing structures of biomoleculekeTormat is used for archiving molecules
in the online protein data base. [http://www.rcsb.org/pdb

Supported records

amira uses most, but not all, information supplied in a PDB file. Téiowing record types will be
parsed:

HELIX SHEET TURN SITE MODEL ENDMDL ATOM HETATM TER CONECT END
The rest will be skipped.

When saving a structure, the following record types will béten:
HEADER TITLE AUTHOR

SEQRES HELIX SHEET TURN SITE SSBOND

ATOM HETATM TER CONECT MASTER END

amira supports PDB files that follow the conventions of PDB formatsion 2.0 or higher.
How to identify PDB groups in amira

In amira all levels (atoms, residues, bonds , ...) contain a set oftinétion fields called attributes.
Every level contains the field ‘index’ which is an internadidifier that does not necessarily correspond
to the succession of the groups in the file.

If the molecule has been read from a PDB file thenatwm 'name’ field is composed of the chain
name and the sequence number (columns 7 - 11) of the respAdi@Mecords. The field 'index’
only corresponds to the sequence number if the enumerdtjmatboatoms is continuous.

The ‘type’ field contains the information of the field nametbia name’ (columns 13 - 16) in the PDB
file.

The ‘name’ field ofchainscontains the chainlD (column 22) of the respectwi@&Mecord. HETATM
records whose chainlD field is empty will not belong to anyichiaamira. The chain name of atoms
belonging taATOMecords whosehainID  field is empty will be set to ‘NIL.

The ‘name’ field ofresidiuesis composed of the chain name and the residue sequence number
(columns 23 - 26). If the residue is a het-group, the namestalit with ‘HET".

The field ‘type’ contains the residue names (columns 18 - R@pne is given, the field will be set to
‘UNK’ (for unknown).

Example:
ATOM 441 CB VAL L 58 21.025 37.362 -2.515 1.00 8.15 1IGM 562

The atom will be known with name 'L441’ and comment ‘CB’. Itihdelong to the residue with name
‘L58" and of type ‘VAL which is sited on the chain with name’L

It is possible to save trajectories in the PDB format. Notyéwver, that this is inefficient due to the
redundancy of information of the atom records in each mouleye
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Possible problems

Some molecular modelling packages use slightly alterederttions for saving PDB files. If you
encounter any problems in reading such files please chedkltbeing section and adjust your files
as necessary.

amira can readeveral models of one molecule as a trajectoifthe different versions are separately
declared betweeMODELand ENDMDLlrecords. If there are several possible conformations in one
model (by using alternate location identificatoes)ira will read only the first version (that one with
thealtLocld  ‘A).

Molecules that are declared as models need to have the sanenaf atoms aamira will only read
the topology once. Only the coordinates are read in for eaubstep. If you haveeveral different
moleculesin one PDB file, you can separate themB)Drecords.amira will load every molecule
ended by afENDrecord separately, creating its own data object.

Theautomatic creation of bondsof peptide and RNA/DNA residues is done by comparing the atom
of the residues with a residue database. The method redgh&#egom names and the residue names
to follow the PDB standard. Sometimes third party programitevatoms like O3* as O3’. This will
preventamira from recognizing the atoms in the database. Connectiomgsleet consecutive residues
is done by checking the sequence of residues of each dBairds of non-standard residuesnust be
declared in the connect records.

Columns 77-78 should contain the element name of the atosorire PDB files, this field is empty or
contains other information. In this casemira uses the first two letters of the atom name to determine
the atom type. However, in special cases this is not uneqgalvd he field is not allowed to contain
non-numerical information.

All information in columns 79-80 is interpreted as the cleaod the atom. Thus, line numbers in this
field will lead to strange charge values.

You can get complete documentation of the file format at Httw.rcsb.org/pdb/.

9.5 PSF/DCD (CHARMM)

This is a format used by CHARMM. It consists of two files, on@taining the structural information
(suffix .psf), and one containing the trajectory, i.e., ttmacoordinates (suffix .dcd).

amira can read this format and translates the sections of the gshfd grouping levels.

9.6 Tripos

The mol2 file format is used to save Tripos Sybyl molecule informationSee more at
http://www.tripos.com/services.old/mol2/index.html.

amira uses and writes the information given in the molecule atodhlkaond records.
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9.7 UniChem

The UniChem file format (extensiomni) is used by the UniChem molecular modelling
software to save the structure of molecules and computdtiorsults. See more at
http://www.oxmol.com/software/unichem!/.

amira uses all structural information supplied in the COORDINAT&nd BONDS blocks. Files that
are exported bamira follow file format version 4.0 and can be used with the UniClsarftware.

9.8 ZIB Molecular File Format

Thezmffile format is a structured file format developed for exchaggholecular data.

This description is divided into two parts. First we deseribe general and context-independent file
structure. Second, we explain our structuring conventionsiolecular data.

Structured files

A structured file consists of a header and two sections: a péait section describing the file’s struc-
ture, and a binary section containing the actual data:

STRUCTURED FILE V0.1 BINARY_BE MOLECULE_TRAJECTORY

TYPE
struct {
atoms : array of struct {
id . integer x4,
name . string;
mass :real x4,
properties : integer * 4[8];
h
¥
DATA,;
......... binary data ...........

The file structure is similar to a structured data type in CAB@AL. There are two composite data
types @rray andstruct ), and three elementary data typéstéger , real , andstring ).
Finally there exists a special typextern ) for including other structured files.

struct  contains named fields of arbitrary heterogeneous type.

array contains numbered fields of the same type. Arrays are onefdiimnal only. Their size
can either be specified in the type declaration (Examaleay[3] of integer ) or in the data
section.
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real andinteger contain numerical, possibly multi-dimensional, data. Huenber of bytes in
an element may be specified using “*n”. At the moment only feltypes are allowed. The rank
(number of dimensions) must be specified in the type deatsraiThe number of elements in each

dimension may be specified in the type declaration or in tha skection (indicated by “.”). Example:
integer *4[4,.,3]

string  contains ASCII data of arbitrary length. Again the length ba specified in the type decla-
ration (Examplestring *22) or in the data section.

extern is a special kind of &tring . The length must be specified in the data section. The string
is interpreted as a structured file whose contents shouldeas part of the current file structure.

The data section is written as follows:
struct : The individual members are written in the given order.

array : The elements are simply written one after another. If thayesize is unspecified, it is written
in front of the array as a 4-byte integer.

string andextern : The data is written byte by byte. If the size is unspecifiethindata type, it
is prepended as a 4-byte integer.

real andinteger : Individual elements are written in the format specifiedhie file header (big
endian or little endian). Floating point numbers are in IE&nat. Matrices are written in FORTRAN
order. If any dimension is unspecified in the data type, itristan as a 4-byte integer before the data.
If more than one dimension is unspecified, they (and only)tlaeg written before the data in their
natural order. If a dimension is specified in the data typis,tiever written in the data. Example:

integer[2,.,4] = [ [ [1,2,3.4], [5,6,7,8], [9,10,11,12] ],
[ [13,14,15,16], [17,18,19,20], [21,22,23,24] ] ]

is written as a sequence of 4-byte integers.
31135179212 146 18 10 22 3 157 19 11 23 4 16 8 20 12 24

The leading 3 specifies the dimension unspecified in the gp&a fThe 24 numbers that follow it are
the entries of the array.

Molecular data - a minimal file

When reading a structured file containing molecular dataira expects the file structure to have
certain elements. Moreover the file may have arbitrary authit elements, which will be ignored.
The minimal structure a molecular data file must supply is:

struct {
molecules : array of struct{
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name : string;
groupings : struct {
atoms : array of struct{
id : integer *4;
type : integer x4,
name : string;

h
b
trajectory : array of struct{
coordinates : real *4[3,.];
¥

h
typbase : struct {
atoms : array of struct{
id : integer x4,
name : string;
number : integer x4,
radius : real *4;

In the following we will use a notation inspired by C to denetements of the structure. gtruct s
field will be specified as thstruct  followed by a “.” and the name of the field. For array elements
we will write the array followed by brackets (“[]"). For exate, “molecules[].groupings.atoms]].id”
means the field “id” in an element of tlegray “atoms” which is a field of thestruct ~ “groupings”

which is a field of an element of tregray “molecules”.

The overall type of the file is struct  containing the fieldsnoleculesandtypbase moleculesis an
array of elements, each of which describes a molecuielecules[].namecontains the name of the
molecule.

molecules[].groupingsspecifies the topology of the molecule, i.e., which atom®ittains. Every
element ofmolecules[].groupings.atomslescribes one atom of the molecud¢oms].id is a unique
numerical identifieratoms[].typeis a numerical reference to a field in ttypebasedescribed below.
atomsl[].nameis a textual identifier unique with respect to all atoms. lised to specify this atom on
the command line.

molecules[].trajectory is an array with every element describing one time step of lcade trajec-
tory. trajectory[].coordinates has the same number of elementsredecules[].groupings.atomsnd
every element specifies a position for the corresponding ato

typbase is structured analogously tomolecules[].groupings Corresponding to
molecules[].groupings.atoms the array typbase.atoms holds information common to
atoms of the same type. Specifically, the type informationaof atom is stored in the
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molecules[].groupings.atoms[].typ&h element oftypbase.atoms

typbase.atoms[].idholds a numerical identifier that should be identical to tlement index. typ-
base.atoms[].namés a textual label for making the types user transpatgpbase.atoms[].number
andtypbase.atoms]].radiusare the atomic number and radius of an atom having this type.

Bonds

Bonds can be specified by adding an array nabwdisto molecules|[].groupings

bonds : array of struct{
id : integer x4,
type : integer x4,
components : integer *4[2];
index : integer *4;

k

bonds[].id is a unique numerical identifier which should be greater thap value specified in
atomsJ].id. Analogous toatoms[].type for atoms,bonds[].type specifies a numerical type for ev-
ery bond, although this information is not yet interpretgdaimira. The arraybonds[].components
holds the numerical identifiers of the two atoms connectethbybond.bonds[].index finally indi-
cates if it is a single (1), double (2), triple (3), or an ar¢imbaond (4). The value 8 indicates a bond
of unknown type.

Molecular data - a big example

The information stored in the described file format can bééit into different degrees of generality.
Information stored irtypbaseis specific to the molecular force field used in the calcufatieading
to a molecular trajectory. It would be redundant to stors thformation in every file for which the
same molecular force field was used. Thus it can be storedentaamfile, which is then referenced by
anextern declaration.

A similar mechanism applies if more than one trajectory iswated for the same molecule. The
topological information about atoms making up the mole@uid bonds connecting them will be the
same for all the trajectories. On the other hand, we do not wdile for every single molecule
topology. Thus our trajectory can reference another filéaiomg a multitude of molecular topologies
and just supply the time steps itself.

The following is an example realizing these concepts:
trajectory file:

struct {
typbase . extern;
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molecules : array of struct{

id . integer x4

observations : struct {
global_obs . string[.];

%

text . string[.];

name . string;

molbase . extern;

trajectory  : array of struct{
global_obs . real *4[.];
coordinates . real *4[3,.];

k
molbase file:

struct {

typbase . extern;

molecules : array of struct{
id . integer x4
observations : struct {

global_obs . string[.];

2
text : string[.];
name : string;

groupings . struct {

atoms : array of struct{
id . integer *4;
type . integer *4;
name . string;

h

bonds : array of struct{
id . integer *4;
components : integer *4[2];
type . integer *4;
index . integer x4,

h

dihedrals : array of struct{
id . integer *4;
components : integer * 4[4];
type . integer *4;

h
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residues : array of struct{

id . integer x4
name . string;
remark . string;
type . integer x4,
from_id . integer x4,
to_id . integer *4;
h
h
trajectory . array of struct{
coordinates  : real *4[3,.];
h
2
h
typbase file:
struct {
atoms . array of struct{
id . integer x4
type . integer x4,
name . string;
number . integer  *4;
periodic_row : integer *4;
mass : real *4;
charge :real x4
partial_bond_charge_increment : real * 4[2];
radius . real x4,
N_i s real x4,
Al s real x4
g_i D real x4
alpha D real x4
datyp . string;
properties . integer * 4[8];
equivalence : integer * 4[4];
2
h

Some yet undescribed features appear in this example. Ehésfthe possibility to supply scalar ob-
servables corresponding to the single time steps. Posaihles are different energies like kinetic and
potential energy. The names of the observables are readnfimetules[].observations.globabbs|]

in the trajectory file. Their values are storedmolecules|].trajectory[].global_obs][].
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Besidesbonds the file can contain arbitrary groups of atoms or groups ofigs. These groups are
organized in levels which appear here as the elememstgcules[].groupings

Every level is an array whose elements describe the patigubups. Every group is a struct with
the fieldsid andtype, and also fields specifying the contents of the groidpis numerical identifier
unique over all groups specified for the molecule. Specifictie identifiers in one level should be
consecutively numbered and bigger than all the identifiseslin the preceding levels.

There are two ways of specifying a group. The general wayspéeify all elements explicitly. In that
case, the group contains a fieddmponents[]containing the ids of all elements of the group. If the
elements of a group cover a consecutive sequence of idsuffisient to specify only the first and the
last id. In that case the group contains the fididen _id andto_id.

dihedrals are groups of four atoms connected by three bonds like a cEary such group defines
two intersecting planes. The angle of intersection is dafl@ihedral angleor torsion angle For
performance reasoranira will read dihedralsonly if the molecule has less than 500 atoms. Torsion
angles can be displayed with tiMoleculeView

residuesare groups representing the building blocks of a complexemdé, for example the amino
acids of a protein. All groupings can be used to color the md&ein theMoleculeViewor in the
BondAngleViewusing the generaloloring facilities
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Chapter 10

Large Data Pack

10.1 LDA

This is the native VolumeViz file format for storing hieraichl multi-resolution volume data, defined
by Mercury. It can be a single file (.Ida) or coupled with a filet In the latter case, the .Ida file

references the .dat file. This innovative technology allogvelering of extremely large data sets with
reliable interactive navigation even on relatively londenachines.

10.2 LargeDiskData

This is the nativeamira file format for blockwise access of image data stored on déskescribed
in LargeDiskData It supports read/write operations, multi-resolutionesscand saving of changed
parameters. The data is stored in a couple of files, e.g.:

visMaleCT
visMaleCT-SUPR.dat
visMaleCT-0001.dat
visMaleCT-0000.dat
visMaleCT-0002.dat

The first one is recognized lamira as an AmiraMesh file. It contains the parameters and a linkeo t
other files. It can be loaded intmira with the File Dialog The other files contain the actual image
data.

You can create such a fileset with t@envertToDiskDatanodule.



10.3 Stacked-Slices as LargeDiskData

Stack of image files can be loaded as LargeDiskData. Thisdiladt allows to read a stack of indi-
vidual image files with optional z-values for each slice. Shee distance need not to be constant. The
images must be one-channel images in an image format sepdoyamira (e.g., TIFF). The reader
operates on an ASCII description file, which can be writtethainy editor.

Here is an example of a description file:

# Amira Stacked Slices as ExternalData

# Directory where image files reside
pathname C:/data/pictures

# Pixel size in x- and y-direction
pixelsize 0.1 0.1

# Image list with z-positions
picturel.tif 10.0

picture?.tif 30.0

picturel3.tif 60.0

colstars.jpg 330.0

end

The format of the file and the parameters you have to provieleescribed irStackedSlices

The image files are opened readonly. You cannot change thgeidiata but you can add or modify
parameters in the description file. The file will be loaded aa@eDiskDatabject.
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Chapter 11

Mesh Pack

11.1 AVS Field

This format provides a bridge betweamira and AVS, theAdvanced Visual Systesoftware. It
enables you to read and write data in the native AVS field forma

Note that AVS supports fields of arbitrary dimensions andwit arbitrary number of components
per node. For some combinations there are no correspoadiirg data objects. Thus, the following
restrictions apply:

e Only three-dimensional fields will be handled.

e AVS fields with a one-component data vector at each voxellv@lloaded as eegular scalar
field.

e Two-component fields will beconregular complex fields
e Three-component fields will becomegular vector fields

e Four-component fields will be loaded &G5BA color fieldsprovided they are defined on a
uniform lattice. If not, they are rejected.

e Six-component fields will be loaded aegular complex vector fields

e Since AVS does not suppastacked coordinatethese will be written as rectilinear fields and
therefore appear as such when reloadedamniira.

amira identifies AVS Field files by the file name suffiftd



11.2 AVS UCD Format

The AVS UCD Unstructured Cell Dataformat can be used to represent finite-element grids and as-
sociated data fields in 2 and 3 dimensions. Currentlgniira only 2D triangular cells, 3D tetrahedral
cells, and 3D hexahedral cells are supported. Grids witketleells types will be converted into objects
of type Surface TetraGrid or HexaGrid, respectively. Corresponding data fieldsbeéltonverted into
appropriateamira objects as well, provided the data is defined on a per-nods.b&ell data are
currently not supported.

Two variants of the AVS UCD format exist, an ASCII version andinary versionamira is able to
read and write both of thenamira identifies AVS UCD data files by the file name suffirp

11.3 FIDAP NEUTRAL

TheFIDAP NEUTRALdescribes 3D simulations on geometries consisting of 3boesrand a number
of geometry elements based on theamira can only read~IDAP NEUTRALfiles in plain ASCII
format containing 3D triangular/quad surfaces, and teiaél grids.

After describing the geometry, tHdDAP NEUTRALfile contains a number of time steps, each time
step specifying the same subset set of data sets defined 8D tiades (velocity, pressure, temperature
etc.). amira loads the geometry and then displays a dedicated moduksdd¢dIDAPControl which
allows the user to select the desired timestep. In this weeygetolution of the data in time can be
followed.

11.4 Fluent/UNS

The Fluentfile format is used for storing 2D and 3D geometries, such asructured finite-element
grids. The format is quite powerful. Currentimira only supportd=luentfiles in plain ASCII format
containing 3D triangular surfaces, tetrahedral or hexedieplids.

When exportind-luentfiles, additional information defined mmira’s surface or grid structures such
as the material section is saved as well. However, otheicgtigins won’t be able to read or interpret
these additional data.

Fluentfiles are identified automatically by analyzing the file heade

11.5 Hypermesh
The Hypermesh (TMjile format is used by théltair HyperWorksproduct family. The format de-

scribes 3D geometries consisting of 3D vertices and a nuoflmils based on thenamira can only
readHypermestffiles in plain ASCII format containing 3D triangular surfaceetrahedral grids, or
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so-calledtriab components (a special kind of traingles). If tetrahedrahponents are present, the
result of the import is a TetraGrid, otherwise it is a 3D soefa

Tetrahedral grids and 3D surfaces can also be exportegpermestHormat. Every 3D surface com-
ponent (patch) is saved with its interior-exterior matemames, separated by a "-”. However, it is not
guaranteed that other applications understand this codinggtrahedral grid is saved together with
its boundary surface. The patch structure of the boundafgiis retained. In order to separate the
boundary into different patches, the boundary conditi@ck interpreted. The material ids of every
tetrahedron are also saved.

amira identifiesHypermestiles by the extensionsim or .hmascii . The decision whether the file
contains a 3D surface or a tetragrid is made after reading@aalyzing the content.

11.6 IDEAS universal format

Thel-DEAS universafile format is a general format originally used by SRDC's |&&EMaster Series
software to encode CAD/CAM models and FEM simulation ressulhe format is able to store lots of
different data entities and FEM cell types.dmira the following subset of so-callathiversal dataset
numberds supported when importing I-DEAS files:

e 15: Nodes with single precision coordinates.
e 781, 2411:Nodes with double precision coordinates.

e 71,780, 2412:Cell definition. Lines, triangles, quads, tetrahedra, hexiaa, and prisms with
linear shape functions are supported. Quads are decompigeadangles. Prisms are decom-
posed into triangles as well. Hexahedra are decomposetkitnehedra if tetrahedra or prisms
appear toogmira currently is not able to handle meshes with mixed elemergdy elements
with higher-order shape functions).

e 55, 2414:Data at nodes.

The common file name extension of this formatlisv . Forl-DEASfiles with some other extension
the file format has to be specified manually via the popup méthedile dialog. Surfaces, tetrahedral
grids, and hexahedral grids can also be exported inteCBAS universafile.

11.7 Plot 3D Single Structured

Plot3D is a simple binary file format, to represent struaumervilinear grids and scalar or vector fields
defined on these grids. This format originates from the BlgiB®gram developed by Pieter Buning at
NASA Ames.

To read data in this format, you have to sele@ri file, and optionally additionadcalar, vector, or
solutionfiles. The preferred file name suffix for Plot3D files.®d . In order to load Plot3D files
from the command line udead -plot3d
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To write a data object in Plot3D format first create the grigltiy choosingPlot3D Grid Filein amira’s
file dialog. Then write the data itself by choosiRipt3d Data File From the command line you may
usesave -plot3dgrid andsave -plot3ddata , respectively.

In detail Plot3D files must have the following structure @hary 32-bit big endian format):
Grid File:

3 integers:
[IDIM, JDIM, KDIM]

IDIM x JDIM x KDIM (call this product NPOINTS) floating-poin t X coordinates (bracl
indicate one record):

[x1,x2,....xNPOINTS,

NPOINTS floating-point Y coordinates:
y1,y2,...yNPOINTS,

NPOINTS floating-point Z coordinates:
z1, z2,...,zZNPOINTS]

Solution File:

3 integers:

[IDIM, JDIM, KDIM]

4 floating-point conditions:
(free-stream mach number, angle-of-attack, Reynold’s num ber, and integration time)
[FSMACH, ALPHA, RE, TIME]

IDIM x JDIM x KDIM (call this product NPOINTS) floating-poin t Q1 values (brackets
one record):

(Q1 is density (RHO))

[11, g12,...,gINPOINTS,

390 Chapter 11: Mesh Pack



NPOINTS floating-point Q2 values:

(Q2 is x momentum (RHO =*U))
021,922,...,q2NPOINTS,

NPOINTS floating-point Q3 values:

(Q3 is y momentum (RHO *V))
031,932,..., g3NPOINTS,

NPOINTS floating-point Q4 values:

(Q4 is z momentum (RHO *W))
041,942,...,q4NPOINTS,

NPOINTS floating-point Q5 values:

(Q5 is total energy per unit volume (E))
051,952, ...,g5NPOINTS]

Scalar File:

4 integers:

[IDIM, JDIM, KDIM, 1]

IDIM x JDIM x KDIM (call this product NPOINTS) floating-poin
[f1, f2, ..., fINPOINTS]

Vector File:

4 integers:

[IDIM, JDIM, KDIM, 3]

IDIM x JDIM x KDIM (call this product NPOINTS) floating-poin

[fx1,fx2,...,iXNPOINTS,

Plot 3D Single Structured

t F values:

t F values:
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NPOINTS floating-point FY values:
fyl,fy2,....,fiyNPOINTS,
NPOINTS floating-point FZ values:

fz1,fz2,...,fZNPOINTS]
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Chapter 12

DICOM reader

12.1 ACR-NEMA

The ACR-NEMA file format is the predecessor of the DICOM stamtfile format for medical im-
ages.amira can import both old ACRNEMA files and new DICOM files. Actually, both formats are
interpreted by the same reader. Therefore, for more infoomalease refer to the documentation of
the DICOM reader In contrast to DICOM files ACRNEMA files can not be exported mira.

12.2 DICOM

The DICOM data format and its predecessor the ACR-NEMA fdrimge widely used to ex-
change medical image data, provided by various modalitd€OM stands forDigital Imaging in
Communications an®l edicine, and it was originally designed as pure transfen&dibetween imag-
ing modalities and image retrieval systems (client/sgrv@ihe data stream has a so caltedged
format, with a variable amount of tags (DICOM data elemeriEsg)ch element is defined by a unique
group-element identifier. These group-element pairs avaya sorted in ascending order within the
DICOM data stream.

In amira the import of sequences of axis-aligned CT or MRI imagfesedin DICOM or ACR-NEMA
format is supported. It will be checked whether the spacietyvben subsequent slices is constant or
not. In the first case an image stack with uniform z-coor@isds created, in the latter one so called
stacked coordinates are used. Nonuniform stacks can bg easverted into uniform stacks using the
arithmetic module Both image stacks, either uniform or stacked, can be segersing thémage
segmentation editoSuch labeled data can be converted into polygonal modglg tiee SurfaceGen
module, and furthermore into tetrahedral models usingigteaGermodule.

When reading DICOM or ACR-NEMA image stacks, all files of thatal volume must be se-
lected simultaneously within the file browser. This is doneselecting each file with a mouse



click holding the control key down or by clicking the first filend then shift-clicking the last
one. amira automatically identifies files in DICOM or ACR-NEMA format the file name suf-
fix is .dem, dc3, .ima or .ani , if the file name matches a DICOM unique instance ID, e.g.,
1.3.12.2.1107.5.1.2.20395.19980429... ,or if the DICM sequence can be found at byte
position 128 within the data stream. Individual files arecaudtically uncompressed if they were
compressed usingzip orcompress , and if the file name ends with the suffgz or.Z .

& lLoad File Wl&l
Look v |25 Wi/DICOM_Sample_Data v
~

Size Date Fomat
01.401/80 00-00:00
101558 1214/04 1932:33 DICOM
101954 124404 1932:33 DICOM
101958 12714404 1932:33 DICOM
101358 12114/04 1932:33 DICOM
101958 12414/04 193233 DICOM
101958 12414404 1932:33 DICOM
1013988 121404 193233 DICOM
101958 12/14/04 193233 DICOM
101954 124404 1932:33 DICOM
101968 1214504 19:32:23 DICOM

101556 1214/04 1932:33 DICOM
101558 12A4/04 19.32:33 DICOM
101958 12414404 193233 DICOM

L0013 101358 121404 193233 DICOM b
File name: | BRAIN.0165.dc3

Figure 12.1 Selecting multiple DICOM files in the file dialog.

After chosing files from the file selection dialog, a list ofdges is displayed within the DICOM loader
dialog view (see below), which allows you to adjust seveesbmeters for image stack generation.
This intermediate step is necessary because the convefseguences of DICOM images into image
stacks can be ambiguous, although in many cases the stasattinds will produce the desired results.
The evolution of the ACR-NEMA/DICOM file format is fast andiking. However, the primary goal
of reading image stacks intamira is the consistency of the entire data volume. The Loader has
to handleretired data elements, differettansfer syntaxesexplicit or implicit value representatign
image compressigrandmulti-frame datato name a few specialities. Furthermore, the availability
of certain tags is not always guaranteed, and so-callieete data elements can be added at will by
any creating instance. Further information on the DICOM @&afla format can be found in NEMA:
Standards Publications PS3.x

The DICOM Load Dialog

After selection of DICOM/ACR-NEMA files from the file seleoti dialog, all images stored within
these files are listed within the DICOM Loader dialog. The g@s are initially sorted by location
in ascending order. Images of different studies are grouedseparate image stacks. Each stack
is represented by a stack symbol and the patient’s nameildble Stacks with equally distributed
images are depicted with a uniform stack symbol, and stagksvariable spacing have a non-uniform
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stack symbol. Single slices are represented by image icthswhe list view. Clicking on a stack or
on one of its images will display additional information hrettop area of the dialog’s view. To preview
an individual image, right click on it and seldatage PreviewWrom the popup menu.

A DICOM Loader

Options  Columns  Help
1 slack pabient name: BRAIN
168 images pabent id 12345/56753
modalky: 5C
maga stack w dica location | T image number v file name v loadindex A
= = BRAN
0 0 BRAIN D000 de3 0
1.00524 1 BRAIN.OOON.dc2 1
201047 2 BRAIN. 0002 de3 2
301571 €] BRAIN.DO0Zdc? 3
40209 4 BRAIN. D004 dc3 4
500618 5 BRAIN D005 de? 5§
603142 3 BRAIN.DO0E.dc? &
T036ES 7 BRAIN. 0T de3 7
204189 g BRAIN.DO0E de3 8
304712 ] BRAIN.D009.dc2 9 &
< >
Stack Break Crieria [ ok ][ Cancal

Figure 12.2 The DICOM load dialog.

Sorting order and policy can be modified by clicking on theuowh headers or by moving columns
from one position to another. The order of the columns’ pdecee defines the significance of the
sort keys. Clicking on a column’s header toggles the sodinigr between ascending and descending,
depicted by an arrow within the column’s header. The leftnsokimn has the highest priority. Rows
with equal contents, e.g., equal slice locations, can bewstdd depending on the order and contents
of all remaining columns.

Sorted sequences of images are automatically broken itistacks when certain image parameters
do not coincide, i.e., the image/pixel size or the bits/sasmper pixel vary. Furthermore there are
stack criteria like patient name, patient id, series insamd etc. that are supposed to enforce stack
consistency but can be overridden or additionally be sehbyser.

Building image stacks for 3D reconstruction requires uriger-slice locations, thus image stacks
of a single study are automatically broken into substaclkhufflicate slice locations occur. This is
especially the case when large areas were scanned in setegpal Such duplicate slices can be
removed by right clicking on the image row, choosiagove imagéom the popup menu. Remaining
images are automatically combined to one stack if they ateaffected by any other stack break
criterion. Stack break criteria can be modified or disablé@tiwthe dialog that is displayed after you
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& DICOM Loader

Options  Columns  Help
1 slack patient name: BRAIN
166 images patient il 12345/56753
modality: SC
mage stack E:::Eisimhcdim _|  image numbes | v file name v loadirdern A
= E BRAIN
] a BRAIM 0000.dc3 0
1.00624 1 BRAIM 0001 823 1
201047 2 BRAIN 0002603 2
amsn 3 BRAIM 00043 3
4 02095 4 BRAIN 0004 43 4
502618 5 BRAIM. 000563 &
6042 B BRAIM 000G 3 &
7.03665 7 BRAIM. 0007 43 7
804189 8 BRAIM 000203 8
90473 k] BRAIM 00043 9 b
< >
Stack Break Crkeia [ ok [ cames |

Figure 12.3 Reordering columns in the load dialog.

press theStack Break Criteridoutton on the DICOM Loader.
The slice location options are defined as follows:

e ignore: Do not use the slice location as the criterion to break theksta

e constant: Within a stack, slice location must be constant. In this cdsestack would be, for
example, a time stack instead of a volume stack.

e monotonic: For two consecutive slices, the slice location must be etuat greater/smaller
than the previous throughout the entire stack. Stacks mag tneo slices at the same location
and slice distance may vary.

e strictly monotonic: For two consecutive slices, the slice location must be grésahaller than
the previous throughout the entire stack. No two slices nasetihe same location, but slice
distance may vary.

e linear: Slice distance must be equal.

Similar options are available for other numerical staclakreriteria.

Load options can also be removed completely by choosinggheogriate column, right clicking on
the column’s header and selectimgnove columifrom the popup menu showing up at this point. Op-
tions are disabled whegnoreis selected from the Stack Break Criteria dialog. After ardification

of load options, the new settings can be applied to the lishafes by either pressing tAg@plybutton
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@ DICOM Stack Break Criteria ?X

sce focatn
image number ) ignore
file name
load index (O constant
() monotonic
() stricty monat.
) linear
Slice Location
Tolerance for uniformity: *
Apply [ QK ] ’ Cancel ]

Figure 12.4 Dialog for specifying stack break criteria.

or accepting all options by leaving the dialog wiiK. Any changes are immediately visible through
rearrangement of the images and stacks within the list view.

Initially the major stack criteria, like slice location, age number, patient name, patient id, series id
and date, as well as the file name and the load index, are shodifférent columns. If any of the
parameters remain constant for all images (except the Islczgion), the respective column will not
show up. Columns can be manually removed by clicking on thenao’s header with the right mouse
button and chosingemove columifrom the popup menu. New columns can also be added to the list
view.

Imagine that you were loading a time series of images shogémdiac motion or the distribution of
nuclear tracers. The location could be the same for all im&ge there might be another parameter
of interest describing the order of acquisition. Usuallg tthage number or even the file name will
suffice to represent such an order, but there are other pteesieat might be of interest, too. Clicking
on any image row with the right mouse button shows a popup mdrare the menu optioBICOM
parameterswill open up a list of all DICOM data elements for the belorggimage series.

The parameter list is sorted by the group-element pairs sxithed in theDICOM format It can be
sorted by element description or parameter values as welkgdsily finding a certain data element.
Any parameter can be appended as stack criterion by pretsigld button. Moving this parameter
column to the first position will break sequences of imagesating to the load option in effect, which
can be eitheconstantfor alphanumeric values or incrementing for numerical galu

If you would like to force all images into one stack of a givemtsg order, remove all insignificant
columns or set their load options tgnore. This will only fail if any of the stringent stack criteria
(image size, etc.) varies. If the sorting order conflictshwitie order of slice locations, or no slice
locations are given at all, you will be prompted for the positof the first image within the list view
and the spacing between two adjacent images. Note that theways result in stacks with uniform
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@ BRAIN.0000.dc3

Element | Description Content
184

0002:0007 meta inf. version
0002:0002 media SOP class UID 1.2.840.10008.51.4.1.1.7

0002:0010 transfer syntax VD 1.2.840.10008.1.2.1
0002:0012 implem. class UID 1.361.41.11884
0002:0013 implem. version name Amira

0008:0000 group length 202

0008:0014 inst. creator UID 1.36.1.4.1.11884
0008:001E sop clazs uid 1.284010008.51.41.1.7

0002:0003 media SO inst. UID 1.3.6.1.4.1.11834.7530.0.20041214.163233.125.2818875296.571

b

Figure 12.5 Dialog listing all DICOM parameters.

image distribution.

The DICOM Save Dialog

amira is able to export 3D images with uniform or stacked coordisatonsisting of either 8-bit or
16-bit values in the DICOM 3.0 format. If the data set to beagd originally has been read from
DICOM files, the DICOM attributes (which are stored in thegraeter section of a data object) will be
exported too. Otherwise, default values for the requiretbates will be used. The image dimensions,
the voxel size, and the slice location are written correictigny case.

When writing a 3D image in the DICOM 3.0 format, the DICOM salralog pops up, allowing you
to define certain attributes of the exported files, such asgrihge modality.
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Chapter 13

Madymo reader (TNO)

13.1 Madymo

MADYMO from TNO Automotive is a software package used to diate the dynamic behavior of
mechanical systems, such as automobile crash situatiarsi{ody and finite elements techniques).

The MADYMO kinematics format (.KN3) describes 3D animation of georoentities such as ellip-
soids, planes, etc. It contains static as well as time-dépatrinformation.

After describing the static geometry, the MADYMO file comtsia number of time steps, each time
step specifying further positions, orientations, etimira loads the geometry and then displays a
dedicated module callddadymoContrglwhich allows the user to select the desired time step. & thi
way, the evolution of the data over time can be followed. THEDMMO reader creates a data module
containing Open Inventor geometry data that can be disglagag an IvDisplay module.

This reader currently supports MADYMO version 6.0.
Note that this reader is available as a separate optiordimira.

13.2 Madymo Time-history

Madymo, from TNO Automotive, is a software package usednute crash situations (multibody
and finite elements techniques).

The Madymo Time-history files contain time-history output from Madymdhe Madymo Time-
history reader creates a SpreadSheet data module cowgtairfirst column "time” and one column
for each parameter:channel in the time-history. This datake displayed using a TimeHistoryPlot
module.

This reader currently supports Madymo version 6.0.



Note that this reader is available as a separate opticanfina.
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Chapter 14

Mecalog Radioss reader

14.1 Radioss

Radioss from Mecalog is finite element analysis softwarel fise for instance, crash simulation.

The Radioss format (.RAD) describes 3D animation of geometric entitesl associated scalar or
vector data. Simulation results comes as a set of files. Téeaan use eithdroad.. or Load time
series...in order to load several time steps. This will create a modinge SeriesContralihich allows
the user to select the desired time step. BeaSeriesContrdbr more information.

Usage:

e [XxxxY000.RAD] - initial output file (optional)
e xxxXYnnn.RAD - result output for time step nnn

The reader also requirexx.RAD to be present in the same directory as the loaded files. This fil
stores the definitions for parts (/PART/) and possibly stthh§SUBSET/).

If xxxY000.RAD is explicitly loaded, a set of initial surface/grid/lines éreated without attached
fields.

With Load... with a single result file, a set of surface/grid/lines is tedawith attached fields. For
lines, node data is directly stored in the HxLine moduleadat O stores the node id, datasets 1n...,
correspond to node data in order (see console messages).

With Load time series.a unique set of surface/grid/lines is created. Do not séedhitial output file
xxXY000.RAD when using the time series option. Otherwise, it is not fms$o interpolate between
subsequent time steps.

Selecting multiple files with théoad... command does the same, except that the initial state read
from xxx.RAD is inserted as an initial time step (time 0). In this caseY000.RAD should not be



selected.

The Radioss reader can "group” the data objects read by Usatigightness”. This is enabled by Tcl
variableradiossForceTightness (set by default in radioss.hx).

This reader currently supports the Radioss version 4.1kIABE format. The following element
types are interpreted: SOLID, QUAD, BEAM, SPRING, TRUSSEEH, SH3N, ADMAS, CLOAD,
RWALL, RWALLCYL, CYLJOINT, RBODY, ACCEL, SECT. Only GRNODNODE groups are in-
terpreted.

Note that this reader is available as a separate optiondimira.
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Chapter 15

Amira

15.1 AnnaScalarField3

This data class represents a user-defined 3D scalar field basa regular grid. It provides a port
Expressiorby which an arithmetic expression depending on uniformédah coordinates x, y, z can
be entered that defines the value for each point of the uné.clibe range of values with respect to this
(default) domain is indicated &omponent Range\ data object of typénnaSccalarFieldBas two
additional input ports that can be connected to other dgttdrepresenting scalar fields on a regular
grid, e.g., to image data objects. The predefined variablesdb are available for referencing such
connected data objects in the arithmetic expression, taysarxscalar field depending on other regular
scalar fields can be defined. Whenever an expression evaluatiriggered to compute the value for
a point (x,y,z), the variables and/orb will be be substituted by the corresponding input valuesat t
same point (x,y,z). For instance the value at a single poay be obtained by attachingRointProbe
module to theAnnaScalarField2lata object and entering the point’s cordinates byGberd port of
that module.

An expression consists of variables and mathematical agiddboperators, the syntax is basically the
same as for C expressions. The following variables are awlafined:

e X: the x-coordinate of the current point
e y: the y-coordinate of the current point
e z: the z-coordinate of the current point

If data objectsScalarField Aor ScalarField Bare connected to poliputAresp.InputBthe following
variables are also defined:

e a: the values of input object A
e b: the values of input object B



The same C style mathematical and logical operators as wélliit-in functions that are availabe for
arithmetic expressions can be used here Ag@bmetic module description.

Connections

InputA [optional]
Optional scalar field.

InputB [optional]
Optional second scalar field.

Ports
Expr
‘& Expr: IH"H Yy ‘

Input field for arithmetic expression defining the scaladfiedlues.

15.2 AnnaVectorField3

This data class represents a user-defined 3D vector fieldl loasa regular grid. It provides porks

Y, Z by which arithmetic expressions can be entered that defaedmponent mappings with respect
to uniform Cartesian coordinates x, y, and z. The (defawlithdin is the unit cube, thus for each point
(x,y,2) in it, the associated vector (X,Y,Z) is given by stdunctions X(x,y,z), Y(X,y,z), and Z(x,y,z)
which can be specified by the user in the same way as a fundti@HxAnnaScalarField8ata object.

The range of vector magnitudes, defined as Euclidean vdetayths, is indicated ddagnitude

A data object of typeHxAnnaVectorFieldzhas three additional input ports namkgbutA InputB,
InputC that can be connected to other data objects representifay scavector fields on a regular
grid. There are some predefined variables for referencing sonnected data objects in the arith-
metic expressions, namedy b, c for scalar fields anéx, ay, az bx, by, bz cx cy, czfor x-, y-,
resp. z-components of vector fields. This way a vector fieftedding on other regular scalar and/or
vector fields can be defined. Whenever an evaluation of tlee texpressions is triggered to compute
the vector associated to a point (x,y,z), each of the vagbientioned that occurs in them will be
substituted by the corresponding input values at the sanm pgy,z). For instance the component
values of a vector associated to a single point may be oltdipettaching @ointProbenodule to
the HxVectorField3data object, entering the point’s cordinates by @word port of that module and
setting theVectortoggle toall.

An expression consists of variables and mathematical agiddboperators, the syntax is basically the
same as for C expressions. The following variables are awlajined:

e X - the x-coordinate of the current point
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e y - the y-coordinate of the current point
e 7 - the z-coordinate of the current point

If a scalar data object is connected to any of the popsitA InputB, InputCa corresponding variable
for access to the data values is also defined, namely:

e a- the values of input object A
e b -the values of input object B
e C-the values of input object C

If a vector data object is connected to any of the plonpsitA InputB, InputCcorresponding component
variables for access to the data values are also defined)yname

e ax, ay, az- the xyz vector components of input object A
e bx, by, bz - the xyz vector components of input object B
e CX, CYy, cz- the xyz vector components of input object C

The same C style mathematical and logical operators as wbllit-in functions that are availabe for
arithmetic expressions can be used here Ag@ameticmodule description.

Connections

InputA [optional]
Optional scalar or vector field.

InputB [optional]
Optional second scalar or vector field.

InputC [optional]
Optional third scalar or vector field.

Ports
X
& %[ |

Input field for arithmetic expression defining the x-compatrfeeld values.

Y

ERE |

Input field for arithmetic expression defining the y-compatfeeld values.
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Z

‘3 z.[05

Input field for arithmetic expression defining the z-compurikeld values.

15.3 B-Splines

Free-form curves that are defined by their polynomial degreka sequence of control points. They
can be created or modified by tiirveEditor

A curve is displayed by the modulgneSetView

15.4 CameraRotate

This object can be created from the main windo@reatemenu. It lets you rotate the cameras of all
viewers activated in the object’s viewer mask. This is ulseforder to create simple animations. The
animations can be stored in MPEG movie files by attachiMpaie Makermodule to this object. More
complex camera animations can be created usin@#meraPattobject and itsassociated editor

Connections

Time [optional]

Optional connection to some other object providing a tim&se. This allows you to synchronize
multiple time-dependent objects.

Ports
Time

& Tme: [T T [l |

The current time value. Changing the time modifies the casnierall viewers activated in the
object’s viewer mask, i.e., with the orange viewer maskdiulieing set.

Action

|§ Action:  recompute | [ 2-2nds -] ‘
This port lets you specify the orientation of the cameratiota \Whenever theecomputeutton is

pressed or a new menu option is selected the camera patloigpeted, i.e., the center of rotation
and the radius are determined by analyzing the camera in deviewer.
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15.5 Cluster

Data objects of typ&lusterare used to represent sets of 3D points with additional dataiMes
associated to them. For each point, at least the x-, y-, amwbrdinates as well as an additioichhre
stored. Thead is an arbitrary number which can be used to identify corradpw points in different
data sets. Note that thd is to be distinguished from thiadex of each vertex which refers to the
internal consecutive numbering of the vertices.

For each point an arbitrary number of additional data colsimay be defined. The elements of a data
column may be stored as 32-bit floats, as 32-bit integerss 8¢lait characters. Each data column also
has a string specifying its name. Data columns are consetytiumbered starting with 0. Optionally,
a symbol may be defined, which is used to denote the column grithmetic filter expression as
provided by the module€lusterViewand ClusterDiff.

Finally, for each data point one or more text labels can beipd. As with data columns, label
columns have a nhame and are consecutively numbered staitin@. Labels can be displayed using
ClusterLabelView

Commands

computeBounds
Computes the bounding box of the cluster.

computeConnectivity

Computes connectivity information required to display i®between neighboring points. Bond
detection does not take into account any chemical infolnatinstead, merely nearest neighbors
are computed. Each point may have at most 12 such neighinaaddition the length of the longest
bond of a point may not be larger than 1.4 times the lengtheshortest one.

addPoint <x> <y> <z>

Adds a new point to the cluster. The arguments are the threelicates. The new point will be
assigned the id 0. The command returns the index of the newt.poi

removePoint <index>

Removes a point from the cluster. Timelexis passed as argument.

resetlds

Resets the ids of all points so that they are equal to the cégpgoint indices.
setld <index> <id>

Sets the id of the point specified bydex

getld <index>

Returns the id of the point specified mdex

getindex <id>

Returns a list of the indices of all points with the specifiédThis method peforms a linear search
over all points and thus is slow.
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clear
Deletes all points and sets the number of data columns to zero

setNumbDataColumns <number _of _columns>

Set the number of data values that are stored for each pdietniimber of data columns is passed
as argument. If the number is less than the number of exidtitg columns, trailing columns are

removed. If the number is greater than the number of existatg columns, empty columns are
added.

getNumDataColumns
Returns the number of data columns, i.e., the number of ddtes per point.

setDataValue <column> <index> <value>
Sets the value of a point in a data column.

getDataValue <column> <index>
Returns the value of a point from a data column.

setDataColumnName <column> <name>
Sets the name of a data column.

getDataColumnName <column>
Returns the name of a data column.

setNumLabelColumns <number _of _columns>

Create and add label columns. The number of label columrasisaal as argument. If the number
is less than the number of existing label columns, trailinpmns are removed. If the number is
greater than the number of existing label columns, emptyrmak are added.

getNumLabelColumns
Get the number of labels that are stored for each point.

setLabelValue <column> <index> <string>
Sets the label of a point in a label column.

getLabelValue <column> <index>
Returns the label of a point from a label column.

setLabelColumnName <column> <name>
Sets the name of a label column.

getLabelColumnName <column>
Returns the name of a label column.
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15.6 ColorField3

An RGBA color field is a regular 3D field with 4 data componengs poxel. Each data component
is an 8-byte value. The first 3 components are interpreteédsgreen, and blue color values. The
fourth component represents an opacity value (alpha).rGields usually have uniform coordinates,
i.e., equal slice distances in all directions, but otherrdomte types are possible as well.

Color fields can be visualized using the slicing moduesioSliceand ObliqueSlice They are espe-
cially useful in combination with &bltex module for direct volume rendering. Since the color field
stores an RGBA tuple for each voxel, no additional trangfecfion is required. This allows you for
example to visualize different data sets in a single voluemelered image at once. The conversion of
one or multiple scalar fields into a color field is accomplsheing theColorCombinemodule.

Commands

alphaAverage [min] [max]

Sets the alpha value of all voxels equal to the luminanceR®8%0.59*G + 0.1*B, i.e., brighter
objects become more opaque. If min and max are specifiedfgtha ahlues are scaled so that they
fill this range. By default min and max are 0 and 255, respelstiv

alphaSet <alpha>
Sets the alpha value of all voxels to the specified value.

alphaThreshold <luminance>
Sets the alpha value of all voxels with a luminance smallen tihe specified value to 0. The alpha
of all other voxels is set to 255. Luminance is computed as0+30.59*G + 0.1*B.

swapRGBA
Swaps ABGR tuples into RGBA tuples or vice versa.

15.7 Colormap

A Colormapis a sequence of RGBA-tuples, where every tuple specifedon by a red, green and
blue value in thdRGB color modelEach value ranges from 0.0 to 1.0 and is represented by afjoat
point value. A fourth value, the so-called alpha value, defopacity It also ranges from 0.0 to 1.0,
where 0.0 means that the color is fully transparent, anditthe color is fully opaque. A colormap
usually stores 256 different RGBA-tuples, but other sizeseven procedurally defined colormaps are
possible too.

Beside the raw RGBA values, the colormap also storexwardinatesiefining a range used for color
interpolation. Color lookup requests for an argument sendéiflan the minimum coordinate evaluate to
the first colormap entry. Requests for an argument greader tthe maximum coordinate evaluate to
the last entry.
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Connections
Datafield

Connection to a data field from which the min-max values ofdblermap are taken.

Ports
Colormap
[8h DT s |

This port displays the contents of the colormap. Transpgamdoes are drawn over a checkerboard
background. The coordinate range can be edited via the trdiédds left and right from the
graphics area.

Min-Max
|& Min-Max: {~ asis % dataminmax (© grow range & datz window |

This port is only visible if an input is connected to pbratafield If this is the case andata min-
maxis selected, the coordinate range of the colormap is autoafigtadjusted so that it matches
the min max values of the connected data fieldgrtiw rangeis selected, the coordinate range is
enlarged if the min max values of the connected data fielefaBide the current range. The option
data windowbecomes active only if the connected data field containsanpeteDataWindow If
the option is selected the coordinate range is set to thersgperified by thBataWindowparameter
(see also SectioR? (Parameters)).

Shift range

|8 stift range: [ A lo |

This slider allows you to shift the range assumed for a coteuetata field. Instead of the true min
max values, shifted values are used if the value is diffeérent 0.

Scale range

‘a Meringe:ll &h |

This slider allows you to scale the range assumed for a coedieata field. Instead of the true min
max values, scaled values are used if the value is different 1. The scaling is applied relative to
the shifted center of the range. The shifted and scaled naitiggways be clamped to the original
range. The shift and scale ports are useful for investigatisubrange of a data set in detalil.

Commands
Inherits all commands dPata

setMinMax <min> <max>
Sets the coordinate range of the colormap.
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minCoord
Returns the lower bound of the coordinate range.

maxCoord
Returns the upper bound of the coordinate range.

isTransparent
Checks whether the colormap contains transparent valusstor

getRGBA <u>

Returns the interpolated RGBA values for the parametier, which is a value between 0.0 and 1.0.
The value 0.0 corresponds to the first colormap entry, whidecbrresponds to the last colormap
entry.

getRGB <u>
Similar to the above command, but returns only three valR&H, not alpha).

makeSteps <numsteps>
Discretizes the colormap so that onflyumstepsgifferent colors remain.

setinterpolate {0]1 }

Turns interpolation on or off. When interpolation is on, t@ors of two neighboring colormap
entries are interpolated when a color is looked up. Whempotation is off, the color of the nearest
colormap entry is returned. This is useful if a colormap rfiediwith themakeSteps command
is used.

getinterpolate
Checks whether interpolation is on or off.

makeRandom
Replaces all colors of the colormap by random values.

makeVolren <r> <g> <b> <power> <huewidth>

Replaces the colormap by something useful for volume rénglef he first three arguments specify
the base color of the colormappower¢ denotes an exponent used to compute an alpha curve. If
thisis 1, the colormap goes linearly from fully opaque tdyftlansparent<huewidth> indicates

the width of the color spectrum around the base color betWeserd 1.

interpol <mapl> <map2> <u>
Replaces the colormap by the weighted average of two otHermmaps<mapl> and <map2>.
The interpolation parameteu> should be chosen between 0 and 1.

15.8 Data

This is the base class of @mira data objects. Data objects are usually represented by greesin
the Pool. In contrast to modules, data objects can be diptieénd saved to a file. They also provide
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a hierachical list of parameters or attributes. This list ba edited using thearameter editor

Commands
Inherits all commands aDbject

touch

Touches the data object, marking it as modified. When theaoré&tis fired modules connected to a
data object will only be invoked if the data object was modifie

duplicate
Duplicates the data object and returns the name of the dptiobejct.

save [format filename]

Saves the data object. If no arguments are specified the cothdues the same as choosbave
from theFile menu, i.e., it saves the object under the same name as it wed Isafore. Otherwise,
a format and a file name must be specified. The format shouldhdeame of a format as it
is displayed in the file dialog’s file type menu, e.tAmiramesh ascii" or "HxSurface
binary" . When an object is saved its name is replaced by a possiblyfieshdersion of the
filename. The command returns the actual name of the objectitliias been saved.

parameters [options ...]

Provides access to the data object’s parameter list. Thisr@nd takes several different options
allowing you query and set parameters. A list of all foldeositaining parameters too can be
obtained usindist . The name of each folder is used to access that folder. Fongeato get a
list of all materials of a surface or of a label field, ysmgameters Materials list

A parameter value can be set ussgfValue <name> <value> , and it can be returned using
getValue <name> . For example, to set the color of the matefaiterior of a surface or of a
label field, usgparameters Materials Exterior setValue Color <color>

15.9 Field3

This class is the base class for all 3D fieldsamira, e.g., scalar fields, vector fields, or color fields
with uniform, stacked, or some other coordinates, or fodfielefined on unstructured finite-element
grids. This class provides a transparent interface to ataltne field at any position without needing
to know how the field is actually represented. This interfeae be accessed via the Tcl command
eval described below. A field may have an arbitrary number of datables which can be queried

using the Tcl commandDataVar . For example, a scalar field has one data variable, while @wvec

field has three.

Commands
Inherits all commands dfpatialData
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nDataVar
Returns the number of data variables of the field.

eval <x> <y> <z>

Evaluates the field at the positictx> <y> <z> . On success the command returns as many
numbers as there are data variables. The command may failsedthe specified position lies
outside of the grid the field is defined on. In this case thegttbmain error s returned.

getRange
Returns the minimum and maximum data component of the fiedfi€ld with more than one data
variable this is not the magnitude range of the field.

primType

Returns the primitive data type of the field, i.e., the way hbw/values are represented internally.
A number with the following meaning is returned: 0 = bytes, 16=bit signed integers, 2 = 32-bit

signed integers, 3 = 32-bit floating point values, 4 = 64-bifing point values, 7 = 16-bit unsigned
integers.

15.10 IvData

This is a simple data object which encapsulates an Open towepnene graph. The scene graph
can be displayed iamira using the modulévDisplay. However, it cannot be edited or processed
further. Insteadamira provides a separate data tyfarfacefor representing triangular surfaces with

connectivity information and with an optional patch sturet An Open Inventor scene graph can be
converted into ammira surface object using the moduleroSurface

15.11 LabelField3

Data objects of typkabelFieldare used to represent the result of a segmentation apple8@dimage
volume.

A LabelFieldis a regular cubic grid with the same dimensions as the uyidgrimage volume. For
each voxel it contains a label indicating the region thatireel belongs to. Use moduleabelVoxel
to create d.abelFieldfrom an image data stack. You can manually modibaaelFieldusingamira’s
image editorGl.

In addition to the labels themselved abelField may also containveightsindicating the degree of
confidence of the label assignment made for each voxel. Seayhts are calculated automatically
when you choose opticsub-voxel accuraciy LabelVoxel when you apply themoothing filteof G,

or when you resamplelaabelFieldto a smaller resolution using thileesamplenodule.

You can visualize d.abelField by attaching anOrthoSlicemodule to it. If aLabelField contains
weights, the porPrimary Arrayallows you to choose whether the labels or the probabilérego be
displayed.
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Connections
Master [unused]

ImageData [required]

Connection to the image data that the segmentation regfiisto. You cannot connect this port
to an image object with dimensions different from that of tizdelField except theLabelField
has been newly created via tReeatemenu. In this case, the LabelField will be resized so that it
matches the dimensions of the image object.

Ports
Primary Array

& Primary: I Labels VI

An option menu which only appears if th@belFieldcontains weights. In this case the menu lets
you select whether the labels or the weights are the primaty array. The primary data array is
the default array visible to modules expecting an ordinamyoum scalar field likeOrthoSliceor
Arithmetic.

Commands

hasMaterial <name>
Returns true if the specified material is defined in the maltegction of the.abelField

makeColormap
Creates a newolormapobject inamira’s Pool, containing the default colors of all materials o th
LabelField

relabel
Computes new labels so that the materials are numbered §ecotive order starting from 0.

deleteAltData
Deletes the weight information if it is present.

15.12 LandmarkSet

This data type represents specific points or markers in 3Desph can be used to flag markers in
medical MRI images, or to specify pairs or n-tuples of cqurerling points in multiple data sets.

An empty set of landmarks can be created by typing
create HxLandmarkSet

into the amira console window, cf. SectioR?. Individual landmarks can be interactively added,
repositioned, or removed from a landmark set by means dfti@mark editor
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Commands

setNumSets <n>
Sets the number of point sets contained in this data objgmbnldreation a landmark set contains
one set of points. In order to represent pairs of correspaadints two sets are required.

getNumSets
Returns the number of point sets in this data object.

setPoint <index> <x> <y> <z> [<set>]
Sets the coordinates of the specified mariadex> in a particular set. Ikset> is omitted the
first set is used.

getPoint <index> [<set>]
Returns the coordinates of the specified mariadex> in a particular set. Ikset> is omitted
the first set is used.

setOrientation <index> <x> <y> <z> <rad> [<set>]

Sets the orientation of the specified markerdex> in a particular set. Ikset> is omitted the
first set is used. The orientation is specified by an axis phusngle of rotation around this axis in
radians.

getOrientation <index> [<set>]

Returns the orientation of the specified markerdex> in a particular set. Ikset> is omitted
the first set is used. The orientation is returned as an axssgn angle of rotation around this axis
in radians.

appendLandmark <x> <y> <z>
Appends a new marker to the data object. The new marker wik iae same coordinates in all
sets.

removeLandmark <index>
Removes the specified marker from all sets, reducing the ruoflpoints by one.

swapSets [<setl> <set2>]
Exchanges the coordinates of the specified sets. If no angtsraee given the first and the second
set are swapped, provided both sets exist.

computeRigidTransform [<src-set> <dst-set>]

Computes a rigid transformation which move the points offthet set as close as possible onto
the points of the second set (the sum of the squared distérate®en corresponding points is
minimized). The result is returned as a 4x4 transformatiairixy, which for example can be used
to transform some other data object usinggbélransform  command.

translateCoords <x> <y> <z> [<set>]
Translate the landmarks of the specified set by the givedatisment vector. I€set> is omitted
the landmarks in all sets are translated.
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scaleCoords [-center <x> <y> <z>] <xscale> [<yscale> <zsca le>]

[<set>]

Scales the coordinates of the landmarks in the specifiedfseset> is omitted the landmarks in
all sets are scaled. The optional argumeenter  defines the center of the scaling operation. If
no center is specified the origin (0,0,0) will be used.

15.13 LargeDiskData

A LargeDiskData object is useful for large image data. lbwH to extract subvolumes loaded as a
usual field object. In this wagmira can manage data bigger than main memory. Note that only
uniform coordinates are supported.

A couple of fileformats might be loaded as LargeDiskDaa(raMesh Raw Data Stacked-Slices
LargeDiskData

To access the data you have to attachAaoessmodule. It provides an interface to load a subblock
into amira. You can use all theamira visualization techniques on this subblock.

Like every othelamira data object, a LargeDiskData object has parameters assoevéh it. In con-
trast to most other data types, the LargeDiskData cannaiveidirectly. But some of the mentioned
file formats allow you to save the actual parameters to thel@lining the LargeDiskData. This is
done by pressing th&ave parametersutton. It is only visible if you have write access to the file.

The Save Asnenu entry allows export of the data into a common image filméd or as raw data. It
does not save parameters. This might seem strange at a &irgteglbut in contrast to all other data
formats, the LargeDiskData values are not in main memorg ddiual data resides only on disk and
cannot be saved to another placednyira.

Ports

Action

|a Action: save parameters | ‘

Save parameters to the file defining the LargeDiskData.

15.14 Lattice3

This class represents regular 3D data arrays. Every nodeegfidar data array can be addressed by
an index tuple (i,j,k). The data array is characterized bylimensions (the number of nodes in each
direction), the primitive data type (e.g., bytes or shortis¢ number of data variables per node, and
by its coordinates. lmmira uniform, stacked, rectilinear, and curvilinear coordésaare supported,
compare Sectiof’? (Coordinates and Grids).attice3is a simple but powerful data type. In particular,
all 2D and 3D images iamira are represented by this type.
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As a technical detail it should be mentioned that in conti@stther data typekattice3is not a data
class by itself, i.e., it is not derived froDataor Object Instead it is a so-called interface class which
is used by other classes suchRegScalarField3RegVectorField3or RegColorField3 Usually this
fact will not be important for end-users, but only developer Pack users.

Commands
Data objects using this class inherit all commandbiefd3

getDims
Returns three numbers indicating the number of nodes in@iaettion of the 3D array.

coordType

Returns a number indicating the coordinate type of theckttl = uniform, 2 = stacked, 3 = recti-
linear, 7 = curvilinear.

getValue <i> <j> <k>
Evaluates the field at the index positigi» <j> <k> . As many numbers are returned as there
are data variables in the lattice.

setValue <i> <j> <k> <valuel> [<value2> ..]

Sets the field values at the index positieir <j> <k> . The number of values specified by this
command must match the number of data variables of the field.

swapByteOrder
Swaps the byte order of the lattice’s data values from litigi@n to big endian or vice versa.

clearSlice <k>
Sets all values of slicek> to zero.

exchangeSlices <k1> <k2>
Swaps the contents of the slicelsl> and<k2>.

crop <imin> <imax> <jmin> <jmax> <kmin> <kmax> [<value>]

Crops the lattice. The first six arguments specify the indmxnols of the subvolume to be cropped.
Itis possible to enlarge the data set by specifiying negidiver bounds or upper bounds exceeding
the current size of the lattice. In this case the last slicepdicated unlessvalue> is specified.

If this is the case the new slices are initialized withalue> .

fip  {0]1]2 }

Flips the lattice in i-, j-, or k-direction, depeinding on ather the argument was 0, 1, or 2.
swapDims <ildx> <jldx> <kldx>

Performs a kind of rotation about 90 degrees. The argumelhtattwhich position an index was

before, i.e., they must be a permutation of 0, 1, 2. For exaniplconvert ijk into jki you have to
use the arguments 2 0.
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setBoundingBox <xmin> <xmax> <ymin> <ymax> <zmin> <zmax>

Sets the bounding box of the lattice. The bounding box ersldise centers of all voxels of the
lattice (not the complete voxels). In case of stacked, lreetir, and curvilinear coordinates the
coordinates of inner points are scaled appropriately.

15.15 Light

Light objects are used to define additional lights in @ingira viewer windows. Actually light objects
are neither modules nor standard data objects. Neverthelesy are displayed in the Pool. Like
modules they provide some ports allowing the user to adjesbbject’s properties. In particular, three
differentlight types are supported, namely directiorgtits, point lights, and spot lights. Lights can be
define d in scene coordinates or in camera coordinates (essteate mode). In order to interactively
change the light parameters appropriate Open Inventogdragan be activated.

Note that theamira viewers define separate headlights by default. Light objespiresent additional
light sources and are not related to the viewer’s head ligj@w lights can be interactively created
using theView Lights menu of theamira main window. This menu also allows to activate new light
settings consisting of multiple lights. A light setting i®ed as aramira script in the subdirec-
tory share/lights in theamira installation directory. New settings can be added dynaltyibg
copying new scripts into this directory.

Ports

Type

‘a Type: {* directional light (™~ point light ¢ spot light ‘

This radio box determines the light type. Three differepety are supported:

A directional lightemits parallel light. It is faster to compute than the othights. Another ad-
vantage is that it has no particular location (although ttegder used to edit the light is located
somewhere). Therefore light settings consisting of dioeet! lights only can be easily applied to
new scenes, regardless of the actual size or position offfeets in that scene.

Qx('j’/

The second type is point light A point light is specified by its location only. It emits ligh
symmetrically in all directions.

}
<
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The third type is apot light which has a position like a point light, but which also dedimene
restricting the shape of the light being emitted.

Options

|a Options: Jcolor " camemslave [ show dragger

First, this port provides a color button indicating the cadbthe light. Pressing the button pops up
the color dialog and lets you change the light's color.

The next toggle calledamera slavepecifies, whether the light remains fixed relative to theeram
If not, the light’s position and direction are fixed with regpto other objects in the scene.

Finally, the last toggle calleshow draggerllows you to activate an Open Inventor dragger which
can be used to move the light or to modify its direction.

Direction

|& Direction: |D ¥ |D z |—1 |

Shows the direction of the emitted light. The values reprefiee direction in world or camera
coordinates depending on thamera slaveetting. The port is not available for point lights.

Location

|a Location: « |D ¥ |D z |'I.4 |

Shows the location of the light source. The values reprabenibcation in world or camera coor-
dinates depending on tlkamera slavesetting. The port is not available for directional lights.

Spot
‘a Spot: cut off angle |0 drop off rate |0 |

Here the two additional parameters for spot lights are $igeci
Thecut off angledetermines the spread of the cone of the emitted light, med$tom one edge of
the cone to another.

Thedrop off ratecontrols how concentrated the light is. The light’s intéy highest in the center
of the cone. It's attenuated toward the edges of the cone.lwewat O produces very sharp edges,
A value of 1 produces very soft edges.

Commands
Inherits all commands aDbject

getColor
Returns the color of the light as an RGB tuple of floating paiminber.
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setColor <color>

Sets the color of the light. The color can be specified eitsex tuple of three RGB integer values
in the range 0...255, or as a tuple of three RGB floating pahieas in the range 0...1, or as a text
string.

getintensity
Returns the intensity of the light.

setintensity <value>
Sets the intenisty of the light. The intensity modulateslitjiet’s color. Instead of modifying the
light’s intensity the brightness of the light’s color coudd changed as well.

getDirection
Returns the direction of the light (undefined for a point t)gh

setDirection <x> <y> <z>
Sets the direction of the light. Has no effect for a pointtigh

getLocation
Returns the location of the light. For a directional light tbcation of the associated light dragger
is returned.

setLocation <x> <y> <z>
Sets the location of the light. For a directional light thedtion of the associated light dragger is
set.

15.16 LineSet

A LineSetdata object is able to store independent line segments @hlarength. Optionally, for
each vertex one or more scalar data items can be stbigelSebjects inherit the vertex set interface,
cf. Section??. In order to visualize the line segements dfineSetobject the moduléd.ineSetView
can be used.ineSetsets can be stored using tAmiraMesh file format

Commands

Inherits all commands dfertexSet In particular, the methodgetNumPoints , getPoint , and
setPoint  are inherited.

setNumPoints <num>

Sets the number of points of the line set. The coordinateswof points need to be initialized
afterwards usingetPoint . Care must be taken that only existing points are refereneedthat
no point index is bigger than-1 .
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addPoint <x> <y> <z>
Adds a new point to the line set’s vertex array. The new poititnet yet be referenced by any line
segment. The method returns the index of the new point.

getNumDataValues
Returns the number of data values per point.

setNumDataValues <num>

Sets the number of data values per vertex. New data valuestade initialized afterwards using
setData .

getNumLines
Returns the number of lines.

getLineLength <line>
Returns the number of points of the specified line.

getLineVertex <line> <point>
Returns the index of poirtpoint>  of line <line>

getData <line> <point> [<set>]
Returns the data value in seset> of point<point> of line <line> . If <set> is omitted the
first data value at that point is returned.

setData <line> <point> <value> [<set>]

Sets the data value in seset> of point <point> of line <line> . If <set> is omitted
the first data set is used. Before using this method the nuwofbéata sets has to be set using
setNumbDataValues

addLine <pl> [<p2> [<p3> ..]]
Adds a new line consisting of the poingpl>, <p2>, <p3> ... to the line set. The index of the
new line is returned.

deleteLine <line>
Deletes the specified line without changing the number afitsaf the line set.

deleteAllLines
Deletes all lines of the line set.

removelLineVertex <line> <point>

Delete point<point> of line <line> . The method does not remove the point from the global
vertex array even if the point is not referenced by any otinex. |

addLineVertex <line> <point> [<pos>]

Adds an additional vertex to lingline> . The second argumegrpoint> is the index of the
referenced pointpos> specifies the position of the new vertex within the line. I§thrgument is
omitted the new vertex will be appended after all other eegtiof the line.
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smooth <factor>
Smooths the lines by replacing the coordinates of eachxbytéhe weighted average of its neigh-
boring vertices. The biggetscale> the more are the vertices smoothed.

getRange
Returns the min and the max of all data values of the line set.

15.17 Movie

This data module stores a movie description. The generakgimfamira movies is described in the
manual section of th#loviePlayemodule.

Connections

Master

If this port is connected to MoviePlayemodules result port, this movie can be used as destination
movie during a movie conversion process.

Ports

Number of streams

|a Humber of streams: |4 "I |

Select the requested number of streams. After this, theoppipte number of the following file
name fields will appear.

Streaml

‘& Streaml: la’Movie_big_stream.amovstream Browsel

Source specification of the image sequence for stream ongnidy be aramira movie data file (
.amovstream ), a single image file or a sequence of image#isfddry a wildcard expression. For
example specify c:/mymovie/left*.jpg to get all JPEG-insagrom directory c:/mymovie starting
with "left” in the filename. Possible wildcards are * and ?. “atwhes a sequence of arbitrary
characters. ? matches a single character. If specifyirzgrara movie data file (which is aamira-
specific file containing a series of images) wildcards arepeoimitted. For experts: to specify a
whole list of wildcard patterns or single image files edit #meira movie info file (.amov ).

Stream?2

‘a Stream2: la’Movie_big_slreamzamovslream Bmwsel

Identical to above for stream number 2.
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Stream3

|& Stream3: L"Mnvie_big_stleamS.amnvstleam Ernwsel

Identical to above for stream number 3.

Stream4

|& Streamd: L"Mnvie_big_stleam4.amnvstleam Ernwsel

Identical to above for stream number 4.

Type
| a Type: m |

Select here how th&loviePlayemodule has to interpret and render the final image sequence.

e mono - every image forms a single frame.

e stereo - two images form a stereo frame.

e stereo(interlaced)- every image forms a stereo frame. The left eye channel isdto the
even lines and the right in the odd lines. Internally the medasorts the lines to get an
image of the typetereo(up/down)

e stereo(up/down) every image forms a stereo frame. The left eye channel entédom the
upper half of the image and the right from the lower one.

e stereo(left/right) - every image forms a stereo frame. The left eye channel entédom the
left half of the image and the right from the right one.

Render method

|a Render method: " Gldiaw @ testure

This option affects the playback behavior. If selGadraw, the images are copied directly to the
OpenGL frame buffer by using the functiogiDrawPixels() If set totexture the images are first
transfered into a®penGLtexture object and then rendered as polygons textured highexture.

If an image was compressed using DpenGLtexture compression feature by a preceding movie
conversion process, this image gets rendered as textuhggigpandependently of how this port is
set. Be warned, th&@penGL texture compression is not available for all systeB&Ifor example
seems to implement it less often in i@penGL On PC systemsOpenGLtexture compression
seems to be a standard, due to the limited bandwidth and nyestamage. Which render method
performs better depends on the individual hardware anavaoétconditions.

Aspect ratio

‘a Azpect ratio: 1: IIJ |

Force the the aspect ratio of the rendered images to a fixad \lset to0 the aspect ratio is taken
from the individual image resolutions.
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Swap stereo

‘a Swap stereo: r

Swap left and rightimages for stereo movies.

Flip

|a Flip: [ hoz. [ wert, ‘

Flip the movie in X- and/or Y-direction.

Max fps

|a Max fps: IIJ |

Limit the playback speed to a maximal value of frames permséc8et this value also if the movie
playback looks jerky, that gives the content retrival mameetbetween the single frames. A value
of 0 disables this feature.

Max threads

|a M ax threads: IIJ |

On multiprocessor systems, the image retrieval and decessjom is performed by default with as
many threads as processors are available. That gives meet bpt can hamper other users or tasks
on this machine. Set this option to a value greater thémhich is to disable limitations) to change
the number of retrival threads. Set this to 1 if the movieudels images read by non thread-safe
readers.

15.18 MultiChannelField3

Multi-channel objects are used to group multiple gray lévelges of the same size. Display modules
such asOrthoSlice ProjectionView or \Woltex then can be directly connected to the multi-channel
object, thus allowing all channels to be operated on simehasly.

Multi-channel objects are created automatically when ireadnicroscopic image files containing

multi-channel information, e.g., Zeiss TIF files or Leicaaige files. Alternatively, channels can be
manually attached to a multi-channel object. Details of howvork with multi-channel objects are

described in a separatetorial

For each scalar field attached to a multi-channel object@alpeurpose port is shown, allowing you to

define the channel’'s data window as well as its preferredcolee data window is usually interpreted

in such a way that the lower data value is mapped to black wideipper is mapped to the channel’'s
preferred color.
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Connections

Channel 1 [required] Used to attach the first scalar field to the multi-channel bj&his
input determines the dimensions and the data type of the-ghdnnel object.

Channel 2 [optional] Used to attach a second scalar field to the multi-channetbbjehe

second input must have the same dimensions and the samgpuiatestthe first one. After a second
input has been connected, a new input calléhnnel 3will be created, and so on. In this way an
arbitrary number of channels can be connected.

Ports
Channel 1

‘& Channel 1: min |D max |255 color ﬂ |

Determines the preferred data window of a channel as wetsalor. For example, if the lower
bound of the data window is set to 100, voxels with valuestleas or equal to 100 will be drawn
in black by the slicing moduleSrthoSliceor ObliqueSlice

Channel 2

‘a Channel 2: min |D max |255 color ﬂ |

Specifies the settings of the second channel.

15.19 Object

All amira objects represented by icons in the Pool are derived frogrbidse class. The class provides
some basic Tcl commands allowing to select or deselect aecglr to show or hide its icons. The
class is not of interest for end users, but only for scripgpammers and developers.

Commands

hasinterface <typename>
Checks if the object provides an interface matching theipddype. For more information about
interfaces please refer to thenira Programmer’s Guide.

showlcon
Makes the object’s icon visible.

hidelcon
Hides the object’s icon. Although the object is no longeptiiged the object itself is still contained
in the Pool.
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iconVisible
Checks if the object’s icon is visible or not.

select
Selects the object, so that the ports are shown in the Prepéntea.

deselect
Deselects the object, hiding the ports in the Propertiea Are

setLabel <name>

Renames the object. If another object with the same namadslrexists, the specified name is
modified so that it becomes unique. In any case, the new nathe abject is returned.

fire
Updates the object and all downstream objects.

compute

Updates the object by calling its update and compute methlodsontrast tdfire  downstream
objects are not updated.

allPorts
Returns a list of alportsof an object.

connectionPorts
Returns a list of alconnection portsf an object.

downStreamConnections

Returns a list of all objects connected to this object. Faheabject also the name of the cor-
responding connection port is reported. That is, each eleonfethe returned list in turn is a list
containing the the name of the connected object and the nathe connection port.

setlconPosition <x> <y>
Sets the position of the object’s icon in the Pool.

getlconPaosition
Returns the position of the object’s icon in the Pool.

clipGeom <PlaneModule>

Causes all geometry display of the object to be clipped byplaee defined byxPlaneModule>

For example, a plane module is any module derived fAmmtrary Cut The geometry of an object
might be clipped by up to six clipping planes. Also seelipGeom below.

unclipGeom <PlaneModule>
Undos the effect of thelipGeom command described above.

destroy
The object is removed, as well as certain dependent objects.
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getTypeld
Returns the type name of the object.

help
Displays all commands specific to that object.

setLabel <name>
Changes the name of the objecktoame>. If already some other object with the same name exists,
<name> will be automatically modified.

setViewerMask <mask>

This command is used to show a possible 3D output of the olnj@efrtain viewer windows and to
hide it in other viewers. The bits kimask> controls the viewers, e.g., a mask value of 2 shows the
output in viewer 1 and hides it in viewer 0.

15.20 ScriptObiject

Note: If you have worked with script objects priordmira version 3.0, please read the compatibility
notes at the end of this file.

amira is fully scriptable via its built-in Tcl interface (see Skect ?? (Scripting)). TheScriptObject
module allows the user or a custom solution provider to ersatipts that fit seamlessly into thmira
user interface, and define their own user interface comgenen

A script object is an object showing up in the Pool similar toGxrthoSliceor anAxismodule. It can
have ports, like sliders or buttons. The ports are defineddbydde and the reaction to a change of
the ports is also implemented in Tcl. The Tcl code consista pbrtion for initialization and a Tcl
procedure that is called whenever the script has to reattanges of input parameters, tt@mpute
procedure.

Any amira script can be turned into a script object by putting a speuwéder line into the script.
Write anamira script (using your favorite text editor) and put a specialder for script objects in the
firstline:

# Amira-Script-Object V3.0
echo "Hello world, a script is called."

Load this file intoamira. A blue icon appears. Each time you click on Restartbutton, the script
will be read and executed and the above message appearconigae window.

During the execution of a script object, the global varigkileis always contains the name of the
currently active script object. This allows to easily acscebject-specific commands, the so-called
methodsDeclaring a method is very similar to declaring an ordinBel/procedure:

$this proc name args body
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Just like the Tcl commanpiroc , you can declare a method by usiifpis proc . Methods can be
executed by callingthis name args . The syntax is completely analogous to global Tcl proce-
dures (see Sectid?? (Introduction to Tcl)). The special point about a methodhiat inside the method
the$this variable is set appropriately. Example:

# Amira-Script-Object V3.0
$this proc sayHello {} {

echo "module $this is greeting you"
}

If you load this script object, nothing will happen visiblydowever, if your script object is called
MyScript.scro  , you can type

MyScript.scro sayHello

in theamira console window, and you will get a personalized greeting &s the result.

There are several methods with a special meaning:

e $this proc constructor {} {...} defines a method that is called when the script
object is created. This is used for creating user interféa@ents and initializing the object.

e $this proc destructor {} {...} defines a method that is executed when the object
is deleted or restarted. Used for cleaning up or terminatomgmunications.

e $this proc compute {} {...} defines a method that is called whenever a user inter-
face component of the script object is changed by the useregamples below.

Here is an example that uses ttanstructor andcompute methods in order to define a simple
user interface and to query the current state of that userfaue:

# Amira-Script-Object V3.0

$this proc constructor {} {
$this newPortIntSlider myValue
$this myValue setLabel "Value:"

}

$this proc compute {} {
set val [$this myValue getValue]
echo "The value is $val"

}

In the example, the constructor creates a new port, an insdgier which will appear in the user
interface. The port has the internal namgValueand its visible label is set tdalue Whenever the
user modifies the value of the slider, t@mpute method is called, and outputs the current port value.
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In addition to defining methods, a script object also allowvdefine member variables. Analogous to
Tcl variables, a member variable is a placeholder for a rextalue, but a member is local to each
script object. If you have two script objectsand B, both can have a member variabdgand the
values of these two variables is kept separately. In ordéetime and query member variables, use the
commands$this setVar  and$this getVar  (see below).

You can savemira networks containing script objects. When loading the saetd/ork intoamira,
the following things will happen:

the script object is created

the saved value of all member variables is restored
theconstructor method is called

thecompute method is called

the value of all ports is restored

thecompute method is called again

Connections

Data [optional]
Can be connected to any data object. Can be used by the script.

Ports
Script

‘a F{estartl |';'-\mi|aZDDDfshare;’demo;‘limeflrfterpol.scro Browsel

This port is available for any script object. TRestartoutton deletes all dynamically created ports,
sets thesFirstCall flag to1 and calls the script. The text field indicates the locatiothef
script file.

Commands

newPortButtonList <name> <number-of-buttons>
Creates a newutton list port

newPortButtonMenu <name> <number-of-buttons> <number-o f-options>
Creates a newbutton menu port

newPortColormap <name>
Creates a newolormap port

newPortDolt <name>
Creates a newolt port
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Note: Starting withamira 4.0, a greepply button is displayed by default, rather than the usual
Dolt port. See th®olt port documentation for further details.

newPortFilename <name>
Creates a nevilename port

newPortFloatSlider <name>
Creates a nevloat slider port

newPortFloatTextN <name> <number-of-fields>
Creates a newoat text port

newPortMultiMenu <name> <num-options-1> [<num-options- 2> ..]
Creates a newnulti menu port

newPortinfo <name>
Creates a new info port.

newPortIntSlider <name>
Creates a newnteger slider port

newPortIntTextN <name> <number-of-fields>
Creates a nevnteger text port

newPortRadioBox <name> <number-of-toggles>
Creates a newadio box port

newPortSeparator <name>
Creates a new separator port.

newPortText <name>
Creates a newext port

newPortTime <name>
Creates a newime port

newPortToggleList <name> <number-of-toggles>
Creates a neuoggle list port

newPortConnection <name> <type-name>

Creates a new connection port. The type name specifies wimbfyobjects can be connected to
the port. The type name of an existing object can be obatisiedjthe Tcl commandetTypeld

deletePort <name-of-port>
Deletes a port which has been created using one afé¢ld?ortcommands.

proc name args body
Define a Tcl member procedure (see above). The syntax isgmaddo the global Tcl proc com-
mand. This command is not specific to the ScriptObject, bigtavailable in almira objects.
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setVar <variable> <value>

Variables stored in this way keep their values between ssasecalls of theompute procedure.
Ordinary Tcl variables get lost. This command is not spetifithe ScriptObject, but it is available
in all amira objects.

getVar <variable>
Returns the value of a variable set usgggVar . This command is not specific to the ScriptObject,
but it is available in alamira objects.

testBreak
This commands checks if the stop button has been pressea. thfesexecution of the script is
automatically terminated. Use this command inside longnation loops or similar constructs.

In addition to the script object extensions, each scripéctsjinherits a number of methods from the
general amira objetype.

Compatibility Note: The semantics of script objects haghdly changed witlamira 3.0 compared to
olderamira versions. If the first line of the script contains the line "thika-Script-Object VV0.1”, the
old behavior is enforced.

15.21 SpatialData

In amira all data objects embedded in 3D space are derived from th$s.cEvery spatial data object
provides a 3D bounding box as well as an optional transfdonahatrix. The transformation matrix
allows the user to translate, rotate, or scale the objedtengeometry of any display modules attached
to it. Transformations can be defined interactively usirgjfitansform Editoror or from a script using
the Tcl commands described below.

Commands
Inherits all commands dData

getBoundingBox

Returns the bounding box of the data object. The boundingcbosists of 6 values denoting the
Xmin, xmax, ymin, ymax, zmin, and zmax coordinates in thadeer For data objects defined by a
set of discrete points likpoint clusterssurfacestetrahedral or hexahedral grids, the bounding box
is the smallest box containing all points. For 3D images ihessmallest box containing all voxel
centers, but not all voxels as is.

getTransform [-d]

Returns the transformation matrix of the data object. Thadformation matrix is a 4x4 matrix
which can be applied to a 3D vector in homogeneous coordindteencodes a translation, rota-
tion, and scaling operation. If thel option is specified, the transformation matrix is returned i
decomposetbrm, i.e., the translation, rotation, and scaling operatiare separated.
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setTransform [<all> <al2> ... <ad4>]
Sets the transformation matrix of the data object. If no argnts are given the transformation is
reset to the identity matrix.

getinverseTransform
Returns the inverse transformation of the data object aglarbtrix.

getTranslation
Returns the translation part of the decomposed transfasmatatrix of the object.

setTranslation [<x> <y> <z>]

Sets the translation part of the decomposed transformatadrix of the object. If no arguments are
given the translation part is reset to zero.

getRotation

Returns the rotation part of the decomposed transformatiainix of the object. Four number are
returned. The first three number denote the axis of rotafléve fourth number denotes the angle
of rotation in degrees (0...360).

setRotation [-center <x> <y> <z>] <x> <y> <z> <degrees>

Sets the rotation part part of the decomposed transformatgtrix of the object. The rotation is
specified by a rotation axis and an angle of rotation. Theooptiargumententer can be used
to specify the center of rotation.

getScaleFactor

Returns the scaling part of the decomposed transformatairixof the object. Three number are
returned, denoting the scaling in x-, y-, and z-direction.

setScaleFactor [<x> <y> <z>]

Sets the scaling part of the decomposed transformatiorixm@dtthe object. If no arguments are
given the scaling part is reset to unity.

translate [-l|-w] <x> <y> <z>

Translates the object by modifying its transformation ixatf he optional argument indicates
that the translation is applied in local coordinates (affter existing transformation). This is the
default. The optional argumentv indicates that the translation is applied in world coortisa
(before the existing transformation).

rotate [-Ix|ly|-Iz|-wx|-wy|-wz| [-]]-w] <x> <y> <z>] <deg rees>

Rotates the object by modifying its transformation matrbhe object can be rotated around the
local x-, y-, or z-axis or around the world x-, y-, or z-axis (adicated by the argumenix to
-wza ). Alternatively, the obejct can be rotated around a usecifigd axis in either local or world
coordinatesdegrees specifies the angle of rotation in degrees (0...360).

scale [-l]-w] <x> <y> <z>
Scales the object by modifying its transformation matrike©ptional argument indicates that
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the scaling is applied in local coordinates (after the éxgstransformation). This is the default. The
optional argumemw indicates that the scaling is applied in world coordinabegdre the existing
transformation).

multTransform [-I|-r] <all> <al2> ... <a44>

Multiplies the current transformation matrix with the sfied matrix. The arguments and-r
indicate whether the matrix should be multiplied from leftfimm right. Multiplication from left
means that the matrix is applied to the objects local coatdm

15.22 SpreadSheet

This data type represents a spreadsheet. A spreadshebewilbated e.g., by the moduléssueS-
tatistics

15.23 Surface

In amira data objects of typS&urfaceare used to represent non-manifold triangulated surfaesh
surfaces are required as an intermediate step in geneeat@itahedral patient model from the results
of segmentation of a 3D image stack.

Surfaces mainly consist of a list of triangles as well as dfs3D coordinates. Each triangle is
defined by three indices pointing into the list of coordisatdoreover, triangles are grouped into
so-calledpatches Conceptually, a patch describes the boundary betweendjasent regions (tissue

types). These two regions, call@ther regionandouter region are represented by indices into the
surface’smaterial list Although required for grid generation, the patch struetfra surface does not

necessarily define a valid space partitioning. Howeversamjace must have at least one patch.

Surfaces may also contain additional data, such as edgasdary contours, or connectivity informa-
tion. Because these data can be computed online they aryusatawritten into a file. If the data are
not already present but a certain module requests thematieeyecomputed automatically. You may
notice a small time delay in this case. Recomputation of tmmectivity information can be enforced
by the Tcl commandecompute .

You may use theSurfaceGen moduf® extract boundary surfaces from_abelFielddescribing the
results of s segmentation. You can visualize surfaces bglatig aSurfaceViewmodule to it.

There are two editors that can be applied to modify surfabesSurface Simplification Editaand the
Surface EditarUse the former once to reduce the number of triangles aweddn the surfaces. The
latter allows you to perform an intersection test and to rfyattiie surfaces manually.

Commands

recompute
Recomputes any additional data such as edges, boundaogesrdr connectivity information from
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scratch. If the surface contained patches consisting afrumected groups of triangles these patches
are automatically subdivided into new patches consistfrmponected triangles only.

fixOrientation [patch]

Checks if all triangles of a given patch are oriented in theesavay. If this is not the case some
triangles will be inverted in order to fix the orientation.nid patch number is specified all patches
of the surface will be processed in this way.

invertOrientation
Inverts all triangles of the surface.

makeOnePatch
Puts all triangles of the surface into a single patch.

cleanup
Removes any additional data such as edges, boundary centwwonnectivity information from
the surface.

getArea <i>
Compute area of all surface patches incident on material

getVolume <i>
Compute volume of material.

setColor <material> <color>

Defines the color of a material used in modderfaceView The material may be specified by
either a material name or by a material index. The color magpeeified by either an RGB triple
in range 0...1 or by a common X11 color name, e&d,or blue

setTransparency <material> <t>

Defines the transparency of a material used in mo8uildéaceViewwvhen draw style is set to trans-
parent. The material may be specified by either a materialenanby a material index. The
transparency valuie must by a floating point number in range 0...1.

add -point <x> <y> <z>
Adds a new point to the surface. The method returns the intilseaew point.

add -triangle <pl> <p2> <p3>
Adds a new triangle to the surface and returns its index. firgle will be inserted into the first
patch of the surface. If no patch yet exists one will be ciekate

refine
Refines the surface by subdividing all edges. After this afien the surface will contain four times
the number of triangles.
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15.24 TetraGrid

A data object of typfetraGridrepresents an unstructured finite-element grid composedrahedra.
The geometric information is stored in terms of verticegjesd faces, and tetrahedra. For instance such
data objects are useful as patient models. LikebelFieldwith its uniform hexahedral grid structure
a tetrahedral grid also contains a 'dictionary’ of differematerial types or regions. In addition to the
material names the dictionary may contain colors and othearpeters related to material properties.

amira is able to reconstruct tetrahedral grids from 3D image datas procedure involves several
steps, including image segmentation, extraction of boyni@aes, surface simplification, and finally
grid generation. The tutorial in Secti&? of the user’s guide illustrated this process in more detail.
The actual grid generation step is performed by the comiput@tmoduleTetraGen The quality of a
tetrahedral grid may be improved by applying certain openatprovided by the&srid Editor.

Commands

hasMaterial <name>
Returns true if the specified material is defined in the maltegction of théletraGrid

hasDuplicatedNodes
Returns the number of duplicated nodes, i.e., nodes withtéstantical coordinates. Such nodes
may be used in order to represent discontinous piecewisarliirelds.

removeDuplicatedPoints
Removes all duplicated points from the grid. No field objeasirbe connected to the grid.

add <othergrid>
Copies all vertices and tetrahedra from an other tetrahgdthinto this one.

removeTetra <n>
Marks the tetrahedral cell specified ¥p> as obsolete.

cleanUp
Removes all obsolete tetrahedra from the grid.

fixOrientation
Fixes the orientation of all tetrahedra so that the encles@dmne is positive.

15.25 Time

Modules such agime Series Contrair other data objects dealing with time-dependent dataigeay
time port, i.e., a special slider which also can be animatkdtiple such modules can be synchronized
by connecting them to one glob&imeobject. The time object provides the same functionalityhas t
time port in the modules themselves. In fact, the time vahrelze changed in both the time port or
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in an upstream time object. A time object can be created bgsihgTimefrom the main window’s
Createmenu. Alternatively, it can be created by choosGrgate timefrom the popup menu of a time
port (press the right mouse button over a time slider in ot@lactivate this menu).

Connections

Time [optional]
Connection to an upstream time object. Usually there wily tve one instance of a time object and
this port will not be connected.

Ports
Time

8 Time: [ «([X Telef ]

This slider specifies the current time value. Additionatisgs can be modified via a popup menu
which is activated by pressing the right mouse button owestider. The inner buttons proceed one
step in backward or forward direction, respectively. Theobuttons activate animation mode. The
popup menu lets you choose between simple animation (pleg)and two endless modes (loop
and swing). Animation is always restricted to a subrangéefthole time interval. The subrange
can be controlled graphically via the two upper arrow bugtakl settings can also be adjusted in a
configure dialog which can be activated via the popup mermu, to

15.26 \ertexSet

The HxVertexSetlass is an abstract base class. It is derived by many ath@a data objects con-
taining a list of 3D vertices, for examplandmark setssurfacesor tetrahedral grids Hx\ertexSet
provides an interface allowing other modules to accesséhiires in a transparent way.

In order to visualize the vertices of a vertex set you may bsértexViewmodule.

Commands

applyTransform

This command changes the coordinates of the vertices ofateeathject according to the object’s
current transformation matrix. This matrix can been defingidg theTransform Editor After the
vertices have been transformed the transformation matrigset to the identity.

This command is useful in order to make transformations peent. In particular, it should be
issued before a transformed data object is written to a fillne@vise, the transformation will be
ignored by most file formats.

translate <dx> <dy> <dz>
Translates all vertices by a constant amount.
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scale {<f> | <fx> <fy> <fz> }

Scales all vertices by a common factor. If three argumestspecified the x-, y-, and z-coordinates
are scaled by different factors.

jitter {<d> | <dx> <dy> <dz> }

The coordinates of the vertices are jittered randomly. Tgaraents indicate the maximal amount
of jitter. Each coordinate of a vertex will be changed chamgat mosttd/2. The method is useful
in order to resolve problems due to degenerate configuisitiocertain geometric algorithms.

getNumPoints
Returns the number of vertices of the data object.

getPoint <n>
Returns the coordinates of the specified vertex.

setPoint <n> <x> <y> <z>
Sets the coordinates of the specified vertex.
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Chapter 16

Molecular Pack

16.1 MolSurface

The data clas$/olSurfacerepresents molecular surfacesamira, generated by the computational
modulesCompMolSurfacend CompMolinterface The clasdMolSurfaceis derived from the class
Surfaceand hence, everything that can be done with an object of $¢péacecan also be done with
an object of typeMolSurface Additional information stored in clagdolSurfacencludes:

e the molecular surface type, i.e., van der Waals, solverdssiigle, or solvent excluded surface,
the solvent probe radius,

o for each molecule that contributed to the surface, its nurabatoms,

e and for each point or triangle, the index of the atom it befottg

The entire functionality of the editors provided for obgdf type Surfaceis available, including
simplification. However, some care needs to be taken. If yodifpthe number of points or triangles,
the moduleMolSurfaceViewwill no longer be able to color the surface according to atdtmbaites.
In contrast, other operations, such as edge flipping to ingtioe surface quality, will not affect the
representation.

Connections

Master [optional]
Connection to the module that generated the molecularcirfa

Commands

For a description of Tcl commands, see the documentationeobtirfacedata class in thamira
User's Guide.



16.2 MolTrajectory

An object of typeMolTrajectoryrepresents a series of molecular configurations. A trajgatan be
created by loading a file containing a trajectory, or it camti@ched to an object of typdolTrajecto-
ryBundle extracting one of the trajectories contained in that bendl

Connections

Bundle [optional]

The trajectory may be connected tdrajectory bundle If so, theTrajectoryport will appear in
the user interface of the data object which enables you tor@lomhich member of the bundle this
trajectory represents.

Ports

Trajectory

‘& Tlaiectul_l,l:l But1 vl ‘

TheTrajectoryport is visible only if the connection poBundleis connected to a trajectory bundle.
The menu lets you select one of the trajectories containdtkibundle.

Commands

getTrajectoryName
Returns the name of the trajectory.

getNumTimeSteps
Returns the number of time steps in the trajectory.

getGlobalWeight
Returns the global weight of the trajectory, which is thebadaility of the molecule to be in the
metastable conformation (conformational ensemble) sspried by the trajectory.

setGlobalWeight
Sets the global weight.

setintObservable <name> <value> <timeStep>

Overwrites the ‘value’ of observable ‘name’ for time steméStep’. If ‘timeStep’ is omitted or -1,
a constant observable over all time steps is assumed andlties\for all time steps are overwritten,
so some care is needed. This command is for integer obsesvabl

setFloatObservable <name> <value> <timeStep>
Same as above but for float observables.
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getObservableNames
Returns the names of all known observables.

getObservable <name> <timeStep>

Returns the value of observable ‘name’ for time step ‘tinepStif ‘timeStep’ is omitted, the value
of the first time step is returned.

16.3 Molecule

An object of data typévioleculecontains information about the structure of the moleculgpidal
information that is stored are the types and positions oftb&ecule’s atoms and the bonds between
the atoms, plus the type of each bond. Furthermore, the dée¢atcstores information about groups
of atoms in a hierarchical way. For example a functional groansists of a number of atoms, several
functional groups may form a residue, and a couple of residuey form a secondary structure. This
allows quick traversal of the molecule’s structure.

Molecules can be visualized with the following viewing mdeki1 MoleculeView BondAngleView
SecStructureVieyor TubeView In addition, there are two modules for generating moleuafaces.
The CompMolSurfacenodule enables you to generate s#wvent accessible, solvent excludadd
van der Waals surfacesf a molecule. Th&CompMolinterfacenodule can be used to generate intra-
and intermolecular interfaces, such as between singlesatwmresidues, or between two molecules,
respectively.

When comparing the structures of several molecules with etteer, one is faced with the problem of
aligning molecules to each other. This can be easily donehpecting theAlignMasterconnection
port to a second molecule which will serve as reference. &hez several alignment modes. If the
molecules have the same number of atoms you can align the tlexoies to each other by using all
atoms, whereby the i'th atom of the first molecule corresgdodhe i'th atom of the second molecule.
You can also select atoms in either laveor themastermolecule. Theslaveis the molecule to be
aligned. If the molecules have different numbers of atohespinly way to align molecules is to select
atoms in both molecules.

Connections

Data [optional]

The molecule may be connected tanalecular dynamics trajectonyf so, aTimeport will appear

in the Properties Areavhich enables you to load new time steps into the molecule.

Time [optional]

Sometimes it is necessary to synchronize two or more tinpexoident data objects, such as a

molecule from a trajectory and the corresponding eleditmsfield. In this case, th&me port
can be connected toTameobject.

AlignMaster [optional]
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PrecomputedAlignment [optional]

You find the description of the two ports above are descrilmethé section oralignment of
molecules

Ports

Time

@ twe <[4 o

The Time port is visible only if the molecule object is time dependérg., it is connected to a
molecular dynamics trajectory. In the slider you can sedespecific time step. If you wish to step
through the trajectory, use the buttons next to the slider. déntinous animation, use the outer
buttons.

Alignment

‘a Transformation: I align to master vI |
‘a Select: alll in slavel in masterl in both ” Set "I ‘

a Selection empty

You will find the description of the above three ports in thetam onalignment of molecules

Selection Browser

|& Selection Browser: Show ||

Press this button if you wish to open the selection browsethis molecule.

Transform

|a Transform: Applyl Undol Flesetl

If you want to transform all atom coordinates of the moledwl¢he current transformation in order
to save the molecule with the transformed coordinates t@adikess thé\pply button. As long as
the Transform Editoiis active you can also undo your actions.

Commands

You can use theonsole windovior entering additional commands for molecules. The etgiag

to use the console for a molecule is to click on the molecujeattn the Pool and then press the
TABKkey in the console window to display the name of the selechgelch. After the name you can
use the following selection commands:

list
Lists all levels defined for the molecule.
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list <levelName>
Lists all groups of levelevelName

list <levelName/[groupName|groupRange]>
Prints information about a single group or multiple groupsdfied by a group range.

define <levelName/groupName> <groups>

This command defines a new grogmupNamen the levellevelName If levelNameloes not yet
exist, it will be added as a new levgjroupsis a list of groups of possibly different levels. Groups
can be specified using ranges.

Example: The following command defines groumein level testconsisting of atoms 1 and 3 and
residues 4 to 6.

e define test/one atoms/1l atoms/3 residues/4-6

defregexp <levelName/groupName> <atomExpr>
Define a new group by usingtom expressionsThe new group will only contain atoms, i.e., no
higher level groups.

sel <atomExpr>

Lets you add atoms specified BjomExprto the current selection.
Example: The following command will select all carbon atomigch are located in helices.

e sel a=C AND s/type=helix

desel <atomExpr>
Lets you remove atoms from the selection.

applyTransform
The current transform is applied to the molecule, i.e., thgimal atomic positions are replaced by
the transformed positions.
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Part V

Alphabetic Index of Editors






Chapter 17

Amira

17.1 Advanced Colormap Editor

To access this advanced colormap editor, pres@\th@ncedutton of the standardolormap editar
This colormap editor pops up. As you can see, there is a mamueaa the top border of the window
with the submenug&dit, Mode andBrush which help you to control the behavior of the colormap
editor and to change components of the chosen colormap.wB&e menu bar a so-called "color
chart” is displayed. The red, green, and blue lines are taphy of thecolor channekcomponents of
the colormap. The underlying color model is RGB (at startup)e axes are not shown directly; the
x-axis ranges from the lowest to the highest colormap indekthe y-axis from 0.0 to 1.0 according
to the RGB model. Thus, a point on a color line indicates thewamof color for the corresponding
color channel and color index. You can manipulate the coofrsdine by setting a brush onto any of
its points and moving it up or down. A brush is set by pressingpase button, the left one for the red
line, the middle one for the green line, and the right onetiertilue line.

Below the color chart a "color bar” is displayed which is agkar version of the one used for display in
the colormap port. Its only function is to show you the acapearance of the modified colormap in
a smoother way by linearly interpolating the colors betwienindices.

The largest area of the editor window is occupied by the "cbldgtons” which represent the color in
every position (index) of the chosen colormap. Each pasiticcalled a "color cell”. You can set the
focuswhich is the target index of modifications applicable by tbécsliders (see below), and it is
also possible to modify the colormap by dragging a color. c€he index of the focus color cell is
shown below the color buttons.



In the lower area of the window there are some "color slideose for each color channel by which
you can modify color channel values with respect to the famls This means that the values of
neighboring cells are affected as well, as you can see indlue chart. The sliders are manipulated
by dragging the small triangles; alternatively values iedi»point format may be entered directly into
the text fields to the right of the sliders.

The last three buttons nam@kK, Apply, andCancelare for quitting the editor, applying your changes
to the underlyingColormapdata object, and quitting the editor without applying yobacges.

Interactive editing of a colormap is facilitated by two us#erface elements, tfecusandcolormap
knots

Focus: The focus marks the active color cell which can be editedgusie color sliders. It is repre-
sented by a black-and-white box drawn around the active celband by a black vertical line in the
color chart.

You set the focus by clicking with the left mouse button on lbaoap entry in the color button panel.
A focus cell also gets knotmarker (see below); clicking again on a focus cell removeskiiot and
places the focus on to the leftmost color cell, just settiregfbcus to a different cell does not remove
a knot.

Knots: Knots are fixed points in the colormap, i.e., they retainrth@iues while the colormap is being
manipulated by snapping (s&&enu bar/Edit/Snapor by dragging the focus. Knots are represented
by a small black box with a white surrounding in a color cell @white vertical line in the color chart.

You set a knot by setting the focus and remove a knot (with dlces) by clicking another time on a
color cell with the focus. The knots on the first and last ceflhe colormap cannot be removed.

17.1.1 Description of the user interface elements

A. Menu Bar
The menu bar consists of the four submeritdit, Mode Brush andExtras

a) Edit Menu

This submenu offers two opportunities for editing the colap. The first group deals with the undoing
and the opposite - redoing - changes you made in the coloriegpsecond group "snaps” one or more
channels, like tightening a rope between the left and rigigimoring knots of the focus.

e Undo: If you think that your last changes to the colormap have bemristake, this entry lets
you take back your last changes. You can easily go back torg pbediting when you were
content with the colormap and start editing again. The co&gr editor remembers up to 50 of
your last changes.

e Redo: If you undid too much, this entry undoes the last undo, i.does the undone changes.
This is the reverse function &fndo. You may undo/redo your changes as often you wish, but if
you modify the colormap by another function (riéndo/Redpyou lose the opportunity to redo
the last undosRedois only activated if your last action was invokitindo
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e Snap All: By selecting this entry, all colormap entries will be tigheel like a rope ("snapped”)
between their left and right neighboring knots leaving thetk itself untouched. This means
that lines are drawn between all pairs of successive knosaich color channel. This function
manipulates all color channels simultaneously.

e Snap: This operation behaves much like a lo&dap All i.e., snapping occurs only between
the left and the right neighboring knots of the focus by tagtihg all color channels as if they
were ropes between the knots.

e Snap Red or Hue: Depending on the chosen color model (8&éede), the first color channel
"Red” or "Hue” is snapped between the left and right neiglgknots of the focus leaving the
other color channels untouched. Seapfor an explanation of snapping.

e Snap Green or Saturation: Like in Snap Redthis entry manipulates the second color channel
between the left and the right knot leaving the other colamnetels untouched.

e Snap Blue or Value: Like in Snap Regthis entry manipulates the third color channel between
the left and the right knot leaving the other color channel®uched.

e Snap Alpha: This entry is only shown ifShow Alpha(seeModé has been activated. By
selecting it, the alpha channel will be locally snapped aidleed inSnapbetween the left and
the right neighboring knots of the focus leaving the othdoicohannels untouched.

b) Mode Menu

This menu allows you to select the color model used to moti#ycblormapRGB Slidershooses the
RGB model where colors are represented by a red, green, aacbimponentHSV Sliderchooses
the HSV model where colors are represented by a hue, saturatid value (intensity) component. In
addition, animmediate Modé¢oggle is provided. If this toggle is active, all changesiatmediately
applied to the colormap and downstream modules are imnedgli@ted so that they can update their
display.

¢) Brush Menu

This has only relevance for the color chart. Here you canteebtush type used for editing a color
channel curve. Four different brushes are supported. Bheipes are visually represented by corre-
sponding icons.

d) Extras Menu

This menu allows you to replace the whole colormap by one ef afpredefined maps. Currently four
such predefined maps are availableGiay rampranging from black to white, &lue rampranging
from blue over green and yellow to red Hot iron map ranging from red over yellow to white, and

a Glow map ranging from black over red and yellow to white. This lastp is frequently used in
epi-fluorescence microscopy. Two additional options aowiped to subdivide the current colormap
into a discrete set of colorsfake stepsand to define an alpha curve with a predefined gamma value
(Alpha curve. If one of these options is chosen, an additional dialogdaim pops up, allowing you

to perform the appropriate operations.

B. Color Chart
The color chart shows the graphs of the colormap’s color mBbeomponents. The red curve shows
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the first color channel (red or hue), the green curve showséehend channel (green or saturation),
the blue curve shows the third channel (blue or value), aadthck curve shows the foirth channel
(alpha). The knots and the focus are represented by whitdlacH vertical lines, respectively. The
left edge of the color chart shows the values of the leftmudx of the colormap and the right edge
those of the rightmost index.

C. Color Bar

Like in the colormap port, this color bar displays a continsiorm of the chosen colormap by linearly
interpolating the colors between the colormap entriesSHéw Alphais enabled, alpha values are
represented by a certain amount of transparency in thes;aler, you see the colors translucent over
a white and black checkerboard pattern. For an alpha val@eDofyou see no color information but
only the white and black checkerboard; for a value of 1.0 youndt see a checkerboard because the
colormap entry is not translucent.

D. Color Buttons

An entry of the color button panel is also called a color deich color cell shows the color associated
to a color index without the alpha value. The indices are tedifrom left to right and from top to
botom. Thus the color cell in the upper left corner shows thieroof the leftmost colormap entry and
the color cell in the lower right corner shows the color of tightmost colormap entry. The index
of the focus cell is displayed below the color button panakt after the index the data value which
corresponds to the focus cell is shown in brackets. The ddteedepends on the current range of the
colormap.

E. Color Sliders

In the lower area of th€olormap Editorwindow there are four color sliders allowing you to modify
the values of the focus cell. Depending on the current colmdenh the first three sliders are associated
to red, green, and blue or to hue, saturation, and valuegctisply. The fourth slider always modifies
the alpha value. In front of each color slider there is a tedmitton. If the toggle is activated, the
corresponding color can be edited using the left mouse burttthecolor chart(see below).

F. Control Buttons

These three buttons let you choose whether the changes twlttvenap should be kept or not. By
pressing théK button the changes made with the editor are written backeadformap object that
you are working on. This action also causes the editor ta dkiyou just want to write back the
changes without exiting, e.g., if you want to see how youmdes take effect, just press tApply
button. IfApplyis done in thdmmediatenode however, the previous state of the colormap cannot be
restored byCancel

If you think that your manipulations have gone totally wroggu can always decide to keep the old
colormap and throw away your changes. This is done by prg#iseCancelbutton which also closes
the editor window.Cancelrestores the colormap to the last state whenAhply button was pressed,
or to the initial, if Applywas left untouched.
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17.1.2 How to modify a colormap

This section describes how to modify a colormap in variougsvaFor the effects of invoking the
various menu items, sédenu bar

A. Using the color chart

A color channel can be edited by modifying the correspondinge with a brush. Values are increased
by approaching the curve from the bottom side with a brusheatoalding down the left mouse button,
and vice versa. Only one curve can be edited at a time. The=c¢arke edited is determined by the
toggle button in front of the four color sliders. For exampteyou want to modify the alpha curve,
you first have to select the toggle button in front of the alglider.

Four different brushes can be chosen in Bresh menu, namely a small square, a bigger square,
a circle, and a diamond. The shape of the brush determinesahcwve will be modified when
approaching it with the mouse. When the brush touches theeétimoves the color channel up or
down (depending from which side it comes) to the first pixeisae the brush’s area. Colors are
clamped to the channel’s minimum and maximum allowed values

The new colors are displayed instantaneously in the coloabd in the color buttons. If you modify
the focus cell, the color slider corresponding to the curiad edited will also be updated.

B. Using the color buttons

This item offers you the most opportunities to modify theatoiap. You can set the focus, set/unset
a knot, or modify a certain region of the colormap by dragdhmgfocus cell. Due to the fact that a
focus always exists, a special operation for unsetting dlced is not necessary because you unset a
focus simply be setting a new one.

e Setting the focus: You simply select a focus by clicking once in a non-focus.cé&lhe new
focus cell will be surrounded by a black and white border @/ltile border of the old focus cell
disappers. The other displays will be refreshed, i.e. therdndex displayed below the color
buttons will be set to the focus cell’'s index, the color cheitt display a black vertical line in a
position corresponding to the new focus cell, and the cdidess will show the color channels’
values in the focus cell. As mentioned above you simply uagetus by setting a new one.

e Setting a knot: Because every focus cell must have a knot, you set a knotginysetting the
focus, i.e. by clicking once in a non-focus cell without a krnithe knot appears as a small black
box with a white surrounding in the middle of the new focud.c&he color chart displays it
with the focus as a black vertical line. If you change the &¢he knot still remains in the color
cell but without the focus it is displayed in the color chagteawhite vertical line.

e Unsetting a knot: You unset a knot by clicking another time into a focus cellisTdoes two
things: First, the knot is removed from the color buttons #r&lcolor chart. Second, the focus
is set to the first color cell, i.e. to the upper left cornertad tolor button panel and to the left
edge in the color chart. The displays are refreshed, i.emal ¥lack box in the color cell and
no vertical line at the corresponding position in the coloart will be shown.

e Dragging the focus cell: When you click the first time in a non-focus cell, you can hdid t
mouse button (be careful: a click in a focus cell unsets a)kenad drag the focus cell over the

454 Chapter 17: Amira



color buttons. The corresponding color values will be terapty copied to its new position and
the color channels between the next knots to the left andetaght from the actual position will
be snapped i.e. the color channels will be tightened likepa etween the focus and the left or
right knot. When you move in a new region between two knotsalld region will be restored
and the new region will be affected by snapping. When yowassdhe button, the focus cell’s
color values (the one which you dragged) will be copied tdatt position and the colormap
remains in this state, i.e., with the copied color valuehmfocus cell and the snapped color
values between the focus and the left or right knot. While imgpthe mouse, the color chart is
updated appropriately. The color sliders stay the sameusedae focus cell values remain the
same (remember: you drag the focus and copy its cell’s values

C. Using the color sliders

The color sliders offer you three ways to modify the valueamted to the focus cell, either by setting
the value explicitly in the text field, by dragging the smaihigle, or by clicking somewhere in the
slider area.

All modifications have an effect on the surrounding colorreapies between the next knots to the left
and to the right of the focus cell. A modification of a value mges the surrounding colormap entries
relative to their distances to the focus. This is similardgsing / lowering a rubber band between
the left and right knot in the focus position. You can cleade the effect by looking at the curves
displayed in the color chart. The values and displays aresbéd in the same way as described in the
previous sections.

17.2 CameraPath Editor

The CameraPath Editorllows you to edit camera paths defined by a number of keyfsaife
get started, choogeameraPatHrom theCreatemenu and click on the Camera Path Editor button of
the new camera path object. The editor will appear and autoatig open an additional viewer.

The original viewer (viewer 0) is the camera view, i.e., iD8ls the same as if you were looking
through the camera, while the additional viewer will showall of the keyframe cameras from a
bird’s eye view.

In order to start your camera path, choose an appropriateidi¢he original viewer (see Sectidt?
(Viewer Window) to learn how to do that) and click on taéd button. Your first keyframe has been
saved. The time slider should contain one red line and itishtwave advanced to 10. Now change the
view in the original viewer and click on add again. A secongfi@ne appears and so on.

Once you have played your camera path using the play buttanmay continue adding keyframes
by simply typing the time for the new keyframe into the texidier by moving the slider and then

clicking add Note: The original view will not be changed when the slidemioved or the text in the

text field is changed.

To change the time of a keyframe, jump to this frame, clickemove type in the new time, and click
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onaddagain.

If you want to have a constant camera velocity on its pattggtieeconst velocityputton. Depending
on the distances between the camera positions at the keggrdhe keyframe times are changed to be
equidistant between camera positions.

Caution: Pressing theircular pathbutton will create a new camera path and destroy the old dme. T
new camera path lies on a circle around one of the major axbshé center at the point the camera
in the original window is looking at. The radius is deterndri®y the distance of the camera position
and the point the camera looks at.

17.3 Color Dialog

The Color Dialog provides an interface for selecting colors. It pops up wkiena single color is to
be changed immira. The dialog provides serveral different interface compadsiea menu bar, color
sliders, default color cells, a color picker, and five bugton

The menu bar allows you to set some options for working with ¢blor dialog. The sliders (and
the corresponding text fields and arrow buttons) let you skaocolor by hue, saturation, and value
(HSV), or by the levels of red, green, and blue (RGB). The cploker allows you to pick a color
by sight. Moreover, you can choose a predefined color fromlettpaof custom colors cells. The
buttons are used to apply or reset changes and to quit thegdialdetailed description of the interface
components is given below.

Menu Bar: The menu bar holds two popup menus: it and theOptionsmenu. There are two
items in theEdit menu allowing you to toggle between different editing modks Immediate Mode
andWYSIWYG Mode

If Immediate Modés selected, each modification of the color to be changedestafe immediately,

Caneebah ) O

Camera Path: 17 keyframes [ cloged], total time 100.0

3 K . V.00
8 [« (1] [« (] [1w] [w] ]

8 [add] [remm-‘e] [u:in:ular path] [u:-:unst velu:u:it_l,l]

Figure 17.2 Control panel of the camera path editor. The arrow shapetraobuttons can be used to play forward and
backward, to jump from keyframe to keyframe, or to step frdaimdérame. When the editor is off, the camera path provides a
time port.
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Figure 17.3 The camera path is shown in an extra viewer. You can click beyframe and modify the camera. The changes
will be displayed in the original viewer simultaneously.eTiteddish icon represents the current camera. In genesakthot a
keyframe but an interpolated camera.

@ Color Dialog
Edit  Options
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Current Color 0ld Colar
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Apply [ Resst ][ Cancel ][ Help

Figure 17.4 amira color dialog
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e.g., if you are changing the background color of the 3D viesved Immediate Modés active, the
effect of every slider or picker operation can be observeebtly in the viewer.

TheWYSIWYG Modéneaningwhat you see is what you getetermines the background of the color
sliders. IfFWYSIWYG Modis active, the background of a slider shows a color rangessgmiting how
the current color would change by moving this slider.

You have the option of displaying and manipulating two dif& combinations of sliders: RGB and
HSV. TheOptionsmenu holds two items representing these two combinatioglecBngRGB Sliders
provides controls over RGB color space. SelecH8)Y slidergprovides sliders to manipulate the HSV
color space.

Color Sliders: The color sliders present the color range in hue, saturateone (HSV) or red, green,
blue (RGB) color spaces. If the color to be changed has araalpmponent, an additional slider
is automatically displayed. Each slider controls one cotmmponent. The color sliders are visible
depending on the user selection in tBptionsmenu. Each of the color sliders is accompanied by a
text edit field to view the exact value of the current color pament and to set its numerical value.
The component values are always in the range from 0 to 1. &wmibre, two arrow buttons can be
used to move each slider respectively.

On the left side of each slider (except the alpha slider) aitiatial check button is displayed allowing
you to select one color component to control the appearamtéuactionality of the color picker.

Color Cells: The color cells are subdivided into three different groupse cell name€urrent Color
displays the color depending on the current settings. Ealdr enanipulation is shown by this cell
immediately. The cell name@ld Color displays the original color the dialog has been invoked with
The old color does not change until current setting are agdly activating theApply button. The
other cells labele€ustom Colorgrovide a user-defined palette for storing colors. The engtolors
stay resident between successive color dialog popups.

TheDrag and Drop mechanisiis applied to store and restore colors. The colors can beedagrbi-
trarily between all cells (except that a color cannot beextdo the old color cell). To drag and drop a
color

move your mouse cursor on top of a color cell (source),
press down on the left mouse button and keep it pressed,
move your mouse cursor on top of another cell (destingtion
release the mouse button.

Hown e

Buttons: The four buttons name@K, Apply, ReseandCancelare for quitting the dialog and applying
the changes to the underlying color (OK), applying the cleangithout quitting (Apply), resetting the
current color to the old color, i.e. discarding last chan(fesset), and quitting the dialog without
applying the changes (Cancel). The fifth button narHetp is for displaying this documentation in
theamira help window.

Color Picker: The Color Picker provides visual selection of a color. Deafieg on the selected color
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Figure 17.5 amira colormap editor.

component (selecting using the radio button on the left sfdeach slider), the two other components
of the color can be set with the picker. One component cooresdpto the vertical extent of the color
picker and the other to the horizontal. The selected comparannot be changed with the picker. To
select a color using the color picker

1. Move your mouse cursor on top of the color picker.
2. Press down on the left mouse button and move your mousele \Wiaving the mouse around
the current color is set to the color at the mouse position.

3. Release the mouse when you are done.

17.4 Colormap Editor

To modify an existingcolormap press the Colormap Editor button which is visible in thed?ro
erties Area when the colormap is selected. The colormapraaiips up.
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17.4.1 Overview

This editor allows you to interactively edit a colormap awndgraphically visualize the result on a
selected data set by means of the histogram. The histograntdmatically colored using the current
color settings.

The interface is divided into three main parts: the histogrdie gradient editor, and the color/opacity
chooser. The histogram is only for visualizing the relati@tween a selected data set and a selected
colormap. The gradient editor and the color/opacity cho@s®k together to modify the selected
colormap.

17.4.2 Menu Bar

The menu bar contains two itemsHelp button which brings up this help topic in the help browser,
and theEdit menu containing two menu items:

e Background Color: A color chooser dialog will be popped up allowing you to charige
Histogrambackground color.

e Immediate Mode: If this toggle is active, all changes are immediately appt@the colormap
and downstream modules are immediately fired so that theyjpdate their display.

17.4.3 Global Settings
17.4.3.1 Colormap

This combo box is filled with all colormaps present in the Pddie last item]oad.., allows you to
load a colormap from diskiNote: Changing the current colormap will discard any changestibag
not been applied or saved.

17.4.3.2 Curve Type

This field controls thédistogramcurve representation.

Histogram: Display as a bar graph.

Histogram with opacity: Display as a bar graph with opacity.
Curve: Display as line segments.

Impulse: Display as single vertical lines.

17.4.3.3 Data

TheDatafield represents the input data used to calculatélibtogram If no data is available, nothing
is shown in theHistogramand the field indicates No Data. This field is filled with theadiat the Pool
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from which a histogram can be computgee Histogram)f the selected colormap is referenced by a
data set, this data set is selected. Otherwise, the first atinipdata set found in the Pool is selected.

17.4.3.4 Axis Type
This field controls how thélistogramvertical axis is drawn.

e Linear: Use vertical linear projection.
e Log: Use vertical logarithmic projection. (Allows you to bettésualize small variations.)

17.4.3.5 Axis Scaling

This field allow you to scale thelistogramdepending on the min/max range to better visualize your
mapping.

e Fixed: This is the default mode. All data values are shown onHigtogram including the
values outside the min and max range.

e Auto: In this mode, all data values outside the min and max rangejaoeed. The data values
in the range are scaled to fit within the vertical space, afigwou to better visualize a range of
data values.

17.4.4 Histogram

The purpose of thelistogramis to graphically summarize the distribution of values witthe selected
data set, colorized by the current colormap. The horizaxtaldisplays the data set values, the vertical
axis displays the frequency. The three vertical lines iadiche coordinate range used for mapping
data values to colors. To adjust this range, you can dragltiog kriangle markers at the bottom. The
left and right markers move the min and max range, while thddieimarker moves the min and max
at the same time.

17.4.5 Gradient Editor

The gradient editor allows you to modify the colormap usiotpc and opacity markers. The color
is linearly interpolated between two consecutive mark@alor and alpha channels are treated sepa-
rately.

When selecting a colormap, the markers are automaticatigebed. To modify the gradient, you can
add or remove markers. To add a new marker, click on the argaioing the color or opacity marker
at the desired position. A new marker is added with the irdiated value. You can move this marker
horizontally by dragging or by setting a value in thecationfield. The small triangle over or under

the marker indicates its selection state: solid black whﬂecﬁ;ed‘, transparent otherwis_. The
color chooser and opacity chooser values are updated @aelytiu select a marker.
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Depending on which kind of marker you select, the color cleoos opacity chooser is activated. The
upper markers are for the alpha channel, the lower markerf®athe RGB channel. The correspond-
ing Locationfield andDeletebutton are enabled.

To remove a marker, select it and click on fbeletebutton in the active chooser.

To the extreme right and left are the min and max range cglagity values, which cannot be moved.
Instead, two fields are provided, one on the far left, one effiahright, to allow you to specify the range
of the data that the colormap will be mapped to. All input detiaes less than the left (minimum) value
or greater than the right (maximum) are colorized using tirenange color/opacity or the maximum
color/opacity respectively. All other input data values eolorized with the interpolated gradient. To
reposition the median poir: (the gradient point containing equal start and end propoytidrag it
horizontally to the desired position.

17.4.6 Color Chooser

When a color gradient marker is selected, the color chossaetivated. To the left, the control is an
HSV color triangle. The circle represents the hue and thagle the saturation and value. By moving
the two cursors, it is possible to generate all possiblersabthe HSV color space.

The color is also displayed as an RGB triplet in Bed Green andBluefields. You can also enter the
desired values explicitly [0..255].

TheGray levelinput field allows you to quickly specify a gray level. Thecationfield shows or sets
the position of the color marker. Press eletebutton to delete the selected marker.

17.4.7 Opacity Chooser

When an opacity marker is selected, the opacity choosertigaterd. The vertical slider controls
the opacity value (must be between 0 and 100, 100 meaninytofmque). This value can be also
modified by theOpacityinput field.

ThelLocationfield and theDeletebutton work as described above.

17.4.8 Control Buttons

Advanced: Launch theamira 3.1 advancedolormapeditor.

Save As:Pop up aSave Filedialog to save your colormap to disk.
Cancel: Cancel all unsaved modifications and close the editor.
Apply: Apply your changes to the selected colormap.

OK: Apply your changes to the selected colormap and close theredi
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17.5 Curve Editor

@ This editor allows you to create and modBySpline curves

The curve is defined by a set of control points. The controh{zotan be appended or modified by
moving a dragger, by clicking on an object in the viewer with tniddle mouse button, or by entering
numerical values into the po@ontrol Points

Ports
Degree
|8 Deoree: [+ |

Enter the degree of the B-Spline. The higher the degree, tite gontrol points are required and
the smoother the curve. Also, the oscillations increasewthe degree increases.

Mode

|& Mode: I Interpolation vI |

In interpolationmode, the curve goes through the specified pointsapiproximationmode, the
curve approximates the polygon spanned by the points.

Editing Mode

|§ Editing Mode: & Append ( Modify

The dragger either appends new points or modifies the clymsgiected point. Both modes apply
as well when clicking on an object in the viewer with the meldiouse button.

Points

|& Point: [3  £|[53155 [14201 [0.33388 optior15||

Specifies the control points that define the curve. The poartshe modified by entering numerical
values here, by moving the dragger and clicking on the midaese button, or by doing a click
on an object in the viewer with the middle mouse button. In@ipionsmenu, the dragger and the
control points can be switched on and off in the display.

17.6 Digital Image Filters

This editor provides digital image filters for 3D image dag#ss such as smoothing, unsharp
masking, and morphological operations. Some filters opena8D while others are applied to two-
dimensional slices. In the latter case, the orientatiorhef2D slices can be selected via an option
menu. Press th&pplybutton to start the computation.

Currently, the following filters are supported:
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Figure 17.6 Editor for applying digital image filters.

e Minimum Filter

e Maximum Filter

e Unsharp Masking

e Laplacian Zero-Crossing Filter
e Median Filter

e Gauss Filter

e Sobel Filter

e Histogram Filter

e Edge-Preserving Filter

e Lanczos Filter

e Sigmoid Filter

e Brightness/Contrast Filter
e Moments Filter

e Gamma Correction

Ports

Filter

Specifies the filter and its domain. It allows you select whethe filter should be applied to the
XY, XZ, or YZ slices or to the entire three-dimensional imad2epending on the selected filter,
additional ports will be visible.

Action
TheUndobutton allows you to undo the last filter operation.
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17.6.1 Minimum Filter

The minimum filter replaces the value of a pixel by the smalNatue of neighboring pixels covered
by an NxN mask. The size of the mask can be adjusted via the figbdi kernel size A value of 3
denotes a 3x3 mask (3x3x3 in 3D). If applied to a binatyel field the minimum filter implements
a so-called erosion operation. It reduces the size of a segaheegion by removing pixels from its
boundary.

17.6.2 Maximum Filter

The maximum filter replaces the value of a pixel by the largakte of neighboring pixels covered by
an NxN mask. The size of the mask can be adjusted via the imgddik&rnel size A value of 3 denotes
a 3x3 mask (3x3x3in 3D). If applied to a bindabel field the maximum filter implements a so-called
dilation operation. It enlarges the size of a segmentearegy adding pixels to its boundary.

17.6.3 Unsharp Masking

This filter sharpens an image using an unsharp mask. The ymstesk is computed by a Gaussian
filter of sizekernel size

Then, the smoothed image is subtracted from the originaj@saich that only high contrast remains.
The weighted difference of the original image (weight— ) and the blurred image (weighf.c%c1 )is
calculated afterwards using tebarpness parameter &t determines the relation between the original
and blurred image, effectively controlling the amount cduiginessc can be adjusted via a text input
field and should be in the range of 0.6 to 0.8. A value of 1 ledvesmage unchanged.

17.6.4 Laplacian Zero-Crossing Filter

The Laplacian filter is a rotation invariant edge detectitierfi The algorithm finds zero crossings of
the second derivative, i.e., changes of the sign of the fnstative of the "image function” which may
indicate an edge.

17.6.5 Median Filter

The median filter is a simple edge-preserving smoothing filtenay be applied prior to segmentation
in order to reduce the amount of noise in an image. The filteks/by sorting pixels covered by an
NxN mask according to their gray value. The center pixel entheplaced by the median of these
pixels, i.e., the middle entry of the sorted list. The sizé¢hef pixel mask may be adjusted via the text
field labeledkernel size A value of 3 denotes a 3x3 or mask (3x3x3 in 3D). An odd valuedgliired.
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17.6.6 Gauss Filter

The Gauss filter smooths or blurs an image by performing aalatien operation with a Gaussian
filter kernel. The text fields labelddrnel sizeallow you to change the size of the convolution kernel
in each dimension. A value of 3 denotes a 3x3 kernel (3x3x®in @dd values are required. The text
fields labeledsigmaallow you to adjust the width of the Gauss function relativéite kernel size.

17.6.7 Sobel Filter

The Sobel-Filter is a rotation variant edge detection filtssonvolutes the image with 4 different filter
kernels representing horizontal, vertical, and two diagonientations. Each kernel is constituted of a
combination of Gaussian smoothing and the differentiatidhe proper orientation.

17.6.8 Histogram Filter

This filter performs a so-callecbntrast limited adaptive histogram equalization (CLAHB)the data
set. The CLAHE algorithm partitions the images immntextual regiongnd applies the histogram
equalization to each one. This evens out the distributiomsefd gray values and thus makes hidden
features of the image more visible. Param&lentrast Limitdetermines the contrast limit for the
CLAHE algorithm.

17.6.9 Edge-Preserving Smoothing

This is a smoothing filter that models the physical procegifafsion. Similar to the Gaussian filter,
it smooths out the difference between gray levels of neighgo/oxels. This can be interpreted as a
diffusion process in which energy between voxels of high lamdenergy (gray value) is leveled. In
contrast with the Gaussian filter, it does not smear out tigeetecause the diffusion is reduced or
stopped in the vicinity of edges. Thus, edges are preserved.

Note that in the 3D mode the computation can take a rather long ifitiee data is large. A faster
preview is always possible by switching to the 2D mode.

The stoptime determines how long the diffusion runs. The longer it ruhg, $moother the image
becomes. Théme stepdetermines how accurately this process is sampled.

The contrastparameter determines how much the diffusion process depamthe image gradient,
i.e., how much the smoothing is stopped near edges. A val@enadikes the diffusion independent
of the image gradient and smooths out the edges, a large pedwents smoothing in all edge-like
regions.

In order to make the diffusion process more stable, the inmgeefiltered by a Gaussian filter with
parametesigma All features of sizesigmaare removed. This allows noise to be removed from the
image. But a too large value may also remove relevant feature
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17.6.10 Lanczos Filter

The Lanczos filter can be used to sharpen images. It perfonoswlution with a Lanczos kernel:

sin(mz) sin(27x)
222

fx) = ;o[ <2

The kernel size in each dimension can be adjusted using thengter input&ernel size A value of 3
denotes a 3x3x3 kernel. Odd values are required.

ParameteBigmadetermines the effective size of the Lanczos function. &ayd values of sigma the
effect of the filter will be a smoothing rather than a sharpgni

17.6.11 Sigmoid Filter

This filter operates on single voxels (kernel size 1) and élue raise a specific intensity range. This
is useful as a preprocessing step in image segmentationnfémsity range is described by its center
(£ and it widtha. The target image range is given by the intervair{, ma}.

f(z) = (maxz —min) - (1 + exp(— N+ min

z—f
«
17.6.12 Brightness and Contrast Filter

This filter modifies the image brightness by adding an offsethe image values. The contrast is
modified by multiplying the difference from the voxel valuegshe average image intensity.

f(x) = Brightnesst ., + Contrast (z — z4,),

wherez,, is the average (brightness) value in the image.

17.6.13 Moments Filter

This filter calculates the-th centralized moment of the data in a gliding window. Thatraized
moments of orden are defined by:

Fla) = g D =)™

i=0

The second moment (= 2) is therefore the local variance in the data. For some dasatisis can be
used to mask out noisy regions or to detect edges.

Because of the-th power involved in the computation, you may want to @stFielato do a con-
version of your data set to floats or doubles first.
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Figure 17.7 The ImageCrop editor allows you a crop a 3D image and to maitbounding box or voxel size.

17.6.14 Gamma Correction

A gamma characteristic is a power-law relationship thatraximates the relationship between the
encoded luminance in a display system and the actual desisege brightness. With this nonlinear

relationship, equal steps in encoded luminance corresfmsadbjectively approximately equal steps
in brightness. Computer graphics systems that requirecaidirelationship between these quantities
use gamma correction.

Specifying a large valu&ammaleads to darker images. TiRangespecifies the intensity values that
correspond to black and white. Intensity values outsiderdmge are clipped off.

17.7 ImageCrop Editor

This editor works on 3D fields with an arbitrary number of caments defined on a regular grid, e.g.,
3D images or 3D vector fields with uniform, stacked, rectiin or curvilinear coordinates. It allows

you crop such a field, i.e., to discard all voxels lying outsid a specified subvolume in index space.
Alternatively, you may adjust the physical size of the fieJddhanging its bounding box. Note that

this does not mearesamplingi.e., the number of voxels will not be changed.

Each node of a regular grid can be addressed by an index (ijjp#¢. Each index ranges from zero
to the number of slices minus one in that direction. Thisadiiso allows you to add new slices on
every side in every dimension. Last but not least, you carafiigh rotate the slices with respect to the
global x-, y-, or z-direction.

When you activate the crop editor, the dialog shown in Fidui& pops up. If the editor is activated
for a field with uniform, stacked, or rectilinear coordingtan addition a tab box dragger is displayed
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in the viewer window The dragger allows you to specify the subvolume to be crdjpmteractively in
3D. When you resize the dragger, the index bounds of the mistdvolume are permanently updated
in the corresponding fields in the dialog window.

The Auto cropbutton automatically adjusts the subvolume to be croppetdking into account the
value of thethresholdfield. Slices at the boundaries of the original data voluneecaopped if they
contain only data values smaller than the specified thrdsholthis way it is easy to isolate a bright
object in a 3D image with a large dark background.

In order to add slices, you must set the indices in the texddigleyond the limits of the total data
volume. When slices are added, by default the values of 8iesle in that direction are replicated.
If you switch off thereplicatetoggle, the text fielghixel valuebecomes active. You can then specify a
data value which is used to initialize the new slices.

In order to manipulate the bounding box of the data objeat; vaedues must be entered in the corre-
sponding text fields. For data objects with uniform coortisawo modes are availablegunding box
andvoxel size See section below for details.

All changes take effect if you press tl¥ or the Applybutton. They are discarded by activating the
Cancelbutton. As usual, the editor is closed by pressditgor Cancel Applywill leave it open, and
Cancelrestores the previous state.

17.7.1 Cropping an image by dragging and moving the box

Some experience with manipulatidgaggersis assumed. Using the draggers you can reduce or en-
large the data volume you want to preserve; enlarging ispofse, possible only up to the size of the
bounding box. The size of the dragging box can be manipulatedively in every direction of the
three axes, i.e., along the x-, the y-, or the z-axis. Theesin the text fields of the editor change ac-
cording to your manipulations. A certain minimum thicknesgreserved while reducing a dimension
of the box; for further reductions the text fields must be used

Using the draggers you control the size of the subset of theevadume which must be preserved, but
the location of it in the total data volume is set by moving o around to the desired location.

17.7.2 Cropping an image by setting values explicitly in théext fields

The text fields in the cropping area of the editor show thecesliof the slices that must be preserved
for every dimension. You can easily define a subset by sedtirsgnge of indices explicitly in the text
fields of an axis - this defines the size as well as the locatidheodata subset. Notice that a slice
index refers to an axis that is perpendicular to the slice.

17.7.3 Adding new slices

Adding new slices is only possible by setting an index thasdoot fall into the range given by the
minimum and maximum presently shown in threage Croppanel; thus a negative index must be
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specified if the minimum is zero. Use tMin or Max text field for the required axis text field to enter
a new slice index.

A warning dialog pops up asking whether you really want to mel slices; upon your confirmation,
the slices are added to the volume at the specified end anddaugdo the axis selected. The new
slices contain the data of the last slice in this directiog.,,éf you add two slices before the slice with
index 0 along the x-axis, they contain exactly the same datheslice with index O.

17.7.4 Changing the size of the bounding box

You change the size of the bounding box by setting new valypkcély in the bounding box fields.
This doesnot affect the stored data, but its representation as displayeal viewing module, e.g.,
OrthoSlice by way of a different scaling for the specified dimensions.

The bounding box of a data set with uniform coordinates digsdhe world coordinates of the center
of the lower left front voxel (min values) and the center & tipper right back voxel (max values). For
example, if your input is 256 pixels wide and the size of eamkelis 1mm, then you may sgMin to

0 andxMaxto 255.

If a data set with uniform coordinates is being edited, iadtef the bounding box, also thvexel size
can be modified. You can switch between the two modes and sed&donding box and voxel size
influence each other.

17.7.5 Flipping slices in one dimension

Press one of the three flip buttons to reverse the order @&ssiicthe corresponding dimension, e.g.,
click on FlipX to flip the slices in the x-dimension.

17.7.6 Exchanging two dimensions

Press one of the three exchange buttons to interchange tesgonding dimensions, e.g., click on
X-Y to interchange the x- and y-dimension. CAUTION: The excleaoperations are not rotations;
they change the spatial orientation of the dataset.

17.8 LandmarkEditor

G This component allows you to edéndmark setslt operates by directly interacting with the 3D
geometry in the viewer window, cf. Secti@?. In order for this to work, the viewer must be switched
to interaction mode, e.g., by pressiB§Cas described in its documentation.

The editor has differeridit modes which are described in the following:
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Figure 17.8 User interface of the landmark editor.

e Add. In this mode new landmarks are added by clicking onto a pié&®aqeometry (e.g., an
Isosurface or an OrthoSlice). Multiple clicks are requiifébe landmark set contains more than
one point set.

e Move. Markers can be moved in this mode by first clicking on the mafselecting it) and then
clicking to a new position.

e Transform. In this mode, markers can be moved using a dragger. Click erobthe markers,
then use the dragger to manipulate it.

e Flip. Flip geometry of marker. This only makes sense if the mankae ts notPoint

e Remove. The marker you click on will be removed. If more than one paitis present, the
marker will be removed from all sets.

e Query. After you click on a marker, its type and its xyz-position atewn. The marker type
can be changed via an option menu. The default marker typ®déng represented by a little
sphere. In addition, a number of predefined medical markessygan be selected. In contrast to
point-type markers, medical markers have fixed predefirma$giworld coordinates assumed to
be given in centimeters).

See also documentation fhbandmark Set

17.9 LineSet Editor

[B] This component allows you to edihesets It operates by directly interacting with the 3D
geometry in the viewer window, cf. Secti@?. In order for this to work, the viewer must be switched
to interaction mode, e.g., by pressiB§Cas described in its documentation. Points and lines can be
selected by clicking on them in the viewer. Selected pointmes will be highlighted in red. Multiple
actions can be performed by pressing one of the buttons iA¢tienport. They are described below.

TheSelectegort tells you how many points and lines are selected at theend.

In the Display port you may choose how the lineset is displayed. By clickinghe toggles, option-
ally all points endpoints and/orlines will be displayed in the viewer. Only displayed geometry is
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selectable. The default endpointsandlines
The Selectport provides the following selection modes:

e All. All lines will be selected.

e By Length. An additional dialog pops up where you can enter the minimdlmaximal num-
bers of points in lines that are to be selected. Pressin@téutton actually selects the re-
guested lines.

e Clear. The current selection will be cleared.

e By Line Index. Brings up a dialog that lets you enter a line index. PresdiegOK button
selects this line.

TheActionport provides the following actions:

e Connect. This button allows two lines to be connected. In order to ds, taxactly two points
must be selected, otherwise this button will not be active.

e Delete.Selected points and lines will be deleted from the lineset.
e Stretch. All selected lines will be smoothed.
e Split. All lines will be split at selected points.

17.10 Parameter Editor

The Parameter Editollets you view and modify the parameter list associated witlata object. A
parameter is a name/value pair which contains extra infoomaelated to the data. Some parameters
have a special meaning withamira, see Sectio?? of the user’s guide.

To change the value or name of an existing parameter, clickherrespective line and change the
name/value in the text fields. To add a new parameter, rigtk oh the root of the parameter tree,
labeledParametersand selecNew ParameterThen select the new parameter to change its name and
value.

Note that there are many standard file formats which do nop@tiparameter information to be
written. If in doubt, usemira’s native AmiraMeshformat. This format does write parameters.

17.11 Plot Tool

ThePlot Toolis a special-purpose viewer designed to display 1-dimeasiata, e.g., function curves.
Instead of being a separaeira module, thePlot Toolis invoked implicitly by certain modules such
as thedata probing modulex theLabelVoxelmodule. Each of these modules generates 1-dimensional
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data such as a function plot along a line or a histogram. Whéelata-generating modules control the
initial settings of the plot window, the user can freely adjthese settings afterwards.

17.11.1 Plot basics

The layout of the plot is determined by objects and groupdgais. These entities are processed by
a plot engine. In particular, there are objects for

e Curves

e Cartesian axes
e Polar axes

e Plot areas

e Legends

e Annotations

e Marker lines

e Lattices

e Colormaps

The plot engine processes the objects top to bottom (seed-liplow). The sequence of objects
determines their behavior. Objects of tyP®tAreadefine the area within the plot window where
objects are placed. This area is given in normalized coatdswith the origin at the lower left
corner. Besides this, BlotAreaobject also acts as a grouping object. An axis is placed ih smc
area and establishes, together with the precellotArea a window-viewport (world coordinates to
normalized coordinates) transformation. Note that theajmust be kept in the following sequence:

& Parameter, Dialog

File Edit Help

Marne Walue

Parameters
BoundingB o 0392157 199.608 0.392157 199.608 0.393678 135.606
Content 128412887 byte, uniform coordinates
CoordType unifarm
Filename :/Program Files/Mercumdfmira 4.0/datatutonialz/lobus.am
LoadCrnd load " /Program Files/Mercurydmira 4.0/datadtutonials/lobus. am

LoadCmd load ' /Program Files/M ercury/Amira 4.0,/datatutonialz/lobus. am |

[1]4 ] [ Apply ] [ Cancel ]

Figure 17.9 User interface omira’s parameter editor.
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@ SplineProbe Samples

File Edit Config
/8GR

250

Figure 17.1Q amira’s plot window.

1. PlotAreg 2. Axis 3. CurvesandMarker lines Legends display all succeeding curves in the
sequence and can be placed wherever needed. It is possitdedanore than one plot area or axis in
a plot setup.

Every object is identified by a unique name. You will need towrhese names if you want to change
certain object attributes via the command interface oftlog Tool

17.11.2 Editing parameters

In order to change the parameters of a plot object, sele@dhiébjects..item from theEdit pulldown
menu of thePlot Tool A window appears with the list of names of all objects cutlseim use. When
you select one of these objects, the parameters of thattaojedisplayed and can be changed. The
is activetoggle near the lower left corner of the window can be usedvitch the processing of the
selected object on or off. If the processing of an object Whias group functionality (Plot Areas, Plot
Groups) is switched off, all objects within that group arsoahot processed.

The following sections document all parameters that areselbtexplanatory.

17.11.2.1 Editing axis parameters

To choose the x- or y-component of an axis, just click on therepriate tab. If you want to change
the range, you must switch off tiutotoggle. This causes the range fields to become sensitive. The
Nice Numtoggle sets the range to the next "good looking” boundarfesick deltacan be typed in
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|_X—| v axis
Range: 0 1139.057 | [¥/] Auto /] Nice Nums

Ticks: |5 3”1 | Mice Mums Format
Subticks:

Intersection: (&) Min () Mid () Max () 0.0 [ | Box
Type: (@) Lin () Log is Visible

Aitributes: Color D Linewidth: [[] Arrow
Label: Position: Color: D

Figure 17.11 Dialog for editing plot objects. On the right hand side tlatcols for editing axis parameters are shown.

Annotation

Text [Probe Plot |

Position: () Normal (8) World

Font | Helvetica-Bold_24 v

Color: ||

Options: [ | Frame [ | Fill Background with Colo

Figure 17.12 Editable annotation parameters.

after thenumber of tickss set to -1.

It is possible to zoom interactively into your data using theuse. To do this, drag a rectangle within
the plot area by pressing the shift kegdthe left mouse button while moving the mouse. To go back
to the automatic ranges, click into the plot area with thereuse button while the Alt key is pressed
at the same time.

Every axis object has a hidden grid child object which is rativa by default. To show the grid, just
open the grid child and select it. Then set ihactivetoggle to on.

17.11.2.2 Editing annotation parameters

To position an annotion on your plot, you can switch betweerldwcoordinates or normalized coordi-
nates. Using world coordinates is convenient if you wanttocdate a certain feature, e.g., an extrema
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legend

Position: [0.65 |[0.95 | Delta: [-1 \

Orientation: () Horizontal (@) Vertical
Options: Frame Color D Labelcolor D
Type: |Legend Block

Figure 17.13 Editable legend parameters.

Markerline

Position: () Horizontal (@) Vertical
v| widt:[1 =] color [_]
Label: Show Format |°/ng | Align: |top center v

Probe: [ | Probe Markwim

Line: Type: |

Figure 17.14 Editable marker line parameters.

of a curve. In this case you must insert the annotion afterdheve object. You can also position
an annotation in the plot window interactively by pressihg teft mouse button on the annotation,
moving the mouse, and then releasing it at the new position.

17.11.2.3 Editing legend parameters

There are three types of legends possibld:eyend Blocldisplays an entry for each curve together
with a short line depicting the appearance of the curvesNatne Blockis just a list of the curve
names. The position and orientation for both types can bepukated easily in the editor window. The
position denotes the coordinates of the first legend itensiti®as of legends are always normalized
coordinates. The delta parameter applies only to the aifyg coordinate. You can also position a
legend in the plot window interactively by pressing the haftuse button on one of the names in the
legend, moving the mouse, and releasing it at the desirdtigrosThe third legend typeName Lis}
displays a list of curve names, too. But in contrast to theldype, you can move every name around
separately, like you can with annotations (see above).

17.11.2.4 Editing marker line parameters

The position of a marker line must be given in world coordésatAlso be sure that the marker line is
inserted after the appropriate axis. You can shift a maikerHorizontally resp. vertically in the plot
window by pressing the left mouse button on the marker lineyathe mouse and release it at the new
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histo2Cr
Dims/Range/BndBox: 256 %256 /0.1 /0255 0255

Lattice Style: I Image vl

Gamma: M .00

Dptions: | Global Colormap

Figure 17.15 Editable lattice parameters.

position. Marker lines can be used to probe those curveshidatong to the same group (PlotArea)
as the marker line. You can display the value where the méineintersects the selected curve the
first time. This intersection can also be indicated with akeasymbol.

17.11.2.5 Editing lattice parameters

A lattice is a two-dimensional field which is rendered as aagmby default. If both dimensions are
less than or equal to 32, a lattice can also be rendered azdalots in a gridGridded or as dots of
different sizes $po) to represent the values. For lattices rendered as imaggsnea value can be
set to enhance the image. Lattices have a colormap (Defdatk to white) which can be set through
the appropriatamira modules. Global colormaps are not supported witlriira.

17.11.2.6 Editing colormap parameters

Colormap@hista2D
- O Length: 258

Range: IU I‘I vV Auto

Edit: Reverse |

Figure 17.16 Editable colormap parameters.

Colormaps have only a few editable parameters: The minimamaaximum values can be given or
taken from the axis if there is one. Furthermore the colorgapbe reversed. The colors itself can
only be changed with themira colormap editor.

17.11.2.7 Editing (analytical) curve parameters i
Besides the more or less self-explanatory parameters btthetcurve and analytical curve (AnCurve)

parameters, there are a few things to mention regarding ArgSwnly. TheFunctiontext widget
contains the formula which is computed on every plot updete. default formula ig, which produces
atransversal line where x runs from -1 to 1. Itis possibles®tlhe name of another curve as a variable
in the function. In this case the x-values of the first curvéhie formula are taken to evaluate the y-
values of all variables in use. These y-values are then wsetié computation. You can restrict the
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AnCurve

Range: n:21 x-1..1 y:-1..1

Draw Siyle:
o] wid: [ =] color [ ]
Marker: Type Frequency: 1] Color [ ]
Function: [] ExplicitRange

Range: From: |-1 |T0: |1 |Delta: |D.1

Labet

Line: Type: |

Figure 17.17 Editable (analytical) curve parameters.

range of the computation by activating tBe&plicit Rangetoggle and entering the appropriate range
values. There are many built-in functions such as sin, @s, 2qrt, exp, ... which can be used in
formulas.

17.11.3 Working with plot objects

You can copy or delete plot objects. For example, it may b&ulife comparison purposes to copy a
curve before the data of the original curve will be changeddd so, you must select the object in the
list and then choose thedit/Copypulldown menu. After that, choodeasteor Appendin the menu
and the object will be inserted at the current position (Stpmsof the selected object) resp. the object
will be placed behind the selected object.

With the New pulldown menu you can create new objects which will be irezkdt the appropriate
positions in the list of objects.

17.11.4 Printing

TheFile pulldown menu of the main plot window provideSaapshoitem where you can send the plot
directly to the default printer or save it as an image fileslaiso possible to generate a vector-based
PostScript file of the plot by using thint command (see below).

17.11.5 Saving data

TheSave Data..item under thd=ile menu lets you save the data of all curves in a file. The file dialo
presents a list of formats suitable for saving the data.
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17.11.5.1 Data formats

The Amira-Plot-Format(.ampl) is a proprietary format which should be used if yountta plot the
data later on within thamira plot facilities. Use the&snuplot-Forma(.dat) if you plan to use Gnuplot
to plot the data outside @mira. If you need to import the plot data into a spreadsheet progdjke
Microsofts’s Excel, use th€ESV-Formai{CSV = Comma Separated Values) (.csv). Bpreadsheet-
Format(.am) can be loaded and processealhyra.

17.11.6 Saving the plot state

If you changed your plot setup a lot, you can save this setapsimilar fashion like th&ave Network
functionality. That is, first save th@mira network, and then save the plot state into a second file. To
resume aramira session, invokamira and load the two script files (mira network, 2. Plot state).
Note that the size and the position of a plot window is savedraatically if it is opened by aamira
module and th&ave Networknenu item is invoked.

Commands
In amira, Plot Tool commands have the following structure:
$thePlot command parameterg
or if the command applies to a plot object:
$thePlot  objectname commarjdparameterg
The following general commands are available:

getSize
Returns the size of the plot window.

setSize <width> <height>
Sets the size of the plot window.

getPosition
Returns the size of the plot window.

setPosition <x> <y>
Sets the position of the plot window relative to the uppetrdefner of the screen.

setBackgroundColor <r> <g> <b>

This command sets the color of the background to a specificeval’ he color may be specified
either as a triple of integer RGB values in the range 0...285%, triple of rational RGB values in the
range 0.0...1.0, or simply as plain text, e.g., white, whieedist of allowed color names is defined
in /usr/lib/X11/rgb.txt.

hide
Hides the plot window.
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show
Shows the plot window if it is hidden.

getObjects
Displays a list of all plot objects currently in use.

update
Processes the plot object and updates the display.

shapshot <filename>

Takes a snapshot and saves it under the given name. The duffecfdename determines the raster
format used. Available formats are: TIFFf(.tiff ), SGI-RGB (rgb,.sgi,.bw ), JPEG
(.jpg,.ipeg ), PNM (.pgm,.ppm ), BMP (bmp), PNG (png ), and Encapsulated PostScript
(-eps )

print [options] <filename>

Prints the plot window into a PostScript file (vector basedhwhe following options:
-a4 : generates a4 landscape output (Default).

-ab : generates a5 portrait output.

-auto : switches autoscaling on (Default).

-bw : generates black and white output.

-color : generates color output (Default).

-eps : generates encapsulated PostScript.

-fillbg : fills the background according to the plot window.
-frame : draws a frame around the plot.

-landscape : prints in landscape format.

-noauto : switches autoscaling off.

-portrait : prints in portrait format.

-windowsize : generates output of window size.

saveData <filename>
Saves the data of all data based plot objects in a proprifiemat.

saveState <filename>

Saves the current plot state into a script file that can be teseelstore the plot setup in a future
amira session.

load <filename>
Loads data from the filename and stores it in a curve plot dbjec

The following commands apply to plot objects:

getMinMax
Returns the minimum and maximum values of objects of tyfigve, Cartesian Axis, Polaraxis
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setMinMax <minX> <maxX> <minY> <maxY>
Sets the range dartesian Axis, Polaraxis

getArea
Returns the plotting area &otAreaobjects.

setArea <lowerleftX> <lowerleftY> <upperrightX> <upperr ightY>
Sets the plotting area ofRlotAreaobject.

getXValues
Returns the x-values of@Gurve

getYValues
Returns the y-values of@urve

set[X|Y|Phi|R]TickValues <1. tick> <2. tick> ... <n. tick>
Sets the position of the ticks along an axis. It is availabledbjects of type: Cartesian Axis,
Polaraxis.

set[X|Y|Phi|R]TickLabels <1. label> <2. label> ... <n.

label>

Sets the labels of the ticks along an axis. It is availabledigjects of type: Cartesian Axis,
Polaraxis. If there are fewer labels than ticks the remaitizks will be unlabeled.

17.12 Segmentation Editor

The Segmentation Editds a tool for interactively segmenting 3D image data. Imaggngentation is
the process of dividing an image into different subregiaisd called segments). In the bio-medical
context these segments can be for example different orgaissoe types, e.g., materials. amira,
segmentation is done by first selecting voxels and then @isgighese voxels to a particular mate-
rial. The labels are stored inleabel Field The Segmentation Editdets you edit such a label field.
From the final label field polygonal surfaces can be recootlusing theSurfaceGemodule. The
documentation of th&egmentation Editds separated into the following parts:

e Overview of the segmentation editor
Manipulating the material list
Working in 4-viewer mode

Selection tools

e Segmentation tools

Selection filters
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Figure 17.18 The Image Segmentation Editor.

e Labelfilters
e Key bindings

17.12.1 Overview of the segmentation editor

In order to activate the segmentation editor, press the énBgmentation edit button of a selected
Label Field Then an instance of the editor will be created and a new wiraoshown in Figur&7.18
pops up. The major parts of this new window are:

e Material List: In the upper right corner of the editor window a list of maaésiis presented.
Here you can add, remove, and rename materials, and youleahtbe current material.

e Tool Box: Below the material list several tools for interactive mauigtion of the segmentation
can be selected. Depending on the currently selected talifi@hl widgets show up in the
options frame.

¢ Info Area: Below the tool box some basic information like the currentsou position or the
material under the cursor is displayed.
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e Menu Bar: From the menu bar additional tools and filters can be accessedu entries with
dots (...) after the name open an additional dialog window.

e Image Viewer(s): The biggest part of the window is covered by one or four imaigevers,
displaying the labels and the current selection in diffdyeoriented slices.

By default, the viewer is displayed rviewermode. Three 2D viewers and a single 3D viewer are
displayed. If you prefer to work with one larger view rathkam four smaller views, click on the
Layoutlbutton in the viewer toolbar. To cycle through each of therfaiews, press théayoutl
button repeatedly. To return to 4-viewer mode, presd th@utdbutton.

Basic principle of interactive segmentation

The basic idea of interaction in the segmentation editortis first selectsome voxels and then to
assignthem to theactive material The simplest way of selecting pixels is to simply draw witle t
mouse when thBrushor theLassotool is active (see below for details). Selected pixels é&pldyed
in red.

To add selected pixels to the active material, click the "#ttbn. The active material is the material,
which is currently selected in the material list. New matksrcan be added by pressing tewbutton
above the material list. Every pixel can only be assigned®roaterial.

Note that even with the advanced tools providedamira, image segmentation can be a time-
consuming process! Due to limited main-memory and for perémce reasons, there is only a limited
undo space for 2D interaction and most 3D operations cammanidone. Therefore it is highly rec-
ommended tdrequently save the label fiettiring the process of segmentation.

To get started it might be a good idea, to choosertege segmentation derfrom the Users Guide’s
demo section and start by modifying an existing label field.

The menu bar

Two segmentation-specific menus are addeanbira’s main menu barSegmentatioandSelection
The entries of the&Selectionrmenu are described in a separate section below. Menu ewnitleslots
(...) after their name open an additional dialog.

The items of theSegmentatiomenu are described here:

e Undo: This entry undoes the last operation. Successive invatafiondois possible, allowing
you to undo several operations. Note that for memory andp@dnce reasons, 3D operations
can not be undone. Therefore it is highly recommended taifretly save the label field.

e Data window...: This entry brings up an additional dialog, in which you camntcol the data
window and the opacity of the selection.

e Orientation: You can use this to select the orientation of the active vieweu can also flip
the X, y, or z coordinates of all of the viewers.

e TissueStatistics:This entry brings up a dialog which lists the results comgigthe TissueS-
tatistics module on the current data set and segmentat@rarFexplanation of the modes, see
the documentation of théissueStatisticenodule.
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Figure 17.19 The material list.

Fill holes: Invokes a label filter. Sekabel filters

Remove islands...1nvokes a label filter. Sekabel filters

e Smooth labels....Invokes a label filter. Sekabel filters

Gray image: Selects the data set to be displayed in the viewers.

Gradient image: Selects the gradient that will be used by some of the toolseo$§eégmentation
editor, for example, the Blowtool.

Preferences

It is possible to specify various preferences in Begmentatiotab of theEdit/Preferencesnenu of
the main menu bar.

e Slice Position: Allows you to switch on and off display of the borders of thiee$ in the 3D
viewer window.

e Show 3D:When checked on, the currently selected voxels are disgliayene 3D viewer win-
dow.

e Points], Points2 Solid: These radio buttons allow you to choose the draw style ugedéov-
ing the currently selected voxels in the 3D viewer window.

17.12.2 Manipulating the material list
To select a material in the material list, click on the matename with the left mouse button. The
selected material will be highlighted in dark blue.

Press thé&lewbutton to add a new material to the list. To delete a mates@éddct a material, then press
the Deletebutton.

Click on the color square to the left of the material name todpup acolor dialogto edit the color.

Click on the eye icon to the right of the material name to siwitte material visible or invisible in the
segmentation editor. An empty eye means invisible, a noeyalimeans visible.

Click onthe lock icon to lock or unlock the material. If a madgis locked, no voxels can be subtracted
from this region, neither explicitly, nor implicitly by adlty them to another material. The lock icon
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indicates the current state (locked, unlocked).
Press theselectbutton to select all pixels of the corresponding material.

The current material is the material which is assigned tectetl voxels if the "+” button is pressed.
This material is displayed with a gray highlight. In the miaHist the current material can be selected
by clicking on the material name with the left mouse buttorsp&cial behavior is obtained if one of
the Shift Control, or Alt keys on the keyboard is held down while selecting the mdteria

o If Shiftis held down, all voxels which are already assigned to thecsed material are added to
the current selection (either in the current slice or in th®l& volume, depending on the value
of the 3D toggle described below).

e If Controlis held down, all voxels assigned to the selected materiabe&ideselected (either
in the current slice or in the whole volume, depending on tiaes of the 3D toggle described
below).

e Holding down theAlt key does the same &hiftexcept that the selection is cleared before new
voxels are selected.

Additional options of the material list can be accessed @jup menu, which shows up when the
right mouse button is pressed on a particular material eftrg following menu entries are provided:

e Draw Style: A submenu offers different styles how pixels belonging t@gipular material are
rendered in the image viewer. The possible appearances are:

e Invisible: The material is not visible. You can also control the visipiby clicking on
the material’s eye icon of the material list.

Contour: The segments are enclosed by lines.

Hatched:The segments are enclosed by lines and shown hatched.

e Dotted: The segments are enclosed by lines and filled with dots.

Light Dots: The segments are enclosed by lines and filled with less dots.

e Locate: This command sets all viewers to the slice with the largegbreof this material. This
is especially useful to navigate in large data sets with nmaaterials.

e Delete Material: If you chooseDelete the material you have clicked on will be deleted. Voxels
belonging to that material will be assigned to the first maten the list (typically the back-
ground). You can also delete a selected material by prettsaigeletebutton above the material
list.

e Rename Material: With this option you can change the name of a material. A texsar
appears and lets you edit the name as easily as any otherdextlifithe new name is equal to
the name of an existing material you are asked if the thesertaterials should be merged. It is
not possible to have to different materials with the sameeam

e Edit Color: This command brings up eolor dialogin which you can easily change the color
of this material. You can also access the color editor byirigz on the material’s color square
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in the material list.

e Lock/Unlock Material: You can lock a material with this option. A lock icon to thehrigf the
material indicates its current state (locked/unlocketia iinaterial is locked, no voxels can be
subtracted from this region, neither explicitly, nor ingitlly by adding them to another material.
You can also lock/unlock the material by clicking on the miaiés lock icon in the material list.

e New Material: By selecting this option from the popup menu a new entry isedd the
material list with a randomly chosen color and a default naeng., "NewMaterial’. These
properties can be changed as described above. You can alte ernew material by pressing
theNewbutton above the material list.

e Lock All: This locks all materials.

17.12.3 Working in 4-viewer mode

Initially, in each 2D image of the image segmentation edit@r current slice with colored contours
surrounding the different segments is shown. Near the bodticthe image you find a slider to control
which slice of the 3D volume is currently displayed. Theelimmber and the total number of slices
is displayed in textual form at the top of each 2D slice winddwe orientation of the slice can be
changed via the menu entvfew Orientatiorin the menu bar. In medical notation XZ denotes an axial
slice, XZ a frontal slice, and YZ a sagittal slice.

A viewer can be made the active viewer by clicking in the vieitgelf. The last window you worked in
will be active. Be careful when clicking into the image in 3de. If thePicktool or theMagic Wand
tool is active the resulting selection operation may takeestime to compute. Useegmentation/Undo
to remove any unwanted selections. All 2D operations lilee"t# or "-" are always performed in the
active viewer, i.e., the slice and orientation of the actiesver will be considered.

The 3D viewer

The upper-left viewer is a standaaginira 3D viewer. All modules will display in this viewer too
(depending on the modules’ viewer masks, as usual). Iniaddhere is some special 3D support for
segmentation, which is controlled by th8D and-3D buttons in Selection tools area.

By default, the current selection will be displayed in the\B®wer as a point cloud. After each change
of the current selection (i.e., after each brush stroke)dtbplay will be updated. On slower computers
or for very large data sets, this may become slow. Switchha&f3D check box of th&egmentation
tab of theEdit/Preferencesenu to disable display of the highlighted region in the 3&wer.

The Draw ROl buttons allow you to modify the selection in 3D. You can adcimp 3D regions by
drawing in the 3D viewer. See tl&election toolsection for details of the operation of th8D and
-3D buttons. Note that the shape of the added or cropped regibalsa depend on the camera mode
you are in, orthogonal or perspective. For a related tookébting volumes, se®olumeEdit

Using the zoom buttons

The zoom buttons control the size of the image. An info lingharight hand side of the buttons shows
the current zoom factor. For example a zoom of 2:1 means thatels on the screen correspond to
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one pixel of the original data set (magnification), while Wwduld mean that four pixels of the data set
correspond to one pixel on the screen. If the pixel size istim@tsame in all dimensions, the zoom
factor belongs to the horizontal direction only, to mainttdie correct aspect ratio of the voxels.

Data range and histogram

The histogram displays the distribution of gray values mdinay value image. Use the sliders below
it to adjust the data range for the display. You can adjustdhge by clicking and dragging the right

and left edges of the slider bar. You can adjust the entirgeat once by clicking and dragger the
center of the slider bar, which will adjust the brightness.

17.12.4 Selection tools

The basic principle of the segmentation editor is to firstsevoxels and then to assign the selected
voxels to the current material. This assignment is donegusia "+” button. Besides the "+” button,
there are some other buttons which can be used to perfortisel®perations. The complete set of
buttons follows:

3D toggle: Radio buttons let you choose to operateadhslices or just thecurrent slice If the
3D toggle is activated, i.e., you have selecididslices the selection tools in this group operate in
3D mode. For example, th@lear button clears the whole 3D selection, not only the currenesl
Currently, in 3D mode no undo is available. Therefore, beftduwhen activating the 3D toggle.
Usually, it is advisable to disable the toggle again aftenpleting a particular 3D operation.

Clear: This button lets you clear the current selection. If the 3gite is activated, the selection
is cleared in all slices.

@ Replace: This button tries to replace a selected region. Assume yot twanodify the contours
of some region. As long as the new contours fully enclose teeipus ones this can be easily achieved
using the "+” button. However, if the new region is small@ings are more complicated. The replace
button looks for connected regions under the current setfebelonging to the current material. Pixels
which belong to such a region but which are not selected ai@vatically assigned to some other
neighboring material. Selected pixels are assigned touheit material. In this way a replacement
is performed.

Add: This button adds all selected voxels to the material culyeeiected in the material list.
Voxels assigned to a locked material are not affected. I&hié&key is held down while clicking the
button, the voxels remain selected. Otherwise the seletioleared afterwards.

Subtract: This button lets you subtract all selected voxels belonginthe current material
from that material, provided the current material is nokkxt. The pixels are automatically assigned
to some neighboring material which is interpreted as a Ibaakground.

Draw ROI Add: This button selects voxels to be added to the current higtdayregion. Click
on this button, holding the left mouse button pressed dowd,drag the mouse in the 3D viewer to

Segmentation Editor 487



draw. When you release the mouse button, the voxels are aoldeel current selection. If théontrol
key is pressed when starting to draw, the inverse of the sadiog region will be selected. This draw
tool can also be activated by pressing thesy in the viewer window in interaction mode.

Draw ROI Subtract: This button selects voxels to be removed from the currertilighted
region. Click on this button, holding the left mouse buttoegsed down, and drag the mouse in the
3D viewer to draw. When you release the mouse button, thelv@re removed from the current
selection. If theControl key is pressed when starting to draw, all 3D points which liésime the
surrounded region will be cropped.

17.12.5 Segmentation tools

Several segmentation tools are provided allowing you tecs@reas in the current slice for subsequent
edit operations. A tool is activated by clicking on its icoitiwthe left mouse button. By default,
selected areas are drawn in transparent red color. Thetpmdiche red color can be modified using
a dialog under th&egmentation Data Windowmenu. Alternatively, selected areas can be visualized
using the same draw styles as ordinary labels. The diffateaw styles are listed under ti8elec-
tion/Draw stylesubmenu. However, in most cases the default transpargatagis most appropriate
because then selected areas cannot be mistaken for labgleds.

Once a segmentation tool is activated, certain actions egrelformed in one of the viewer windows
using the mouse. The operation of most of the tools can befraddiy pressing th€trl or the Shift
key. Ctrl typically deselects voxels instead of selecting them, e@Hiftadds voxels to the selection
instead of replacing it. The descriptions of the individigalls provide more details.

E] Pick & Move

This tools does two things. First, it lets you select a cotegtecegion assigned to one particular
material by clicking on an image voxel with the left mousetbnt If the select alltoggle is active,
all voxels belonging to the same material as the clicked Maxebe selected, either in 3D or in the
current slice only, depending on the value of the 3D togdi¢hd Ctrl key is held down, voxels will
be deselected.

If the mouse is over an already selected pixel, the mousectakes on the shape of a hand. Then the
tool lets you translate the current selection. By pressmgrdtheShiftkey you can rotate the current
selection. However, note that this might give strange tedal pixels with an aspect ratio different
from one (for example in frontal or sagittal slices in a latelld with stacked coordinates).

WhenAll slicesis checked, your selection will apply to all slices, not jtis current slice. Currently,
in 3D mode no undo is available. Therefore, be careful wheivaimg All slices Usually, it is
advisable to deactivate the toggle again after completipgracular 3D operation.

Brush

If this tool is activated, you can select regions by paintiogels with the left mouse held down. The
size of the brush can be modified via a slider in the tool's m@mtanel. For common smaller sizes
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dedicated push buttons are provided. Note that the sizeeisifigm in screen pixels, not in image
pixels. If the center of an image pixel is covered by the bytisat pixel is selected. If th€trl key is
held down or if the middle mouse button is used, pixels areléeted instead of being selected.

The right mouse button is a flood fill tool. For example, you msayround a region in the image by
drawing along its border and then click into the middle of tierently unselected interior part to fill
it. Again theCtrl key inverts the operation, i.e., it deselects connectets pdthe selection.

Lasso

The Lassolets you define an area by generating a closed contour curseally, you draw such a
curve freehand with the the left mouse button pressed, mialso possible to fence an area with line
segments by pressidgt, and clicking successively to points with the left mouseadiutholding down
the Alt key all the time). Successive points will be connected withight line segments. To finish
interaction, release thdt key and click a last time. The contour is then closed and fdlematically.

When theauto traceoption is enabled (this is the default), the line segmergsaatomatically fitted

to image edges. Click with the left mouse button to define distppoint. Dragging the mouse after
releasing the button a contour curve automatically fittetheoclosest image edge is drawn. Further
mouse clicks mark fixed points on the contour. Contour pamsvd before the latest mouse click
remain in place. Close the contour by clicking with the meaiouse button.

The underlying algorithm calleiatelligent scissorsvorks by finding the shortest path in a cost matrix
which is computed from the image’s gradient image. If theéaptrace edgess switched off, then
the image itself is interpreted as a cost matrix. Disablirig option is useful for images where object
boundaries already appear as isolated bright lines.

Magic Wand

This tool performs a so-called region growing either in 20roBD, depending on whether the 3D
toggle is activated or not. Clicking with the left mouse butbn a voxel selects the largest connected
area that contains the voxel itself and all voxels with grajues lying inside a user-defined range.
The range can be specified via two spin boxes shown in thestootfitrol panel. The values of the
spin boxes either define absolute gray values or valuesveelat the gray value of the seed pixel,
depending on whether trebsolute valuesoggle is activated or not. If necessary, the range will be
automatically modified so that it the contains the seed voltés possible to modify the range even
after the seed voxel has been selected. For conveniendewtethreshold can be quickly modified
by clicking the middle mouse button (or shift-clicking thight mouse button) and moving the mouse
horizontally. Likewise, the upper threshold can be quickiydified by clicking the right mouse button
and moving the mouse horizontallyitual slider modg. However, note that in 3D mode the selection
is not updated on-the-fly while modifying the thresholdstéad, it is updated once after releasing the
mouse.

Thesame material onlyoggle restricts the search to voxels which are assigndtetedme material as
the seed voxel. For example, if the seed voxel belondgsterior, voxels which are already assigned
to different materials will not be selected. This is usetutéstrict the selection to certain parts of the
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image. Paths out of a region of interest can be obstructed asblocker region.

If thefill interior toggle is set, holes inside the selected region will be filletbmatically. This has the
same effect as pressing thkey afterwards, which also fills the current selection. Awédic filling is
only done in 2D mode, but not in 3D mode.

Finally, thedraw limit line button lets you specify additional barriers for 2D regionwing. After
pressing this button you can draw arbitrary polylines inutesver window. Voxels covered by such a
limit line will not be considered for region growing. Instkaf pressing the limit line button you can
also press th€trl key to temporarily enter the limit line mode. Existing linfiites can be deleted by
clicking on them with theCtrl key being pressed.

Note that all seed points together with the correspondingeavalues and limit lines are stored in the
parameter section of the label field. This makes it possthasily correct a selection at a later time.

WhenAll slicesis checked, your selection will apply to all slices, not jingt current slice. Currently, in
3D mode no undo is available. Therefore, be careful whernatatgall slices Usually, it is advisable
to deactivate the toggle again after completing a particaoperation.

PropagatingContour

This tool is a fastActive Contour From a number of specified seed points a boundary front esolv
It computes the position of the front at all times up to thedime. A slider and a text box allow
the user select the appropriate front after pressing thialimation button. There are three buttons:
Menupops up the parameter mer€iear removes the current seed points (hot-R¢yandInit starts
the computation (hot-keB).

Blowtool

When you click with the left mouse button on a voxel and dragrtiouse without releasing the button,
an initially circle-shaped contour blows up. The greater distance from the initial position of the
mouse click, the more the contour grows. The contour is desido grow in areas with homogeneous
gray values and to stop where gray values change abrupthatiimage edges.

The tolerance slider in theption panelcontrols how sharp the image edge has to be in order to stop
the contour from growing at each contour point. The smallertblerance, the sharper the image edge
has to be. If the tolerance is large, the contour will evep stoweak edges. After you release the
mouse button, the area within the contour will be marked.

Before the computation, the image is smoothed using a Gaussioothing filter. You can change the
width of the filter within ranges of 1 (no smoothing) to 8 (vémpad smoothing). The default value is
4.

Crosshair

The crosshair tool is only active in 4-viewer mode. It simgisplays a crosshair in all three orthogonal
viewers. The colors denote the different directions (redxis, green=y-axis, blue=z-axis). Clicking
into one of the viewers moves the crosshair and simultagopslates the two other viewers so that
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the crosshair’s center is visible in all three viewers.

17.12.6 Selection Filters

Under theSelectionbutton of the menu bar several filters for modifying the cnotrgelection are
provided. These include simple morphological operatismsyothing filters, and interpolation tools.

Grow: This filter performs a morphological dilatation of the currselection, i.e., the selection
is made bigger by one pixel in every direction. The filter carapplied to the current slice only
(shortcut isCtrl +), to all slices (orientation is defined by the active viewenr)to the whole
volume.

Shrink: This filter performs a morphological erosion of the curresiéstion, i.e., the selection
is made smaller by one pixel in every direction. The filter b@napplied to the current slice
only (shortcut iCtrl -), to all slices (orientation is defined by the active viewer)to the whole
volume.

Fill: This filter fills the current selection, i.e., it closes allé®in it. The filter can be applied
to the current slice only (shortcut is k&), or to all slices (orientation is defined by the active
viewer).

Smooth: This filter smooths the current selection. Smoothing woskapplying a Gauss filter
to the binary selection image and then reselecting all piwéth an intensity bigger than 0.5.
Usually the filter is applied to a selection computed by thieghold filter or by the magic wand
tool. The shortcut for this filter i€trl M.

Invert: This filter inverts the current selection, i.e., selectedels are deselected, while unse-
lected voxels are selected. The filter can be applied in theeigtislice only (shortcut is kely,
or in the whole volume.

Active Contour...: This filter belongs to a family of powerful tools for semi-aatatic seg-
mentation calledActive Contour From a user-defined initial selection the contour propegyat
automatically according to "forces” within the image. Ubke Stopbutton of theamira main
window to stop the process when the desired selection hasdoseputed.

Snakes....This filter automatically fits the contour of a selected regmthe edges of the image.
Edges are regions with a high contrast.

An additional dialog is opened, which allows you to copy tke&stion from the current slice
into the next or previous slice (up and down arrows). Aftguying, the snakes algorithm tries
to adjust the contour to the gray values in the new slice.

Clicking onAdjustruns the same algorithm on the current selection in the ntistze. This is
especially useful to readjust after a manual correction.

If Extrapolateis switched on, the selection is not only copied to the negéddut extrapolated
by taking into account selections in the two previous slices
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If 3DInfois switched on, a modified snakes algorithm is used whichsgbedter results in the
case of relatively equal voxel sizes in all three directions

Relaxsmooths the contour of the current selection.

e Threshold...: Select voxels by threshold segmentation. In the additidizbg, a minimal and
a maximal image intensity can be specified. When you cliclo#n all voxels falling into the
interval are selected. If theame material onlpption is activated, only voxels assigned to the
current material are selected. If tBB option is active, the operation is performed in the whole
volume, otherwise it is done in the current slice of the &ctiklewer.

e Make Ellipse: Pressing this button causes the selected area to be rephpeackllipse that fits
the original selection as well as possible. The filter ogerain the current slice of the active
viewer.

e Interpolate: This button interpolates the selection between all slichere areas have been
selected manually. Pressing the button again after peifigroorrections in certain slices will
interpolate the selections between all slices where clsingee been made. For example, sup-
pose you have selected an object in slice 1 and in slice 10ssigethelnterpolatebutton
automatically computes a selection in slices 2...9. You thay modify the selection in slice
5, e.g., using th@&rushtool. Pressindnterpolateagain now interpolates the selection in slices
2...4 and 6...9. The shortcut for this filter@srl |.

e Wrap: This filter also interpolates the selection. However, aedéht algorithm based on scat-
tered data interpolation with radial basis functions isligp The filter always operates in 3D.
In contrast to the previous filter, it is possible to starttirslices with different orientations, e.g.,
after selecting slices in each spatial direction (xy, x2, tyus tool can be used to compute an
interpolating selection which wraps up the object whosées&a is given by the slices.

Note: Initially no two successive slices with the same orientatiwust be labeled. Otherwise,

an error message is displayed. The tool may take a few setomdsnplete its operation. The
shortcut for this filter i<Ctrl W.

17.12.6.1 Active Contours

Active contour models are powerful tools for semi-automaéigmentation. An initial contour moves
automatically according to image forces such that it sepatavo different materials.

The movement is governed by parameters that the user musst &aljsuit his image data.

There exist two different Active Contour tools. TReopagating Contoutool computes the shape of
the contour at all times up to tt&top Timevalue. The contour starts evolving from one or more seed
points and stops at edges found in the image. After the comtipntthe user can choose any time
parameter in the range the separates the materials best.

The Active Contour filter takes any initial shape (which mayydoe a single seed point) and expands
this shape until a material boundary is found, where theaiorgtops. Additionally, this tool takes
into account the curvature to generate smoother shapesaitteaking through small holes.
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The velocity of the active contour is computed from the aridimage data as well as from the gradient
image. While the image data provides the image intensityeslthe gradient image contains the
edge information. In th&egmentatiomenu, the user can choose a gradient image. By default, the
Segmentation Editor computes a gradient image from theentiyrchosen gray image. Alternatively,
the user can provide the gradient image and select it iSdggnentatiomenu.

If the active contour does not advance, you have to change thgarameters. In particular, lower
the values for edge and image sensitivity.

Note that often the results can be improved by preprocesbimgmage data, for instance by pre-
smoothing. Furthermore, better results are achieved étmaipic data, i.e., large slice distances can be
disadvantageous.

Ports
Stop Time

The Stop Timeport limits the movement of the active contour to a certaimge If the region has
not been fully segmented, this parameter must be increased.

Edge Sensitivity

TheEdge Sensitivityalue governs the dependence on the the gradientimagevhien the contour
stops. If this value is too small, the algorithm might runioeéges. If it is too large, there might be
no movement at all. If the contour does not move at all, thisezahould be decreased.

Image Intensity Weight

The advancement of the contour can also depend on the imagsiity (gray value). This parameter
controls how strong the dependence is. The speed functionligplied by a Gaussian function.

The width of this Gaussian is the reciprocal of the value & ort (such that a value of 0 means
no influence at all) and the mean intensity value if computetha average over all seed point or
over the average of the selection, respectively. Hencemtbre different the image intensity of a
voxel is from the starting points or region, the slower thegoess is.

Curvature

TheCurvatureparameter controls the regularity of the contour. A valuselto 1 leads to a smooth
contour. Set to 1, the algorithm works as a filter that refimesxasting selection in order to snap to
edges in the image. If this parameter is set to 0, the algorighmerely expanding until stopped by
an edge without enforcing any smoothness. Setting the turesto a value different from 1 can be
used to make a small seed selection expand until stopped éggen Thecurvatureregularization
is not available for the propagating contour tool.
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Attractor

The Attractor force parameter specifies the strength of the edge attnadtiallows the tool to be
used as a filter that refines an initial approximation becduattracts the contour to the nearest
edges in the image. Mostly, a value of 1 works best. To swiftthe edge attraction, set the value
to 0.

Mode

TheModeport lets you chose whether the contour grows in gIizé), or 3D (3D voluma.

Practical hints:

e Inall cases, apply these tools to smoothed data only. No 8rimapis built in to allow the user to
choose the smoothing filter. For instance, Gaussian smapthian appropriate preprocessing.

e Itis recommendable to use the fé&bpagatingContour Todirst and then refine the selection
with the ActiveContour Filter

e In cases where not all the targeted region is selected bycthe@ontour or it leaks out before,
the user can proceed step by step. First select a partiairegid then segment the remaining
region starting from another seed point or selection.

e Atthe beginning, certainly a bit of probing is necessanylywaiu find the best set of parameters
for your kind of data.

17.12.7 Label Filters

Under theSegmentatiobutton of the menu bar several filters for modifying the cotidabeling are
provided. These filters operate directly on the labels. Tdeyot take the current selection into
account.

e Fill holes: This filter removes islands of arbitrary size in tb@rrent materiaj i.e., all pixels
completely surrounded by the current material are als@asdito this material (short cut is
Shift-Hfor the current slice). Suppose you have segmented a CT ioigg thresholding as
provided by the_abelVoxelmodule. You then want to assign the dark marrow of the bones to
the materiaBoneas well. In order to do this, seleBbnein the material list so that it becomes
the current material and then call tikholesfilter. The filter can be applied to the current slice
in the active viewer, or to all slices.

e Remove islands...:This filter removes islands in or between regions, dependmghesize
andpercentagevalues that are set in the filters dialog. An island is a cotetkarea of voxels
containing a number of voxels less than or equal tosthevalue specified in the dialog.
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If an island is encountered, the percentages of the suriegmegions with respect to the total
number of voxels adjacent to the island are calculated angbaced with thepercentagehresh-
old. The island is assigned to the region with the highestgreage value greater than or equal
to percentage If no region exceeds thpercentagehreshold, the island remains untouched.
Note that thepercentagevalue must be between 0.0 and 1.0.

With themodebuttons you can control whether the filter works on the curskee, onall slices

or on the3D volume The difference between the two latter cases is that in 3Dentlod filter
searches for true 3D connected regions. Note that a longsthinture like a blood vessel can
be a very small region in each slice, but has a rather largenwein 3D.

This filter is invoked by pressing thRemovebutton. Pressing th8electbutton performs the
same computations as before. However, the islands are hagipeved but are only selected.
This is useful in order to preview the effect of the filter andihd optimal size and percentage
values.

e Smooth labels...:This is a modified Gauss filter that smoothes the region baigsjand there-
fore slightly changes the labeling. 8D mode, additionally probabilities of voxels belonging
to regions are computed and assigned to voxels. The prdigabibne for voxels in the interior
of a region and decreases towards the region boundary. $/orel region boundaries are also
assigned probabilities with respect to neighboring regjidrne probability information is used
in other modules - in particular in th8urfaceGemodule - in order to make region boundaries
appear smooth, otherwise these may be displayed as zigesg i
Thesizeoption allows you to enter the size of the filter mask which $gaare withsizex size
pixels. The smoothing effect increases with the mask sizecomputation time is higher for
bigger masks.

The2D button lets you start the smoothing operation on the presieest, the3D button lets you
start a 3D smoothing on the whole data volume.

e Remove Skin...: This filter is only active if the Tcl variablgiRemoveSkinFilter is set
to 1. Its purpose is to remove thin prolate regions of musclai(skin) on the boundary to
exterior.

The filter removes the currently chosen material on the bagni exterior. No other material
than muscle or fat can be removed.

The Layersoption is for entering the number of layers (in units of psjebutside of exterior
(i.e. inside the body) where the filter looks for possibleegances of the chosen material. The
larger the number of layers, the more of the skin region vélfé&moved.

The filter can be applied to the current slice in the activeveig or to all slices.

17.12.8 Key bindings

Important tools of the image segmentation editor can besseckvia hot keys. These hot keys are
summarized below:

Segmentation Editor 495



e Changing the current slice

496

Spaceor CursorDown - Go to next slice
Backspaceor CursorUp - Go to previous slice
PageDown Go forward five slices

PageUp- Go backward five slices

Home - Go to the first slice

End - Go to the last slice

By holding down theShiftkey while pressing one of these keys the current selecticopged

to the target slice. By holding down ti@ontrol key, the user can move only between slices that

contain a selection.
Selection
A or + - Add the selection to the current material

Sor - - Subtract the selection from the current material

R - Replace current material under the selection

C - Clear the selection

E - Extrapolate the selection

F - Fill the selection

| - Invert the selection

Ctrl-+ - Grow selection in current slice

Ctrl - Shrink selection in current slice

Ctrl-M - Smooth selection in current slice

Ctrl-1 - Interpolate selection between multiple slices
Ctrl-W - Wrap selection using radial basis functions
Shift-S - Save label field to disk

RETURN or Enter - Redraw

Tools

1- Brush tool

2 - Lasso tool

3 - Magic Wand tool (region growing)
4 - Blow tool

5 - Crosshair tool

6 - Pick, move, and rotate tool

Others

U - Undo

Q - Toggle 3D button

V - Toggle 1- and 4-viewer mode

. - Select next material in the list

, - Select previous material in the list
Z - Decrease zoom factor

Shift-Z - Increase zoom factor
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D - Toggle draw styles for all materials
Shift-D - Toggle draw style for region under cursor
Alt+D - Toggle 3D display of region under cursor (4-viewer modeypnl

17.13 Simplification Editor

This editor can be used to reduce the number of triangles afface. In particular, the output of
the SurfaceGemmodule has to be processed in this way before a tetrahediahpanodel can be
generated. Surface simplification is done by means of an edidgpsing algorithm. Edges of the
original surface are sucessively reduced to points. Thpesbéthe original surface is preserved by
minimizing a certain error criterion. Special care is takerprevent the triangles of the simplified
surface from intersecting each other. However, in somesdasersections can still occur. Therefore,
the resulting surface should be checked for intersectisimguhesurface editar

(Crryr— CIES

Surface: 70619 pointz, 141776 faces, B patches, 0 contours, 0 edges

8 Simplify: faces max dist|3 | mir distlEI |

8 Options: [ | preserve slice structure [ fast [ create levelof-detail

8 Action: [Simplif_l,l nnw] [Hun batchl [Flip edgesl Contract edges

Figure 17.2Q User interface of surface simplification editor.

Ports

Simplify  This port provides three text fields for controlling somegmaeters of the simplification
process. Fieldacesdetermines the desired number of triangles of the simplgigface. You may
simplify the surface in multiple steps. However, somewhateraccurate results are obtained if the
simplification is performed in a single step. When the sifigation process is finished, a check is
made whether the surface contains duplicated trianglesh Biangles are removed automatically.
Therefore the total number of triangles of the reduced serfsill usually be somewhat less than
the value specified ifaces

The second fieldnax dist defines a maximum edge length for the triangles of the sfragisurface.
Usually, the default value of 3 cm should be suitable, but gan try to modify this value if the
reduced surface still contains intersections.

The third field,min dist defines a minimum edge length. Shorter edges are contréidiatton
Contract Edgess pressed (see below).
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Options If the togglepreserve slice structuris set, edges aéxteriortriangles of the surface are
treated in a special way, so that the slice structure of tiggnad voxel grid is preserved.

If togglefastis set, a less extensive intersection test strategy isteeleSurface simplification will
run faster, but there is a higher probability that intersectriangles will occur (see explanation of
commandsetintersectionTestStrategglow).

Action Button Simplifystarts surface simplification. The simplification procedttake several
minutes. You may interrupt it by clicking the stop button lo¢ tprogress bar.

ButtonFlip Edgesautomatically flips some edges of a surface if this improlaegtiangle quality.
The Quality is defined as the ratio of the circumscribed eiezid the inscribed circle of a triangle.
The smaller this ratio the higher the quality. Again, dugled triangles are removed automatically
after this operation.

ButtonContract Edgesontracts all edges shorter than the value defined atfigldlist(see above).

Commands

Simplifier setRadiusRatio <value>
This command defines a quality threshold for the edge flipplggrithm. Edges are flipped only if
the radius ratio of a triangle exceeds the given value. Baulgfa radius ratio of 20 is used.

Simplifier smooth <nSteps> <lambda>

This commands shifts the vertices of the surface so thatt# gr@oother. The value fdambda
should be in the range of 0...1. This option is experimentdishould not be used for routine work.

Simplifier setintersectionTestStrategy <mode>

This command lets you choose between different intersetéist strategiesnodeis a three-digit
number, for example 100. The digits specifiy the strategy fmetesting modified triangles against
existing edges, for testing modified edges against existiaggles, and for testing planar intersec-
tions. The allowed values are 0-3 for the first, 0-2 for theoselc and 0-1 for the last digit. Larger
values correspond to more extensive tests which of cousserafjuire more computing time. By
default, a value of 211 is used. Modes 111 or 101 are fastenbte likely to produce intersecting
triangles.

Simplifier setFactError <value>

In surface simplification the maximal edge length and theimakerror (estimated distance be-
tween original and simplified surface) can be controllecsaely. The maximal error is computed
by multiplying the maximal edge length by a certain fademtError. The value offactError can
be set using commarstFactError The default value is 1.

Simplifier getFactError
This command returns the current valudagtError.
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17.14 Surface Editor

The surface editor allows you to modify a triangular surfeceeveral ways, e.g., to remove or refine
triangles, to flip edges or move points, or to set boundaryadindividual triangles. It also allows
you to check a surface for intersecting triangles or forefigi@riented patches.

To open a surface editor, in the Pool select the surface pigjeit, then click on the Surface Editor
button in the Properties Area. The surface editor place§i$ controls directly into the main 3D
viewer window. This makes interactive surface editing vagnfortable. In particular, the editor adds
a Surfacemenu to the main menu bar, as well as a toolbar. The useractedf the editor is depicted
in Figure17.21 To close a surface editor, click again on the surface ediatton in the Properties
Area. Note that only one surface editor can be active at a theévating a second editor causes the
first one to be closed.

To save your work, you can use the following entries offiie menu:

e Save Saves the surface under the same file name as it has beerusaerdefore. This option
allows you to quickly save intermediate results during ctaxpedit tasks.

e Save As...Pops up the file dialog and saves the surface under a useeitfite name.

The surface editor works in conjunction withSaurfaceViewmodule. If such a module is not already
connected to the surface, an instance of it will be creatédnaatically when the editor is activated.
However, most settings of tHeurfaceViewnodule can be controlled directly via menu entries of the
editor itself. Therefore there is no need to haveShiefaceViewnodule permanently selected.

A basic concept of the surface editor are the notionggible andhighlighted trianglegespectively.
Highlighted triangles are drawn in red wireframe. Many tomberate not on the surface as a whole, but
only on highlighted triangles. For example, if you want térre parts of the surface, you'll first have
to highlight the involved triangles before choosiRgfine facefrom the Surface/Editmenu. Besides
the highlight buffer, there is another buffer determininigiet triangles will actually be drawn. This
allows you to cut away parts of a complex surface. Highligtitéangles can be added to the visible
buffer or removed from it, just as in an ordinaBurfaceViewmodule. Note that hiding a triangle
doesn’t mean to delete it.

Triangles can be highlighted in a number of ways. On the oned }there are interactiteolsallowing
you to select triangles using some kind of mouse interactieor example, triangles can be picked
individually or a contour can be drawn in the 3D viewer. Ba#aepresenting the different mouse
tools are listed in a tool bar. Clicking on a button causestreesponding tool to be activated. On the
other hand, triangles can be highlighted using autonsafiectors Selectors are listed in the leftmost
combo box of the surface editor’'s selector tool bar. Theeesamlectors for highlighting triangles
depending on their inner and outer region, for highlightingngles with a certain boundary id or
belonging to certain patch, and many more.

In the following different elements of the surface editol e described in detail, namely
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Figure 17.21 User interface of the surface editor.
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menu entries
selectors including surface tests
mouse tools for selecting triangles and editing the surface

17.14.1 Menu Entries

The surface editor'Surfacemenu is is displayed inside the 3D viewer window while thetadis
active. Four submenus are accessible from this meulit; View, Buffer, andTests Each of these is
described separately below.

17.14.1.1 Edit Menu

Unda Undoes the last edit operation (edge flip, edge collapsge ®isection, vertex move-
ment). Selection and highlight changes can be undone as Wedl size of the undo buffer is
limited to 100 entries.

Delete highlighted faces?ermanently removes the highlighted triangles from thiéase.

Remove coplanar face®ermanently removes coplanar triangles, i.e., triangidsthe same
three vertices, from the surface. The inner region and aetgon id of the remaining triangle
is updated appropriately.

Recompute connectivitiRecomputes the surface’s connectivity information, centours and
branching points. Connectivity information is optiondiit Is present, contours can be displayed
using theContourViewmodule. In additionfecompute connectivigauses unused points of the
surface to be deleted.

Refine facesSubdivides all highlighted triangles by bisecting thelges. Each refined triangle
is replaced by four new ones. In addition, adjacent nonilggted triangles are split in two in
order to avoid dangling nodes.

Smooth facesSmoothes all highlighted triangles by shifting their weet. Each vertex is shifted
towards the average position of its neighbors. Special isataken in the case of boundary
vertices, for which not all the neighbors are considered,dnly those that are also on the
boundary. In this way sharp boundaries are preserved.

Flip edges.:. Pops up a dialog allowing you to flip certain edges insidehiighlighted part of
the surface. The edge flips are performed in order to improgeaspect ratio of the involved
triangles. An edge flip is only attempted if the aspect rafioree of the two involved triangles
is worse than a user-specified value, and the crease angledrethem is below a user-defined
threshold.

Reorder patches:.Pops up a dialog allowing you to rearrange the internaloofiéhe surface
patches. Two different patches can be selected and therpsdap his operation is useful for
certain applications where two different surfaces areireduo have the same patch structure.
Set boundary ids:.Pops up a dialog allowing you to edit the surface’s boundisyThe dialog
permits you to define new boundary ids or to change existires dincluding the preferred
colors). Highlighted triangles can be assigned a new bayndaising the dialog'setbutton.
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e Fix intersections.:.Pops up a dialog for an automatic repair of intersectirangles. The total
number and the number of fixed intersections will be showhénconsole window.

e Fix small dihedral angles:.Pops up a dialog for an automatic repair of small dihedrglem
The dialog offers two different repair modes: vertex smawhand a combination of edge flips
and vertex shifts. The dialog lets you define a lower boundHfedihedral angle.

e Fix tetra quality..: This tool provides an automatic repair of configurationgolthmight induce
large tetrahedron aspect ratios. It pops up a dialog whewecga specify an upper bound and
an attempted value for the tetrahedron aspect ratio.

e Prepare Tetragen...This tool may be useful if you want to create a tetrahedrélm@ mesh
from the surface. It combines thdip edges Fix small dihedral anglesandFix tetra quality
tools. You can specify a lower bound and an attempted valuthéotetrahedron aspect ratio.

e Magic wand settings:.This menu entry pops up a dialog alowing you to change paemef
the magic wand toolDetalils for that are described below.

17.14.1.2 View Menu

This menu allows you to change certain settings ofSbefaceVievmodule used by the surface editor.
The settings affect the draw style and the color mode usetefatering the surface. Possible draw
styles areoutlined shadedlines points andtransparent Possible color modes ar@rmal mixed
twisted andboundary ids In the first three modes colors are chosen according to theriakids as-
signed to the surface’s patches. In the last mode colordasea according to the triangles’ boundary
ids.

17.14.1.3 Buffer Menu

This menu contains several entries for modifying the ewitoighlight and view buffers. The buffers
determine whether a triangle is highlighted or whether itigsble in a normal fashion. Both buffers
are independent from each other. They can be stored in amahteackup buffer using the menu
entriescopy highlightsandcopy bufferespectively. Once one of the buffers has been copied itean b
restored usingaste highlight®r paste buffer

17.14.1.4 Tests Menu

This menu lists certain test operations which can be peedrim order to check the quality and con-
sistency of the surface. Internally, the tests are constlesselectorshecause they cause certain
triangles of the surface to be highlighted. Therefore, #® &re described in detail in tiselectors
section

17.14.2 Selectors

This section describes tools for automatically highligbtcertain parts of the surface. The selectors
are listed in a combo box on the very left just beneath the reailbar. Most selectors provide some
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additional controls which are displayed right beside tloisibo box.

Materials Just as in &SurfaceViewmodule, this selector allows you to highlight parts of the
surface separating two particular regions from each offtee. two regions are specified in two
additional combo boxes which are shown once the selectatiisated.

Boundary ids Highlights all triangles with a particular boundary id. &houndary ids defined
in the surface are listed in a separate combo box. Boundargad be modified using tHget
boundary ids..option of theSurface/Editmenu.

Patches Highlights all triangles belonging to a particular patdhttee surface. The different
patches can be selected using a slider displayed righté#edselector combo box. A patch is
a group of triangles separating the same two regions andg&vé same boundary id.

Intersection testPerforms an intersection test and highlights intersgdtiangles. Theompute
button actually initiates the test, while tbackandforward buttons allow you to cycle through
the list of intersecting faces. The total number of intetises is printed in the console window.
Intersections can be repaired automatically using-théntersectiongool from theSurface/Edit
menu, or manually using the edit tools describedbw(edge flip, edge collapse, edge bisection,
vertex movement).

Closedness tesPerforms a closedness test and highlights those triamgiese the test fails.
This test should only be applied to manifold surfaces.

Orientation test Performs an orientation test and highlights falsely dedntriangles. You
should have removed all intersections before applyingdhéck. For simple configurations the
wrong triangles are removed automatically. The numberadnsistently oriented triangles and
the number of removed triangles are printed in the consotelovi. If the automatic method
could not remove all incorrect orientations, you can prdcaein the case of intersections and
try to repair them manuallymportant: A prerequisite for the orientation test is that the outer
triangles of the surface be assigned to matdtidkrior. If the surface does not contain such
a material or if the assignment Exterioris not correct, the test will falsely report orientation
errors.

Aspect RatipDihedral Angle andTetra Qualitysort all surface triangles according to different
quality measures. Thaspect ratiois the ratio of the radii of the circumcircle and the incircle
of a triangle. The largest aspect ratio should be below 2@gb#0). Thedihedral anglées the
angle between two adjacent triangles at their common edgesiallest dihedral angle should
be above 5 degrees (better 10%tra qualitymay be useful if you want to create a tetrahedral
volume mesh from the surface. For each surface triangle gpeca ratios of the tetrahedra
which will probably be created for that triangle are calteth The largest tetrahedral aspect
ratio should be below 50 (better 25).

The worst triangle according to the selected quality measudisplayed, and the worst quality
is printed in the console window. Using thackandforward buttons right beside the selector
combo box you can cycle through all other triangles and &disurface if necessary.
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In the Surface/Editmenu, there are automatic tools for improving all of the duaheasures:
Flip edgedor the triangle aspect rati&jx small dihedral anglefor the dihedral angle, arfix
tetra qualityfor the tetrahedron quality.

17.14.3 Tools

This section describes interactive tools for selectingnigies and for performing simple edit opera-
tions. Only one such tool can be active at a time. The actiwkdetermines what effect left mouse
button clicks have. For each tool there is a separate butintaimed in the editor’s tool bar. Inde-

pendent from the active mouse tool, edges and triangleseaitked using the middle mouse button.
This causes the ids of the picked triangles, edges, andgxoite printed on the screen.

e Add tool [A]:

Adds highlighted faces to the buffer.

e Remove tool [R]

Removes highlighted faces from the buffer.

e Clear toot

Clears highlighted faces or the buffer.
e Bisect tool [B}

Subdivides an edge of the surface. A new vertex is insertéteagdge midpoint. Each triangle
adjacent to the edge is bisected into two triangles.

e Selection tools
The following selection tools are available from a pulldomenu in the surface editor toolbar.
Press and hold the button down for at least 1 second to dispé&ynenu. The most recently
selected tool button will be displayed in the surface editotbar.

e Pick tool [P]:

A single triangle can be highlighted using a simple mousgkaind unhighlighted using
a Control-click. If the Shift key is held down, a group of nielipring triangles will be
highlighted. If the Shift and Control keys are held down, augr of neighboring triangles
will be unhighlighted.

e Magic wand [M].
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Allows you to to select a connected group of triangles. Usites Shift key is held down,
the highlight buffer will be cleared before new triangles &ighlighted. Control-click
causes all selected triangles to be unhighlighted. Thevighaf the magic wand tool
can be modified using the dialdgagic wand settings..which can be activated from
the Surface/Editmenu. This dialog lets you define what triangles are consitiey be a
connected group. In particular, a crease angle smallertBardegrees can be chosen.
In this case only triangles with roughly the same directisihee clicked triangle will be
highlighted. Regardless of these settings, a connectegpgrbhighlighted triangles will
always be unhighlighted if a highlighted triangle is Cohirlicked.

e Draw tool [D]:

This tool allows you to highlight triangles by drawing a cout in the viewer window.

Usually the left mouse button must be held down while the @enis drawn. However,

you may hold down the Alt key and release the left mouse buttorhis case straight
line segments can be defined. Currently the tool selectsiatigles inside the contour,
i.e., hidden triangles are highlighted too. However, with tnagic wand tool backward
facing parts of the surface can be easily deselected agaig asontrol-click.

e Brush tool [B].

This tool allows you to highlight triangles using your molige a paintbrush. Press the
left mouse button and select the desired triangles. Holdhdbw Control key to deselect
triangles. Right-click to bring up a brush configurationldgawhich will allow you to
specify the brush size and whether you want to select visitalegles only.

e Pick patches or triangle groups taol
Y

X

This tool allows you to select patches or triangle groupgk@ig on a triangle will select
all triangles in the same patch. Control-click to deseleetttiangles.

e Flip tool [F]:

Flips an edge of the surface. Only edges with two adjacemngies can be flipped, but no
boundary edges. Flipping the edge once again restoresitiieadistate.

e Collapse tool [C}]

Contracts an edge, i.e., moves one vertex of an edge ontdhbke d-or non-boundary edges
the operation will reduce the number of triangles by two. Vedex of the edge located more
closely to the mouse position will be retained.
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& Transform Editor
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Figure 17.22 Dialog opened by the transform editor.

e Translate tool [T]

Allows you to pick a vertex of the surface and to translatéitthe picked vertex a point dragger
will be shown. The dragger can then be picked and transla#&drnatively another point on
the surface can be shift-clicked while the point draggeh@as. This moves the dragger to the
new position.

17.15 Transform Editor
B3

This editor allows you to add a transformation to a data setaify an existing one. A transformation
may be a translation, rotation, and scaling, or a combindtiereof. The transformation can be edited
interactively in the 3D viewer using different Open Invandoaggers.

The Transform Editoralso lets you enter transformations numerically. This camldne by pressing
theDialog... button which pops up the dialog shown in Figdig22

The dialog provides text fields to specifiy the translatiatation, and scaling of the object individu-
ally. You can specify absolute values, or the object canladstanslated, rotated, or scaled incremen-
tally. This is done by activating the tab panBlelative Locabr Relative Globalnstead of the default
Absolute The local and global tabs differ in the way that the tramsigtrotation, or scaling is applied,
namely after an existing transformation (local) or beforglobal). An alternative way to modify the
transformation of a data object is to use the Tcl commanddghed by SpatialDatabjects.
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Display modules connected to a transformed data set wil tak transformation into account auto-
matically. Also many, but not all (), compute modules iptet transformations. If you find a module
that does not operate as expected for a transformed datet,ofoyeto apply the transformation first
using theApply transformbutton.

Most data file formats do not support transformations. Tloeeg transformations are storedamira
network scripts only. Keep this in mind when working withrisformed data objects. It is al-
ways possible to query and reapply a transformation usia@th commandgetTransform  and
setTransform

Ports

Manipulator

‘a Manipulator: | Transformer » | Diglog... ‘

Lets you choose the Open Inventor dragger used to defineahsférmation in 3D. Make sure to

switch the viewer to interaction mode when using the drag{@mess the arrow button in the upper
right corner of the viewer, or toggle between viewing modd areraction mode using the ESC
key). Details of how to interact with the draggers can be tbimrthe Open Inventor documentation.
TheDialog... button pops up the transform dialog described above.

Reset

‘& Reset: ﬂ Tmnslatinn| F!u:datiu:un| Scale|

This port allows you to reset the transformation matrix, tertianslational, rotational, or scaling
components.

Action

8 Action: Undnl Hednl Eopyl F'aslel Apply transfnrm||

This port allows you to undo the last change of the transftionanatrix, or to redo the last undone

operation. In addition, transformations can be copied amtanternal buffer, and afterwards pasted
into the editor again. This provides a convienient way toycapransformation from one object to

another.

If the editor is invoked for an object derived frobertexSeta buttonApply Transformis shown.
This button allows you to apply the transformation to thetices of the data object and to reset the
object’s transformation matrix. This operation does natrade the visual appearance of the object,
but it is required, for example, to export the transformejgotinto a file.
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Chapter 18

Molecular Pack

18.1 Molecule Attribute Editor

This tool allows you to edit attributes of groups contained Moleculedata object. It has additional
tabs containing interfaces for exporting attributes toedil importing them from a file into the data
object. We will start with a general description of the &itite concept odmira followed by a detailed
description of the three different tabs.

The level and attribute concept ofamira

In amira, each molecule consists of several grouping levels, whielchemical subdivisons of the
molecule of different degrees of complexity. The levels amgered in a hierarchy in the way they
depend on each other. The most basic subdivision, and thrertife root of the hierarchical tree, is
the atom level. All bonds or residues are subdivisions whmitain sets of atoms, while secondary
structures consist of sets of groups of tegiduedevel, and so on. In the language of database systems,
levels are entities and groups are instances of theseesntiRigurel8.1shows the entity relationship
model for the most common grouping levels.

Each level has a set of attributes. Attributes are propedigroups of type string, integer, or float.
The number of levels and attributes depends on the file foimmat which the molecule is read.

The Edit Tab
The edit tab of the attribute editor (Figut8.2) offers two different tools:

e addition, deletion, or renaming of attributes from a level



M

Figure 18.1 Entity relationship model of the most common levels

510 Chapter 18: Molecular Pack



IE:-:pu:urt I Impaort I

I atarmz LI
harme valle
1 atamic_number 7
2 radius 0.000000
3 termperature
4 OCCLpancy 1.000000
] charge 0.000000
E comrment i
7 ifides
— Add/Remove Aftribute
I remove |
I Integer LI add |

Figure 18.2 Attribute Editor

e changing of attribute values of certain groups of a level

The pull-down widget at the top of the window lets you chodselevel to which the action will be
applied. The table below will show all attribute names of el in the left column. The second
column will contain the corresponding attribute valueslbtampletely selected groups of the given
level.

The coloration of these table cells can change dependinigepattribute and the selected groups:

gray background: attribute cannot be changed or deleteitb(de is used as an index laynira)
white background: attribute can be changed and deleted

black text: only one group of the level is selected

green text: several groups of the level are selected buf #ikdr attribute values are equal

red text: several groups of the level are selected and dttlgasttribute values of these groups
differ (in this case no attribute value will be displayedtie tright column)

Changing attributes or attribute values: To change the name of an attribute, simply left-click in the
respective cell of the left column and enter the desired ndimehange attribute values of the currently
selected groups, click in the cell in the right column. Exdepindex attributes (gray background), all

values can be changed. If several groups are selected araluwis displayed (because some values
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differ), the adjustment of the value in the empty table célllngset the value of all groups to the given
choice. Therefore the color of this attribute will changanfrred to green.

To select groups you can use te@lection browser

Adding and deleting attributes: The lower part of the window lets you add or delete attribings
typing the name into the text box and using the appropriat®buWhen adding attributes, you also
must choose the internal format type (string, integer, @tflwith the pull-down menu.

The Export Tab

If you have done calculations iamira which created attributes as a result, you might want to save
these attributes to a file which can be used by other softwarexample, statistics packages). This
tab gives you a powerful ability to write and format your auitp

Using a predefined format specification:To export attributes to a file, you must specify the format
in the format widget. You can load a predefined format spetifia by clicking on thePredfined
Specificatiorbutton. We have included some simple specifications for comtasks. You can add
your own specification by editing the file share/molecubgséetPredefinitions.cfgin your localmira
directory.

Creating a new format specification: A complete explanation of the concept of the formating strin
can be found in the following section. We will start with a gil@ example which shall give you a first
understanding of the idea behind the concept:

%(atoms)%(atoms,charge)

will write a file which will contain the charge of each atom. tddhat after the last parenthesis you
have to enter a whitespace, otherwise all charges will btemrivithout delimiters between them.

Iteration-context: The first thing to think about when writing attributes to a fdeto decide which
level should be the base level of information. This will be tbvel over whose groups will be iterated,
the “iteration-context’. Usually this is just the same leae that of the attributes you want to write.
However, imagine you want to write the residue names of teelues each atom belongs to. In this
case the iteration context is the level 'atoms’ while theiladte is of the level residues’. To set the
iteration-level, just type %(levelname). In the exampleegiabove the iteration-context was the level
‘atom’.

Text and attribute output: The text after this iteration-context definition specifies dbutput for each
member of the iteration-level. It can contain two thingsedfication of attributes and additional
text that might contain delimiter characters or keywordsdeel by the importing function of another
program. The attribute specification has the form %(levemattributename). The additional text
can contain everything (including carriage returns) extiegcharacter '%’. In the example above the
attribute specification was %(atoms,charge) and the additiext was the trailing whitespace.

Iteration context and level dependency:Another example:
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%(residues)%(residues,index) %/(chains,index)

Results in a table which contains the chain index and theluesindex for each residue (after the
last parenthesis a carriage return must be entered, oteethiére wouldn't be linefeeds between the
individual entries).

The slightly modified example

%(residues)%(residues,index) %(atoms,index)

might look okay at first glance, but what is the atom index facteresidue? In fact it is undefined
as each residue can contain several atoms. This is a dirdt f the general concept of level
dependency. If groups of a level levl can contain groupswal lev2, levl is said to be dependent
on lev2. Inside of an iteration-context only such levels athdepend on the iteration-level or the
iteration-level itself may be used.

Ending an iteration context: The iteration-context can be ended by the definition of a nexation-
context or the empty definition %(). The latter enables yowtibe text between different sections.
Example:

ATOM SECTION:

%(atoms)ATOM ix=%(atoms,index) z=%(atoms,atomic_numbe r) isInRes=%(residues,in
%()RESIDUE SECTION:
%(residues)RESIDUE ix=%(residues,index) name=%(residu es,name)

of course again ended by a carriage return after the lashipeesis. The %() was needed so that the
text 'RESIDUE SECTION’ wouldn’t be repeated for each memdiigthe 'atoms’ iteration-context.

Special attributes: As atom coordinates are not stored as attributes but in amiattdata array of the
object, they are not directly available. However, you caitemhem by using %(atoms,coordinates)
which will be internally translated from an attribute accé&san access on the data array. It will write
the X, y, and z coordinates delimited by whitespaces.

Options: The optionwrite selected onlyvill limit each iteration context to those groups which are
currently selected. For unselected groups no output wifiroeluced.

The Import Tab

If you want to use results of other programsimira, you can import them as attributes of groups. An
example is the common task of generating partial chargdsavinolecular force field tool and then
reading them in to examine the results.
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If you havn’t done so yet you should first read the previousiee@bout exporting a file, as the syntax
of the export format string can be considered to be a simpla fuf the syntax of the import format
string.

Using a predefined format specification:Just as for exporting attributes you can also load predefined
format specification with thBredefined Specificatiomsitton. You can edit the specification in the file
share/molecules/importPredefinitions.cfg in your lcaira directory.

Range of application: When you want to import an attribute your first task will be a¢ a look at

the file to analyze its structure and to find the informaticat §rou need. If the information in the file
is in nested structures, it is recommended to transform kaénfio a simpler format by writing, for
example, a perl script or to write your ovamira internal reader method usifigeveloper Pack.

Most of the files you will encounter however contain inforinatsimply delimited by certain char-
acters or keywords or located in certain columns of the filethé format is quite complicated it
is sometimes helpful to preprocess the file via the Unix comosdegrep’ and 'cut’ to cut out the
information needed.

Iteration-context and attribute specification: To get the idea behind the import format syntax, here
is an example for a very simple file format:

%(atoms)%(atoms,charge,float);

This code expects that there are as many charge values inlghesfthe number of atoms in the
molecule, each separated by a semicolon.

Thus the format string has the same concept of an iteratiotegt as the export method. The only
new part in the example is the type specification 'float’ whgcheeded if the attribute does not already
exist insideamira. If it does, you can omit the type. Type can be ’integer’jrgidi, or 'float’. Another
difference to the export format is that you can specify ottlsitautes of the same level as the iteration-
level.

Skipping characters: If you want to specify that there may be an arbitrary numberhafracters of
some type, you can do so by %”char’*. In the example

%(atoms)%(atoms,charge)%" " *:00" "

would be needed if there may be an arbitrary number of whitesp between the charge values and
the semicolon. You can enter more than one character betineaguotes. It will read and skip any
character contained in the quotes until the token behindasiterisk is found. If the token is not a
literal, but an attribute specification, it will skip the chaters until the first occurrence of a token that
might be of the same type as attribute. The quoted charamarsf course also contain a linefeed. A
%* will skip any character.
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An often occuring problem is that your information is loahia a certain section of the file which
is initiated by a certain keyword. To jump to this section giyntype %*keyword. The following
example could be used for the TRIPOS file format which uses@@RIPOS¢ ATOM’ keyword to
initiate its atom block.

% @<TRIPOS>ATOM
%(atoms)%(atoms,index) %(atoms,atomic_symbol,string) Y%

Another common problem is to skip a token. Consider for eXartimat at the start of each line is
some alphanumerical token followed by one or more spacésafetl by the attribute you want to
read. Typing all characters which can be skipped would hetsdbut you can define ranges by using
[charl-char2]. Thus the example looks like

%(atoms)%"[a-z][A-Z][0-9].,_-" * %" "%(atoms,charge,float)% *

Note that the range is interpreted as a range of the ASCltiposiof the given characters.
Using a file-internal iteration: Take a look at the following example:

%(atoms)ATOM:%" " *%(atoms,index)%" "  *%(atoms,charge)% *

The defined iteration-context won't be needed because fir elaarge value we know the atom index
it is associated with. Thus, the index has the function of\an file-internal iteration-context. This
allows you to import attributes of only a part of the groupsatadned in the molecule. You will need
to specify the iteration context 'atoms’, however, to makeléar which parts of the format string
constitutes the pattern repeatedly searched for in the fileis however only applies if the index
attribute has been read first. If there are other attribuééarb it in the same iteration context, it will
not overrule the context.

Reading information in predefined columns Some file formats (like pdb) do not use delimiter
characters, but have predefined columns in which informatidocated. To access these columns
you can add width numbers to the attribute specifications skl specifications. The format is:
%width(levelName,attributeName,attribute Type) and #tA.

If the charge attribute you want to read is located betweerb@th and 59th column of each line, you
could specify the format like this:

%(atoms)%49 * %10(atoms,charge)% *

followed again by a linefeed. The first 49 columns of each ik be skipped. Then the charge
attribute will be read from the next 10 columns and the reshefine will be skipped.
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Figure 18.3 Transform Tab

18.2 Molecule Editor
4

This tool can be used to change the geometry and topologWafleculedata object. To change group
attributes, you can use tidolecule Attribute Editor

Most of the editor’s functions are applied to sets of atontgctvcan be selected by using thelection
browseror by directly clicking on atoms in the viewer.

The molecule editor, Figurg8.3 has two tabs:

e The Transformtab contains all tools to change the geometry of selectetisatny adjusting
positions, bond lengths, torsional angles, and bond angles

e TheToolstab offers methods to split or copy parts of the molecule, el & an interface for
adding or removing bonds between atoms.

Transform Tab

The transform tab is divided into four different sectionsack section can be used to adjust certain
coordinates of the currently selected atoms. The differeatdinate types are:

e Positionis the Cartesian coordinate of an atom. If several atoms eested, only relative
changes are allowed.

Bond Lengths the distance between two selected atoms.
e Bond Anglds the planar angle between three selected atoms.
Bond Torsions the dihedral angle between four atoms.
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Figure 18.4 Editing a dihedral while viewing the angle with the measweat module

Coordinates can be set absolute or relative to their cuvadne. In each section, the upper row (with
gray background) displays the current absolute value. éidwer row (with white background) you
can enter a new value. In the right part of each section aemthuttons. The first button transforms
the coordinate while assuming that the entered value is solate value. The second button simply
applies the transformation with the entered value text sdative difference. The third button will
activate a dragger in the viewer for adjusting the coordimateractively. Figurd8.4shows the bond
torsion dragger as an example. TMeasurememhodule can be used to display currently edited bonds
or angles.

Which buttons can be used and which are disabled depends onithber of currently selected atoms.

An additonal toggle button can be found in tBend Anglesection. If this toggle is activated, the
interactive adjustment with the dragger will cause bothdsao be bent symmetrically, otherwise only
one bond will be bent.

The position dragger can be moved on the plane determindtetface of the cubic dragger you click
on. You can additonally rotate the selected groups by drapthie green knobs.
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Tranzform | Tools |

— Change Topology

Copy Split Cut Add
— Connection of Selected Atoms
Mode Action
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Current Mode: Distance Cutoff Add  Cut

M aximal Atam Distance: '—J— |1.?D

Figure 18.5 Tools Tab

Tools Tab

The tools tab is subdivided into two sections:

Change Topology

Thecutbutton will cut the currently selected groups out of the naale. Thesplit button will do the
same but will copy the groups into a new molecule which willbdoieled in the Pool. Theopybutton
will leave the current molecule unchanged while copying gbkected groups into a new molecule
which will be added to the Pool. When pressing&laelbutton, a window will open which will let you
choose another molecule in the Pool whose groups you wantttoathe current molecule.

Connection

The Connectiorsection offers different options for influencing the borglof the currently selected
atoms On the right side of the interface are buttons for agldimemoving bonds between the currently
selected atoms. The set of bonds which will be added or recheiledepend on the connection mode
that you can choose on the left side of the interface.

e Standard This is the most reliable method for adding bonds to a pnadeiDNA/RNA. It will
look up all residues in a residue database and add bondsdaugigr This method will only
work for molecules that contain the residue type attribiter connections between different
residues it will check all residues on a chain sequentidiiyhen used together with the cut
action all bonds will be removed which can not be found in tambase.

e Bond length table This option lets you add bonds between selected atoms kiinigaip
their bond lengths in the filbondLengths.cfgvhich can be found and edited in your local
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amira/share/moleculedirectory. If the distance of two atoms does not deviaténfenrthan a cer-
tain threshold from the bond length between the respeckdraents in the table, the bond will
be added. This method is able to distinguish between sidgleyle, triple, and aromatic bonds.
It should be the first choice for non-standard residues oeoubdés not containing residue infor-
mation. Just like th&tandardoption this mode can also be used together witrcthitection. In
this case all bonds which deviate too strongly from the bendth table will be removed.

e External This mode can only be used together with thet action. It will remove all bonds
between selected and unselected atoms thus enabling yasctandect certain parts of the
molecule from the rest.

e All: This mode will add or remove all possible bonds between ¢fecsed atoms.

e Distance Cutoff This last mode uses a distance cutoff for deciding whichdsoilo add or
remove. TheMaximal Atom Distancalider determines the maximal distance of two bonded
atoms inA. When using this mode together with taddaction all bonds between atoms which
are nearer than the cutoff distance will be added. Equélggtit action will remove all bonds
whose length is greater than the threshold.
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Button Group

The OK button will close the editor and accept all changes madegartblecule. The&ancelbutton
lets you return from the editor restoring the original stéResetting the molecule without canceling
the editor can be done with tigesebutton. TheApplybutton will apply the changes you have made
to the molecule object. This means that any further resétetilrn the moelcule to the current state.
With theUndobutton any transformation can be undone up to 10 levels brack the current state.

ak | Unda | Apply | Reset | Cancel |

Figure 18.6 Button Group of the Molecule Editor
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Chapter 19

Mesh Pack

19.1 Grid Editor

The Grid Editor allows you to analyze the quality otetrahedral grichccording to different
quality measures and to semi-automatically improve the: quility.

To activate the Grid Editor, press the Grid Editor button eégected tetrahedral grid. A user interface
composed of different button controls (Figur@.1) will appear inamira’s Properties Arealf you se-
lect some otheBelectoor Modifier, other ports might be shown. The editor works in conjunctiith

the GridvVolumemodaule. If such a module is not already active, an instandenll be automatically
created when the editor is invoked.

Tetrahedra can be distorted in different ways (see Figar8:

e Sliverscontain four nearly coplanar vertices forming a quadrangle
e Capsconsist of a triangle and a fourth vertex ’just above’ it.

e Needlesonsist of a triangle and a fourth vertex 'far away’.

e Wedgesre characterized by one sharp edge.

Using the tools of theSelect menu

At the menu of porBelectoryou can choose one of several selection criteria. At the p@sttyou can
enter an expression which will be evaluated for each tethadmeor edge. When you press tBelect
button, the number of selected tetrahedra or edges is shothie Console Windowand the selected
tetrahedra are shown by tiBridVolumemodule.

e Index Selector: This tool selects tetrahedra according to their index (iphisTis mainly for
debugging purposes.



EBemin..o 0 (@ EE

Mumber of Nodes: 13788 [ho duplicated)
MNumber of Triangles: 150020
MHumber of Tetrahedrons: 73532 [Matenial ID= 0..10)

8 Selector: [ Select] | Edge Quality v|
8 e.qi.qb: |e>3 |

&, Modifier: | Modiy| | Combined Smoothing |

& Paraml:  rloops[4 |

&, Param2:  threshold 15t loop

@ Param3:  threshold other loops 12|
& Paramd:  save bounday tiangles [0 |

Figure 19.1 Grid editor for improving the quality of tetrahedral grids

Av

Figure 19.2 Four examples of distorted tetrahedra.
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e Tetra Quality Selector: This tool selects tetrahedra according to different quatieasures.

'd’ is the determinant of the matrix composed of the vectaigfing from vertex 0 to the vertices
1, 2, and 3. The tetrahedron volume is 1/6 of the absoluteevalul. d approaches zero if the
four vertices are nearly coplanar. d j O detects tetrahedttaam inverted orientation, which

should normally not occur.

'R’ is the ratio of the radii of an inscribed and a circumseidbsphere. R reaches its optimal
(maximal) value 1/3 for an equilateral tetrahedron. Allegmf distorted tetrahedra are detected
by a small value of R. Therefore R is taken as the quality nreafeu all modifiers of theGrid
Editor (see below). R shouldn’t be smaller than approximately dftt@e optimal value.

rl’ is the ratio of the smallest to the largest edge lengthreaches its optimal (maximal) value
1 for an equilateral tetrahedron. Needles and wedges agetddtby a small value of r1.

'r2’ is the tetrahedron volume divided by the third power loé targest edge length, normalized
to an optimal (maximal) value 1 for an equilateral tetraloadiAll types of distorted tetrahedra
are detected by a small value of r2.

e Dihed/Solid Angle Selector:This tool selects tetrahedra according to their minimal rauacti-
mal dihedral angles (d,D) or solid angles (s,S). For eack eflg tetrahedron the dihedral angle
is defined as the angle between its adjacent faces. The sgjidsaare related to the tetrahedron
vertices; they measure the part of the unit sphere whichdsmed by the tetrahedron. The solid
angle at a tetrahedron vertex can be maxim2dty or 360 deg. For an equilateral tetrahedron
all dihedral angles are approx. 70 deg, all solid angles jgpecx. 30 deg.

You can combine different selections, e.g., the selediizri0) && (D>140) detectssliv-
ers and the selectio8>180 detectaps

e Edge Quality Selector: This tool primarily selects edges, and then shows all tettednadjacent
to that edges. Edges are selected according to their leaptin {o the 'edge quality’ g, which is
computed as follows: for each tetrahedron adjacent to the &tk length | of the opposite edge
and the dihedral angle d at the opposite edge are deternlihectontribution of the tetrahedron
isl cot(d). q is the sum of those contributions over all adjacent teilad. gi refers to the inner
edges, gb to the boundary edges of the tetrahedral grid.

For an ’ideal’ grid, all gi and gb should be positive. Such & gvould be well suited for a
numerical simulation, because the Finite Element stifmaatrix (probably for the Laplacian
operator) is an M-matrix if q is positive for all edges.

Using the tools of theModify menu

At the menu of porModifier you can choose one of several modifiers. When you presiitukfy
button, the grid modification will start. Some informatioiilee displayed in theConsole Window

There is a certain inconsistency between the tetra qua&ligctor and the modifiers of t@&rid Editor,
because the tetrahedron quality criterion for all modifistbeinverseof the radius ratio R as defined
above. In applying the modifiers, keep in mind that the opttiln@nimal) value of 1/R is 3 and
distorted tetrahedra are detected by large values of 1/R.

The modifiersLaplace SmoothingOptimization Smoothingnd Flip Edges and Faceare mainly
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for debugging purposes, because @mmbined Smoothingiodifier is a combination of them which
should give the best results in most cases. The modRepair Bad TetraandBisect Inner Edgeare
still in an experimental state. We recommend to applyRleenove Inner Verticesnd theCombined
Smoothingnodifiers.

e Laplace Smoothing: This tool improves mesh quality by moving inner verticest &ch inner
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vertex the center of mass of the adjacent vertices is caémilaThe vertex is moved to that
location if this improves the quality 1/R of the adjacentabedra. Otherwise the midpoint
between the old location and the center of mass is examinathnfetemLoopsdefines the
number of smoothing loops (maximally 10). Laplace smodaghiill in general improve the
mesh quality 1/R, but in most cases@ptimization Smoothingill be superior.

Optimization Smoothing: This tool improves mesh quality by moving inner vertices.r Fo
each inner vertex a new location is determined that optisnike quality 1/R of the adjacent
tetrahedra. Parametetoopsdefines the number of smoothing loops (maximally 10), patame
thresholddefines a threshold for tetrahedron quality which is appdidting with the second
loop. If all adjacent tetrahedra have a quality better tthashold the vertex position is not
changed. The default value 12 (quadruple of the optimalejaieaves tetrahedra unchanged
which should be acceptable in most cases. Selecting a smaliee will induce opimization of
more vertex locations.

Flip Edges and Faces:This tool improves mesh quality by flipping edges and faces.elach
inner (triangular) face the adjacent tetrahedra are détexdn|t is examined whether the face is
a boundary face and whether the adjacent tetrahedra formvex@olyhedron. Depending on
this classification a suitable type of edge or face flippingekected. The flip operation is only
performed if it improves the quality 1/R of the tetrahedneoined. Parametehresholddefines

a threshold for tetrahedron quality. If all adjacent tet@dta have a quality better théhweshold

a face is not examined for flipping. If paramesave boundary triangleis set to 1, the edges
and faces of the exterior grid boundary and the interior ldauies between different materials
will not be flipped.

Repair Bad Tetras: This tool tries to repaisliversandcaps For a sliver, two opposite edges
with obtuse dihedral angles are bisected. If the distant@d®mn the new vertices is small
compared to the sliver's mean edge length, the edge congetim is collapsed. For a cap,
the triangle opposite to the vertex with largest solid angldetermined. If that triangle is part
of the outer boundary, the tetrahedron is removed. Othenitiss examined if the cap can be
removed by a face flip. Parametkresholddefines a threshold for tetrahedron quality 1/R. Only
tetrahedra with a quality worse than the given thresholtlvelexamined for repair.

Remove Inner Vertices: This tool improves mesh quality by removing inner verticés.a
tetrahedral grid, the mean number of tetrahedra incidemtroimner vertex is 24. If a vertex is
incident on less than 10 tetrahedra, it is very likely that thesh quality can be improved by
removing that vertex and reconnecting the hole.

All inner vertices incident on a number of tetrahedra lessqual the value of parameterax
num neighborsre inspected for removal. They will be removed, if this ioy@s tetrahedral
quality 1/R. If a value ¢, O is set for parameteax edge lengththis defines an upper bound for
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the edge length. An inner vertex will not be removed, if thiswd imply creation of a longer
edge.

e Bisect Edges: This tool improves mesh quality by bisection of inner edgés. inner edge
is bisected if for its vertices different boundary conditsoare defined. After bisection, apply
Optimization smoothintp improve the position of the new vertices.

e Combined Smoothing: This tool combines edge and face flipping and optimizatioactimng.
ParametenLoopsdefines the number of 'large loops’ (maximally 10), the oth@rameters de-
fine thresholds for tetrahedron quality 1/R which are apliliethe first loop and the other loops,
respectively. Setting the first threshold to 3 means thaddes and faces will be inspected for
flipping and all vertices for optimization in the first loog.parametesave boundary triangles
is setto 1, the edges and faces of the exterior grid bounaaryhee interior boundaries between
different materials will not be flipped.

e Flip/Bisect Long Edges: This tool tries to remove inner edges depending on theirtfeng
edge quality g as defined above. Parametax edge lengtbefines the maximal allowed edge
length and parametenin edge qualitithe minimal allowed edge quality, which must be less
or equal to zero. Setting a minimal quality of zero means ¢aate quality is ignored in edge
selection. Parametehresholdsets an upper limit for tetrahedron quality 1/R. The sebcte
edges are removed, preferably by an edge flip, or by an edgetiois, if all newly generated
tetrahedra will have a quality below that threshold.

This tool should be applied repeatedly, until the numberip&fhs reported in th€onsole
Windowgoes down to 0, and applying an Optimization smoothing iwbeth may improve the
results.
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