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Chapter 1

Introduction

amira is a 3D visualization and modelling system. It allows you isualize scientific data sets from
various application areas, e.g. medicine, biology, chegiphysics, or engineering. 3D objects can
be represented as grids suitable for numerical simulatiwotably as triangular surface and volumetric
tetrahedral gridsamira provides methods to generate such grids from voxel dat@septing an im-
age volume, and it includes a general purpose interactivei@®er. Sectiorl.1(Overview) provides

a short overview of the fundamentalsarhira, i.e. its object-oriented design and the concept of data
objects and modules.

Sectionl.2 (Features) summarizes key featureswiira, for example direct volume rendering, image
processing, and surface simplification.

Sectionl.3 (Application Areas) illustrates some typical applicatareas ofamira and shows what
kinds of problems can be solved using the system.

Sectionl.4(Packs) shortly describes optional packs availablafoira and what they can be used for.

1.1 Overview

amira is a modular and object-oriented software system. Its lsysiem components are modules and
data objects. Modules are used to visualize data objectsparform some computational operations
on them. The components are represented by little iconseiPdol. Icons are connected by lines
indicating processing dependencies between the compmrient which modules are to be applied
to which data objects. Data objects of specific types aret@deautomatically from file input data
when reading such or as ouput of module computations, medudgching an existing data object are
created as instances of particular module types via a coaémsitive popup menu. Networks can be
created with a minimal amount of user interaction. Paramsai€data objects and modules can be
modified inamira’s interaction area.
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Figure 1.1 Data objects and modules are represented as little icathe iRool (top right). In the 3D graphic window a surface
colored according to its curvature is shown. Curvaturerimfation has been computed by a computational module andredist
as a separate data object. In the mid right window the pammef selected modules are shown. The lower left pane Esvid
a Tcl-command shell as well as access to the help browser.

For some data objects such as surfaces or colormaps thetsgacial-purpose interactive editors that
allow the user to modify the objects. Adimira components can be controlled via a Tcl command
interface. Commands can be read from a script file or issuediaily in a separate console window.

The biggest part of the screen is occupied by a 3D graphicdomin Additional 3D views can be
created if necessaryamira is based on the latest release of the Open Inventor from Merda
addition, several modules apply direct OpenGL renderingdisieve special rendering effects or to
maximize performance. In total, there are more than 120 algjiect and module types. They allow
the system to be used for a broad range of applications. difered extensions are facilitated by the
amira developer version.

1.2 Features

amira provides a large number of module types allowing you to Jigaavarious kinds of scien-
tific data as well as to create polygonal models from 3D imagddisvisualization techniques can be
arbitrarily combined to produce a single scene. Moreovattipie data sets can be visualized simulta-
neously, either in several viewer windows or in a common @nleuilt-in transformation editor makes
it easy to register data sets with respect to each other @abvdth different coordinate systems.
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1.2.1 Direct Volume Rendering

One of the most intuitive and most powerful techniques feuslizing 3D image data @irect volume
rendering Light emission and light absorption parameters are asdigm each point of the volume.
Simulating the transmission of light through the volume ewik possible to display your data from any
view direction without constructing intermediate polygbmodels. By exploiting modern graphics
hardwareamira is able to perform direct volume rendering almost in readtigven for data volumes
of 40 megabytes and more. Volume rendered images can be medith any type of polygonal
display. This improves the usefulness of this techniquaiggntly. Moreover, multiple data sets
can be volume rendered simultaneously — a unique featuamof. Transfer functions with different
characteristics required for direct volume rendering diétmee be generated automatically or edited
interactively using an intuitive colormap editor.

1.2.2 Isosurfaces

Isosurfaces are most commonly used for analyzing arbiseajar fields sampled on a discrete grid.
Applied to 3D images, the method provides a very quick, yatetimes sufficient method for recon-
structing polygonal surface models. Beside standard iihgos, amira provides an improved method
which generates significantly fewer triangles with veryditomputational overhead. In this way large
3D data sets can be displayed interactively even on smadktdp graphics computers. Like other
polygonal models, isosurfaces can be colored in order tealize a second independent data set. An-
other highlight comprises the realistic view-dependent efrendering semi-transparent surfaces. By
correlating transparency with local orientation of theface relative to the viewing direction, complex
spatial structures can be understood much more easily.

1.2.3 Segmentation

amira also provides a component for 3D image segmentation witeraégpecial-purpose features.
This component is called image segmentation editor. lreffelarge set of segmentation tools, rang-
ing from purely manual to fully automatic. Among others, foowing tools are provided: brush
(painting), lasso (contouring), magic wand (region grayyjthresholding, intelligent scissors, contour
fitting (snakes), contour interpolation and extrapolati@rious filters including smoothing, cleaning,
and connected component analysis. Although the displdices-griented, many tools can be applied
in both 2D and 3D. Since the editor does not store contourssunding regions but region labels, a
unique and well-defined classification is guaranteed.

1.2.4 Surface Reconstruction

Once the interesting features in a 3D image volume have begmentedamira is able to create
a corresponding polygonal surface model. The surface mag han-manifold topology if there are
locations where three or more regions join. Even in this taseolygonal surface model is guaranteed
to be topologically correct, i.e. free of self-interseaso Fractional weights which are automatically
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generated during segmentation allow the system to produoceth boundary interfaces. This way
realistic high-quality models can be obtained, even if thearlying image data are of low resolution or
contain severe noise artifacts. Making use of innovatieekcation techniques, surface reconstruction
can be performed very quickly. Moreover, the algorithm isust and fail-safe.

1.2.5 Surface Simplification

Surface simplification is another prominent featureaofira. It can be used to reduce the number
of triangles in an arbitrary surface model according to a-dséined value. Thus, models of finite-
element grids, suitable for being processed on low-end mashcan be generated. The underlying
simplification algorithm is one of the most elaborate oneslakile. It is able to preserve topological
correctness, i.e., self-intersections commonly produnedther methods are avoided. In addition,
the quality of the resulting mesh, according to measureswomin finite element analysis, can be
controlled. For example, triangles with long edges or glas with bad aspect ratio can be suppressed.

1.2.6 Generation of Tetrahedral Grids (Mesh Pack )

Mesh Pack allows you not only to generate surface models from your Bataalso to create true
volumetric tetrahedral grids suitable for advanced 3Ddhgilement simulations. These grids are con-
structed using a flexible advancing-front algorithm. Agapecial care is taken to obtain meshes of
high quality, i.e., tetrahedra with bad aspect ratio aredch Several different file formats are sup-
ported, so that the grid can be exported to many standardagioupackages. In the developer version
additional file formats can easily be added by the user.

1.3 Application Areas

amira is successfully being used in a number of different appbicesireas. Among these are:

e Medicine

Biology

Material Sciences
Computational Fluid Dynamics
e Physics

Geophysics

e Astrophysics

Examples from these disciplines are illustrated by sex#gaio scriptgontained in the online version
of the user’s guide.
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1.4 Packs

amira packs are additional sets of modules providing solutionsléalicated application areas. Packs
can be added to a standauthira installation at any time. For each pack a separate licensgisred.
Currently, the following packs are available famira 4.0:

e amira Developer Packallows you to develop your own custom modules, file readers file
writers using the C++ programming language.

e amira VR Packis designed to enable the useamhira s advanced data visualization and analy-
sis features on immersive VR systems and tiled screen caafigos. It has built-in support for
efficient multi-threaded rendering on multipipe systemd fam distributed rendering on cluster
systems using application-level distribution. This agmtoleads to optimal performance with
minimal bandwidth requirements. Tracking capabilitidewalfor a true immersive experience
as well as interaction with the visualization.

e amira Molecular Pack adds advanced tools for the visualization of molecules.omlgines
amira’s strong capabilities for 3D data visualization such aglhare-accelerated volume ren-
dering, with specific tools for molecular visualization atata analysis, such as molecular sur-
faces, sequence alignment, configuration density cormipatand molecule trajectorieamira
Molecular Pack includes a very powerful molecule editor.

e amira Mesh Packsupports mesh generation for flow, stress, and thermal sisafpr export
of surface or 3D meshes to solvers; and for post-procesdidgta coming back from these
solvers, providing very powerful visualization on scalagctor, and tensor fields.

e amira Large Data Packallowsamira to deal with data sets up to 8GB. This allows you go
beyond the limit of 32-bits addressing and average size sitta For data sets smaller than
1GB, a Large Data Pack license is not necessary.

e amira Very Large Data Pack manages and visualizes very large amounts of volume data, up
to hundreds of gigabytes. The multi-resolution technigeesuin this pack allows for interactive
visualization and navigation through vast amounts of data.

e amira Quantification+ Pack includes new image processing capability as well as imagk an
ysis and quantification tools. Very powerful for materiaksces, this pack allows for efficient
statistical analysis of data in this application area.

e amira DICOM Reader allows for import/export of DICOM data iamira, makingamira the
perfect application for medical data analysis.

e amira SEG-Y Readerallows for import of SEG-Y data iamira, makingamira a very power-
ful application for building visualizations on oil and gaatd sets. Coupled with themira Very
Large Data Pack, it allows for exploration of huge reserdaita sets.
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e CATIA 4, CATIA 5, IGES, and STEP readers for amira allow the visualization data com-
ing from the CAD field. Coupled wittamira VR Pack, these readers bring CAD models to
immersive visualization and collaborative environments.

e TNO Madymo For amira allowsamira to build visualizations from data in the Madymo file
format. MADYMO is the world-wide standard for occupant ggfanalysis. It is used exten-
sively in industrial engineering, design offices, resedabloratories, and technical universities.

e Mecalog Radioss Foramira allowsamira to build visualizations from data in the Radioss file
format. Radioss from Mecalog is a CAE software package falistic industrial simulations of
applied mechanics based on explicit finite element teclasqu

e ResolveRT Packsupports microscopy features as well as deconvolution.

e Skeleton Packsupports reconstruction and analysis of vascular and denagtworks.

The following table shows the license keyword associatel @éach of theamira packs:

amira Pack License keyword
Developer Pack AmiraDev

VR Pack AmiraVR

Molecular Pack AmiraMol

Mesh Pack AmiraMesh

Large Data Pack AmiralLD

Very Large Data Pack AmiraVLD
Quantification+ Pack AmiraQuant
DICOM reader AmiraDicomReader
SEG-Y reader AmiraSegyReader
CATIAS reader AmiraCatia5Reader
CATIA4 reader AmiraCatia4Reader
IGES reader AmiralgesReader
STEP reader AmiraStepReader

TNO Madymo reader AmiraMadymoReader
Mecalog Radioss reader AmiraRadiossReader
ResolveRT ResolveRT

Skeleton Pack ResolveRTSkel

For additional information abouamira and its packs, please refer to tlenira web site,
www.mc.com/tgs
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Chapter 2

First steps inamira

This chapter contains step-by-step tutorials illustgatine use ofamira. The tutorials are almost
independent of each other, so after reading the basics iG#tEng Started section it is possible to
follow each tutorial without knowing the others. If you gadligh all tutorials you will get a good
survey ofamira’s basic features. In particular, these topics will be ceder

e Getting started the basics oamira

e Reading imageshow to read images

e Visualizing 3D images slices, isosurfaces, volume rendering

e Image segmentatiorsegmentation of 3D image data

e Surface reconstructiorsurface reconstruction from 3D images

e Grid generation creating a tetrahedral grid from a triangular surface

e Warping- how to work with landmark sets

e 3D image registrationhow to register 3D image datasets

e Alignment of 2D Physical Cross-Sectiongow to reconstruct a 3D model
e \ector fields- stream lines and other techniques

e The DemoMaker modulecreating animations with the DemoMaker module
e Creating movie files how to use the MovieMaker module

e Using Matlab- how to use the CalculusMatlab module

In all tutorials the steps to be performed by the user are ethby a dot. If you only want to get a
quick idea how to work witramira you may skip the explanations between successive stepsisind j
follow the instructions. But in order to get a deeper unaarding you should refer to the text.

Note: If you want to visualize your own data, please first refer &xt®n4.1 This section contains
some general hints on how to import data sets amtora.



2.1 Getting Started

In this section you will learn how to

start the program

load a demo data set into the system
invoke editors for editing the data
connect visualization modules to the data
interact with the 3D viewer.

a0

The following text has the form of a short step-by-step tialoEach step builds on the steps described
before. We recommend that you read the text online and caitryhe instructions directly on the
computer. Instructions are indicated by a dot so you canuwggbem quickly without reading the
explanations between the instructions.

e On a Windows system, select tamira icon from the start menu. On a Unix system, stamira
by enteringamira in a shell window.

If there is no such command, the software has not been pxoipsthlled. In this case try to execute
the scriptbin/start located in theamira root directory.

Whenamira is running, a window like the one shown in Figl2el appears on the screen. The user
interface is divided into four major regions. The 3D viewanaow displays visualization results, e.g.,
slices or isosurfaces. The Pool will contain small icongespnting data objects and modules. The
Properties Area displays interface elemempisr{s) associated wittamira objects. Finally, the lower
left pane is shared by the console amlira’s integrated hypertext help browser. Click on the Console
or Help tab to select which window you want to view. The coegmiints system messages and lets
you enteramira commands. You can use the help browser to read the user’s gaoiohe.

You can also activate the help browser by pressing F1, sseigdser’'s Guidefrom theHelp menu of
amira’s main window, or by typindielp in the console window.

2.1.1 Loading Data

Usually, the first thing you will do after startirgmira is to load a data set. Let’s see how this can be
done:

e ChooseOpen Data ..from theFile menu.
After selecting this menu item, the file dialog appears (sgare2.2). By default the dialog displays

the contents of the first directory defined in the environnvaniableAMIRADATADIR If no such
variable exists the contents amira’s demo data directory are displayed. You can quickly switch
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Figure 2.1: Theamira user interface consists of five major parts: the 3D viewert{l® Pool (2), the Properties Area (3), the
console window (4), and the help browser (5).

other directories, e.g., to the current working directosing the directory list located in the upper part
of the dialog window.

At the top of the Pool is an Open Data button which is a shottetiie File/Open Data dialog. You
may use it for opening data files in the tutorials that follbvawever, the tutorials will instruct you to
use the File/Open Data command.

amira is able to determine many file formats automatically, eithyeanalyzing the file header or the
file name suffix. The format of a particular file will be printedthe file dialog right beside the file
name.

Now, we would like to load a scalar field from one of the demadhtectories contained in tlaamira
distribution.

e Change to the directoyata/tutorials , select the fildobus.am and pres©OK.

The data will be loaded into the system. Depending on itsthigemay take a few seconds. The file
is stored inamira’s native AmiraMeshformat. The filelobus.am contains 3D image data of a part
of a fruit fly’s brain, namely an optical lobe, obtained by fmzal microscopy. This means the data
represents a series of parallel 2D image slices across a [Bingo Once it has been loaded, the data
set appears as a green icon in the Pool. In the following wehialdata set “lobus data set”.

e Click on the green data icon with the left mouse button toctéte
This causes some information about the data record to biagéspin the Properties Area (Figuzes).

In our case we can read off the dimensions of the data setritihéipe data type, the coordinate type,
as well as the voxel size. To deselect the icon, click on antgmawea in the Pool window. You may
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Figure 2.2 Data sets can be loaded inganira using the file browser. In most cases, the file format can bermated
automatically. This is done by either analyzing the file legaa the file name suffix.

Figure 2.3 Data objects are represented by green icons in the Pook @nicon has been selected information about the data
set such as its size or its coordinate type is displayed iPtbperties Area.

12 Chapter 2: First steps immira



also pick the icon with the left mouse button and drag it atbimrthe Pool.

Clicking on an object typically causes additional buttanbe displayed in the button area at the top of
the Pool. These buttons are convenience buttons allowisyg @@e-click access to the modules most
frequently used by the selected object. The tutorials, ewsvill have you to access modules via the
menu interface to help familiarize you with the organizatid modules withiramira.

2.1.2 Invoking Editors

After selecting an object, in addition to the textual infation, some buttons appear in the Properties
Area, to the far right of the data object’s name. These bsttepresen¢ditorswhich can be used to
interactively manipulate the data objectin some way. Fangxe, all data objects providgprarameter
editor. This editor can be used to edit arbitrary attributes assediwith the data set, e.g. filename,
original size, or bounding box. Another example is ttasform editomwhich can be used to translate
or rotate the data in world coordinates. However, at thisfpee don’t want to go into details. We just
want to learn how to create and delete an editor:

Indoc 128« 128 x 87 bytes [22.,, 254, unifiosm coonds
Voxel Size: 1.56853 « 1. 56953 « 1.56386

&
[ —1 @@@‘

e Invoke one of the editors by clicking on an editor icon.
e Close the editor by clicking again on the editor icon.

Further information about particular editors is providedtie user’s reference manual.

2.1.3 \Visualizing Data

Data objects like the lobus data can be visualized by attaatisplay moduleso them. Each icon in
the Pool provides a popup menu from which matching modukes,modules that can operate on this
specific kind of data, can be selected. To activate the poprmum

e click with the right mouse button on the green data icon. Gledbe entry calleBoundingBox
After you release the mouse button, a rlBaundingBoxmodule is created and is automatically con-
nected to the data object. TlB®unding Boxobject is represented by a yellow icon in the Pool and
the connection is indicated by a blue line connecting thasc@t the same time, the graphics output
generated by thBoundingBoxnodule becomes visible in the 3D viewer. Since the outpubis/ary
interesting, in this case we will connect a second displaglufeto the data set:

e Choose the entry calledrthoSlicefrom the popup menu of the lobus data set.
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Figure 2.4 In order to attach a module to a data set, click on the greem using the right mouse button. A popup menu
appears containing all modules which can be used to prolissgdrticular type of data.

Now a 2D slice through the optical lobe is shown in the viewardew. Initially, a slice oriented per-
pendicular to the z-direction and centered inside the invafi@ame is displayed. Slices are numbered
0, 1, 2, and so on. The slice number as well as the orientateopaameters of th@rthoSlicemodule.

In order to change these parameters, you must select thelenddke for the green data icon, this
is done by clicking on th©rthoSliceicon with the left mouse button. By the way, in contrast to the
BoundingBoxthe OrthoSliceicon is orange, indicating that this module can be used fppirig.

e Select theDrthoSlicemodule.

Now you should see various buttons and sliders in the Priegeftrea, ordered in rows. Each row
represents @ort allowing you to adjust one particular control parameterudlly, the name of a port
is printed at the beginning of a row. For example, the portlliedtSlice Numbeallows you to change
the slice number via a slider.

e Select different slices using tt&ice Numbeport.
By default, OrthoSlicedisplays slices with axial orientation, i.e., perpendicitb the z-direction.
However, the module can also extract slices from the imaterweperpendicular to x- and y-direction.

These two alternate orientations are sometimes referradgagittalandcoronal (these are standard
phrases used in radiology).

2.1.4 Interaction with the Viewer

The 3D viewer lets you look at the model from different pasis. If you click on thélrackballbutton
in the viewer toolbar, moving the mouse inside the viewerdeim with the left mouse button pressed
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Figure 2.5 Visualization results are displayed in the 3D viewer wiwd&arameters or ports of a module are displayed in the
Properties Area after you select the module.

lets you rotate the object. If you click on tiHeanslateor theZoombuttons, you can translate or zoom
the object. (For zoom, move the mouse up and down.)

Alternatively, with the middle mouse button pressed you ttanslate the object. For zooming press
both the left and the middle mouse buttons at the same timenawe the mouse up or down.

Notice that the mouse cursor has the shape of a little harkitise viewer window. This indicates that
the viewer is in viewing mode. By pressing tB&Ckey you can switch the viewer into interaction
mode. In this mode, interaction with the geometry displaijethe viewer is possible by mouse
operations. For example, when usi@gthoSliceyou can change the slice number by clicking on the
slice and dragging it.

Select different buttons of th@rientationport of theOrthoSlicemodule.
Rotate the object in a more general position.

e Disable theadjust viewtoggle in theOptionsport.

Change the orientation using tReientationport again.

Choose different slices using tBéice Numbeport or directly in the viewer with the interaction
mode described above.

Each display module hasvéewer toggleby which you can switch off the display without removing
the module. This button is just to the right of the colored Wwaere the module name is shown as
illustrated below.

e Deactivate and activate the display of tBehoSliceor BoundingBoxmodule using theiewer
toggle
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Figure 2.6 TheOrthoSlicemodule is able to extract arbitrary orthogonal slices froragular 3D scalar field or image volume.

§ Oientation: & w O e O e

If you want to remove a module permanently, select it and saBemove Objedtom thePoolmenu.
ChooseRemove Alfrom the same menu to remove all modules.

e Remove théBoundingBoxmodule by selecting its icon and choosiRgmove Objedtom the
Poolmenu.

e Remove all remaining modules by choosiRgmove All Objectsom the same menu.

Now the Pool should be empty again. You may continue with #ad tutorial, i.e., the one oscalar
field visualization

2.2 How to load image data

Loading image data is one of the most basic operatiorsriita. Other than with 2D images, there
are not many standardized file formats containing 3D imadéss tutorial guides you by means of
examples on how to load the different kinds of 3D images @mtara. In particular this tutorial covers
the following topics:

1. Using theFile/Open Data..browser and setting the file format.
2. Reading 3D image data from multiple 2D slices.
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3. Setting the bounding box or voxel size of 3D images.
4. TheStacked Slicefile format.
5. Working with LargeDiskData.

2.2.1 Theamira file browser

Image data is loaded in amira with tRée/Open Data..dialog. All file formatssupported byamira
are recognized automatically either by a data header ordfilthname suffix. What follows is only
of concern in these cases:

e The automatic file format detection fails.
e 3D image data is stored in several 2D files.
e The data is larger than the available main memory.

Setting the file format

In most cases the format of a file is determined automaticeitiier by checking the file header or
by comparing the file name suffix with a list of known suffixes.tlhe load dialog the file format is
displayed in a separate column in detail view.

Example:

e Files containing the stringmiraMesh in the first line are considereéimiraMesHfiles.
o Files with the suffix .stl are considered STL files.

If automatic file format detection fails, e.g. because some-standard suffix has been used, the
format may be set manually using tRermat entry in the pop-up menu of thieoad dialog (right
mouse button).

2.2.2 Reading 3D image data from multiple 2D slices

A common way to store 3D image data is to write a separate 2[@eénfite for each slice. The 2D
images may be written in TIFF, BMP, JPEG, or any other sugoldrhagdfile format In order to load
such data iramira, all 2D slices must be selected simultaneously in the filevses. This can be done
by clicking the first file and shift clicking the last one.

Open theFile/Open Data..dialog.

Browse to thé Amira-4.0/data/multichannell/channel/ directory.
Select the first filgpvccal.0001.jpeg

Shift -click the last file pvccal.0048.jpeg ).

Click Load
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Figure 2.7: The Formatoption of the file browser
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Figure 2.8 Loading multiple 2D images
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Figure 2.9 The definition of the bounding box Emira. Different gray shades depict the intensity values defimethe regular
grid (white lines). The black square depicts the extent efwoxel. The outer frame depicts the extent of the bounding bo

2.2.3 Setting the bounding box

When loading a series of bitmap images, usually the phydioansions of the images are not known
to amira. Therefore anmage Read Parametedsalog appears that prompts you for entering the phys-
ical extent of thebounding box Alternatively, the size of a single voxel can be set.amira the
bounding box of an object is the smallest rectangular, akigied volume in 3D space that encom-
passes the objechote that in amira the bounding box of a uniform data set eddédrom the center

of the first voxel to the center of the last one. For examplgoif have 256 voxels and you know the
voxel size to be 1 mm, the bounding box should be set to 0 - 25& $ome shifted range).

e Enter 0.85 in the first and second text fields and 3.5 in thixtfteld of theVVoxel Sizeport.
e Click OK.

This method will always create a data set with uniform cowatds, i.e., uniform slice distance. In
case of variable slice distances, tBiackedSliceformat should be used.

2.2.4 The Stacked Slices file format

Especially with histological serial sections it often happ that slices are lost during preparation. To
handle such caseamira provides a special data type corresponding to a file fornadlied Stacked
Slices This file format allows a stack of individual image files to t@&ad with optional z- values
for each slice. The slice distance is not required to be eosiThe images must be one-channel or
RGBA images in an image format supported by amira (e.g. TIFR¢ reader operates on an ASCII
description file, which can be written with any editor. Hes@h example of a description file:

# Amira Stacked Slices
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# 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

Some remarks on the syntax:

e # Amira Stacked Slices is an optional header that allows amira to automaticallgdet
mine the file format.

e pathname is optional and can be included if the pictures are not in teesdirectory as the
description file. A space separates the tag "pathname” frenattual pathname.

e pixelsize is optional, too. The statement specifies the pixel size anxty-directions. The
bounding box of the resulting 3D image is set from 0 to piads{numberof_pixels-1).

e picturel.tif 10.0 is the name of the slice and its z-value, separated by a spacaater.
e end indicates the end of the description file.
e Comments are indicated by a hash-mark character (#).

2.2.5 Working with Large Disk Data

Sometimes image data are so large that they do not fit into #ie memory of the computer. Since
the amira visualization modules rely on the fact that data are in ptalsnemory, this would mean
that such data cannot be displayed in amira. To overcomedlsisecial purpose module is provided
that leaves most of the data on disk and retrieves only asmeaified subvolume. This subvolume can
then be visualized with the standard visualization modinesnira.

e Use theFile/Open Data..dialog and go to c:/Program Files/Amira-4.0/data/medical
e Right-click on the reg005.ctdata.am and selectRenatentry from the pop-up dialog
e SelectAmiraMesh as LargeDiskDatas format and confirm your choice wi@K.

e Press thé.oadbutton.

The data will be displayed in the Pool as a regular green data i The info line indicates that it
belongs to the data clabkRawAsExternalData

e Right mouse click, attachBoundingBoxnodule.
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Figure 2.10 The usage oAmiraMeshasLargeDiskData For instantaneous update, #ato-refrestcheck boxes of théccess
andlsosurfacemodules have been checked

e Right mouse click, attach alccessnodule.
e Select theAccessnodule in the Pool and enter 224, 161, and 59 intcBbeSizdext fields.
e CheckSubsampland enter 4 4 2 into thBubsampléields and press th&pplybutton.

This retrieves a down-sampled version of the data. Disodrthereg005.view.andata icon from the
Accessnodule and use it as an overview (e.g. waittthoSlicé.

Select theAccessnodule in the Pool and deselect thebsampleheck box.

e Use the dragger box in the viewer to resize the subvolume.

Press thé\pplybutton.

Attach anlsosurfacemodule to theeg005.view?2.ar(set threshold set to 100).

Tip: To browse the data, check tla@ito-refreshcheck box for theAccessandIsosurfacemodules.
Now each time the blue subvolume dragger is repositionedvigualization is updated automatically.

Loading AmiraMesh StackedSlicesand Raw "asLargeDiskDatais a convenient and fast way of
exploring data that exceed the size of system memory. Hawespecially withStackedSlicest is

not always the most efficient way of doing th@anira can store the image data in a special format that
facilitates the random retrieval of data from disk.

e Choose from th€reate/DatamenuConvertToLargeDiskData
Click Browsefrom thelnputport.

Click Add go to/Amira-4.0/data/medical/ and selecteg005.ctdata.am , then
click Load

Click Browsefrom theOutputport.
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Figure 2.11 Thelnputdialog of theConvertToLargeDiskDatanodule.

e GotoC:/tmp/ and enter a filename of your choice.
e Press thé\pplybutton.

Although you will most likely not notice any difference withe small image data used in this tutorial,
this method for retrieving large data significantly accales theApplyoperation.

2.3 Visualizing 3D Images

This section provides a step-by-step introduction to trsuaiization of regular scalar fields, e.g.,
3D image data.amira is able to visualize more complex data sets, such as scalds fiefined on
curvilinear or tetrahedral grids. Nevertheless, in thigtis@ we consider the simplest case, namely
scalar fields with regular structure. Each step builds orstep before. In particular, the following
topics will be discussed:

orthogonal slices

simple threshold segmentation
resampling the data
displaying an isosurface
cropping the data

volume rendering

o g A~ wNPRE

We start by loading the data you already know from Secidr{Getting Started): a 3D image data set
of a part of a fruit fly’s brain. The data set has been recordddawconfocal laser scanning microscope
at the University of Wuerzburg.

e Load the filelobus.am located in subdirectorgtata/tutorials

22 Chapter 2: First steps immira



Figure 2.12 Lobus data set visualized using three orthogonal slices.

2.3.1 Orthogonal Slices

The fastest and in many cases most “standard” way of visngli2aD image data is by extracting
orthogonal slices from the 3D data setmira allows you to display multiple slices with different
orientations simultaneously within a single viewer.

e Connect 8BoundingBoxnodule to the data (use right mouse on lobus.am).
e Connect arDrthoSlicemodule to the data.

e Connect a second and thi@fthoSlicemodule to the data.

e SelectOrthoSlice2and presszor coronalin the Orientationport.

e Similarly, for OrthoSlice3chooseyz or sagittal orientation.

e Rotate the object in the viewer to a more general position.

e Change the slice numbers of the th@ehoSlicemodules in the respective ports or directly in
the viewer as described in section Getting Started.

In addition to theOrthoSlicemodule, which allows you to extract slices orthogonal todberdinate
axes,amira also provides a module for slicing in arbitrary orientatoihis more general module is
calledObliqueSlice You might want to try it by selecting it from the Display submu of the lobus
data popup menu.

2.3.2 Simple Data Analysis

The values of thalata windowport of the OrthoSlicemodule determine which scalar values are
mapped to black or white, respectively. If you choose a rasfge.g., 30...100, any value smaller
or equal to 30 will become black, and all pixels with an asatd value of more then 100 will become
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Figure 2.13 By adjusting the data window of therthoSlicemodule a suitable value for threshold segmentation can uredfo
Intensity values smaller than the min value will be mappeblack, intensity values bigger than the max value will be peap
to white.

white. Try modifying the range. This port provides a simplaywof determining a threshold, which
later can be used for segmentation, e.g., in biology or nieeli® separate background pixels from
anatomical structures. This can be most easily done by makig minimum and maximum values
coincide.

e Remove two of th@©rthoSlicemodules.
Select the remainin@rthoSlicemodule.
Make sure that thenapping types set tolinear.

Change the minimum and maximum values of the data windowyptit these values are the
same and a suitable segmentation result is obtained. Fod#ia set 85 should be a good
threshold value.

A more powerful way of quantitatively examining intensitglues of a data set is to use a data probing
modulePointProbeor LineProbe However, we will not discuss these modules in this intradnc
tutorial.

2.3.3 Resampling the Data

Now we are going to compute and display iansurface Before doing so, we will resample the
data. The resampling process will produce a data set withaaseo resolution. Although this is

not necessary for the isosurface tool to work, it decreagggpatation time and improves rendering
performance. In addition, you will get acquainted with dresttype of module. ThResamplenodule

is a computational module. Computational modules are seited by red icons. Typically you must
press the greeApplybutton at the bottom of the Properties Area to start the caatjom. After you
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Figure 2.14 Lobus data set visualized in 3D using an isosurface.

press this button they produce a new data object contaihaggisult.

e Connect &Resamplenodule to the data and select it.
e Enter values for a coarser resolution, e.g., x=64, y=643z=4
e Press thé\pplybutton.

A new green data icon representing the output of the resacophputation namelbbus.Resampled
created. You can treat this new data set like the originaldatata. In the popup menu of the resampled
lobus you will find exactly the same attachable modules andcam save and load it like the original
data.

You may want to compare the resampled data set with the atigime using th®rthoSlicemodule.
You can simply pick the blue line indicating the data conimecand drag it to a different data source.
Whenever the mouse pointer is over a valid source, the cdiondme appears highlighted in lighter
blue.

2.3.4 Displaying an Isosurface

For 3D image data sets, isosurfaces are useful for provatingpression of the 3D shape of an object.
An isosurface encloses all parts of a volume that are brightéan some user-defined threshold.

Turn off the viewer toggle of th®rthoSlicemodule.

e Connect arisosurfacanodule to the resampled data record and select it.
Adjust the threshold port to 85 or a similar value.

Press thé\pplybutton.
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2.3.5 Cropping the Data

Cropping the data is useful if you are interested in only d phthe field. A crop editor is provided
for this purpose. Its use is described below:

e Remove the resampled ddtdus.Resampled

e Activate the display of th@©rthoSlicemodule.

e Select thdobus.andata icon.

e Click on the Crop Editor button in the Properties Area.

A new window pops up. There are two ways to crop the data seti cém either type the desired
ranges of x, y, and z coordinates into the crop editor’'s wimdo put the viewer into interaction mode
and adjust the crop box using the green handles directlyeinvigwer window.

e Put the viewer into interaction mode.

e With the left mouse button, pick one of the green handlesladtd to the crop volume. Drag and
transform the volume until the part of the data you are irgeein is included.

e PresOK in the crop editor’s dialog window.

The new dimensions of the data set are given in the Propéktes. If you want to work with this
cropped data record in later sessions you should save it bysiigSave Data As ..from the File
menu.

As you already might have noticed, the crop editor also algau to rescale the bounding box of the
data set. By changing the bounding box alone, no voxels wilttlopped. You may also use the crop
editor to enlarge the data set, e.g., by entering a negadive for thek minnumber. In this case the
first slice of the data set will be duplicated as many timeseaessary. Also, the bounding box will be
updated automatically.

2.3.6 Volume Rendering

Volume Rendering is a visualization technique that giveB é3pression of the whole data set without
segmentation. The underlying model is based on the emissidrabsorption of light that pertains to
every voxel of the view volume. The algorithm simulates thsting of light rays through the volume
from pre-set sources. It determines how much light reachel goxel on the ray and is emitted or
absorbed by the voxel. Then it computes what can be seen frerutrent viewing point as implied

by the current placement of the volume relative to the vigmptane, simulating the casting of sight
rays through the volume from the viewing point.

You can choose between two different methods for these ctatipns:maximum intensitprojections
or an ordinary emission-absorption model.

e Remove all objects in the Pool other than tbleus.andata record.
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Figure 2.15 The crop editor works on uniform scalar fields. It allows yowrop a data set, to enlarge it by replicating boundary
voxels, or to modify its coordinates, i.e. to scale or shétiounding box.

Connect &/oltexmodule to the data.
Select the data icon and read off the range of data valueegrim the first info line (22...254).
Select thé/oltexmodule and enter the range in t@elormapport.

Press theApply button in order to perform some texture preprocessing wisictecessary for
visualizing the data.

By default, emission-absorption volume rendering is shoWme amount of light being emitted and
absorbed by a voxel is taken from the color and alpha valudiseofolormap connected to theltex
module. In our example the colormap is less opaque for smadlaes. You may try to set the lower
bound of the colormap to 40 or 60 in order to get a better fgelar the influence of théransfer
function In order to computenaximum intensitprojections, choose thaip option of portOptions

Internally, the voltex module makes heavy use of OpenGlutextnapping. Both texture modes, 2D

and 3D, are implemented. 3D textures yield slightly betsuits. However, this mode is not supported
by all graphics boards. The 3D texture mode requires you jigsathe number of slices cut through

the image volume. The higher this number the better theteeatd.

Alternatively, 2D textures can be used for volume renderinghis case, slices perpendicular to the
major axes are used. You may observe how the slice orientelianges if you slowly rotate the data
set. The 2D texture mode is well suited for mid-range gragpWiarkstations with hardware accelerated
texture mapping. If your computer does not support hardweteire mapping at all, you should use
visualization techniques other than volume rendering.

e Make sure thenip button of portOptionsis unchecked.
o |f 3D texture mode is enabled, choose about 200 slices.
e Click with the right mouse button on pd@olormapand chooseolrenRed.ical
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Figure 2.16 The Voltexmodule can be used to generate maxmimum intensity projects well as volume renderings based
on an emission-absoprtion model. In both cases, 2D or 3Drexhapping techniques can be applied applied.

e SetLookupto RGBA and change the min and max values of the colormap tad @ 80.
e Finally, pressApplyin order to initialize thé/oltextextures.

Whenever you choose a different colormap or change the ndmeax values of the colormap, you
must press th&pplybutton again. This causes the internal texture maps to loemeated. An excep-
tion are SGI systems with Infinite Reality graphics. On thgls¢forms a hardware-specific OpenGL
extension is exploited, causing colormap changes to tdketémmediately.

2.4 Segmentation of 3D Images

By following this step-by-step tutorial you will learn how interactively create a segmentation of
a 3D image. A segmentation assigns to each pixel of the imdgbkeh describing to which region
or material the pixel belongs, e.g., bone or the kidney. Tdwgrentation is stored in a separate data
object called d_abelField A segmentation is the prerequisite for surface model geivgror accurate
volume measurement.

This tutorial comprises the following steps:

1. Creation of an empty LabelField.

2. Interactive editing of the labels in thimage Segmentation Editor
3. Measuring the volume of the segmented structures.

4. An alternative segmentation method: Threshold segrtienta
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2.4.1 Interactive Image Segmentation

e Load thelobus.andata file from the directorgata/tutorials
e Right click on the green icon and chodsabelFieldfrom the Labelling section.

A new green icon appears, the LabelField that will hold trgnsentation results. Simultaneously, the
image segmentation editor is displayed in the 3D viewer pane

By default, the segmentation editor operates in 4-viewedendn this mode, three 2D viewers with
different orientations and an additional 3D viewer are ldiged.

The tools of the segmentation editor are displayed wher@tw and Properties Area are normally
displayed. You can click on the tabs at the top of this regooswtitch between the two displays. For
this tutorial, you'll want to display the segmentation ol

e Use the mouse to expand the viewer so that you have more roorarieuver in.

e In the lower right view, use the slider on the bottom to scttmibugh the slices. Go to slice 20.
You see two bigger structures and one structure just appeani the top.

e If necessary, click on the second button under the IZbeim and Data Windo¥o zoom out the
data so that you have a view of the entire slice.

e Click on the second button under the labebls the brush.

e Mark the rightmost structure with the mouse. Hold down theticd button to unselect wrongly
selected pixels if necessary.

e When done, select the enttysidein the Materials list. Then click the+ button under the
Selectiorlabel.

The previously selected pixels are now assigned to the rablteside. You can right click on the entry
Insidein the Materialslist and choose a different draw style (for example, dotted)

e Click into the material list and choodéew Materialfrom the right button menu.

e Mark the middle structure using the brush, select the newerighin the Materials list and assign
the pixels to that structure.

e Gotoslice 21 and practice by segmenting the two structures.

Hint: If you prefer to work with one larger view rather than four dieaviews, click on theLay-
outl button in the viewer toolbar. To cycle through each of ther faaws, press th&ayoutlbutton
repeatedly. To return to 4-viewer mode, pressltagout4button.

If a structure does not change a lot from slice to slice, youwse interpolation.

e Go to slice 22 and mark the right structure using the brushta&ice 31 and mark the same
structure.

e Choose from the menu bar: Selection/Interpolate.
e Scroll through the data set. You should see that the in betwkees 23 to 30 are selected too.
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Figure 2.17 Image segmentation editor after selecting and assigrixgdsgfor two structures in one slice

e Inorder to assign the selected pixels in all slices to thellnmaterial, select the Inside material
in the list, then click the- button.

e Repeat the procedure between slice 32 and 50.
e Repeat the procedure for the middle structure.

Hints:

e |tis highly recommended to frequently save the segmemtaéisults while working. In order to
do so, select the label field in tlEnira main window and choosBaveor Save As..from the
amira File menu.

e The brush is only the most basic segmentation tool. The settien editor provides many
more functions that are described onrggerence page

e There are many useful key bindings, including SPACE and BS&EKCE to change the slice
number or "d” to toggle the draw style.

e Of course you can give the materials more meaningful nameslors using the context menu
(right mouse button in the list).

At this point you may want to close the editor by pressing@hmsebutton. Save the label field. In the
next tutorial you will learn how to create a 3D surface modeif the segmentation results.

2.4.2 \olume Measurement

Once a structure is segmented, you can easily measureutsgol

¢ Right click on the LabelField’s green icon. Choddeasure/TissueStatistics
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e Press thé\pplybutton. A new icon appears.
e Select this icon and press tB&owbutton.

The units in the volume column depend on the units you haveifgge the voxel size. In case of the
lobus.amthe voxel size is inum, therefore the volume is inm?3.

2.4.3 Threshold Segmentation

We now describe an alternative way of segmentation, whichrequire less manual interaction, but
only works for images with good quality.

In some cases a satisfying segmentation can be achievadaidally based solely on the gray values
of the image data set.

The first step is to separate the object from the backgrouh@ i$ done by segmenting the volume
into exterior and interior regions on the basis of the voxdligs.

e Load thelobus.andata record from the directodata/tutorials
e Attach aLabelVoxelmodule to the data icon and select it.

e Type 85 into the text field of poxterior-Inside You may also determine some other threshold
that separates exterior and interior as described in tbealibn Image Data Visualization.

e Press thé\pplybutton.

By this procedure each voxel having a value lower than thestiold is assigned ®xterior and each
voxel whose value is greater than or equal to the thresh@dsgned tdnterior. This may, however,
cause artifacts that are not part of the object but which lvaxel values above the threshold to be
assigned to the interior. This can be suppressed by seltirgrnove coucloption which assures that
only the biggest coherent area will be labeled as the intara all other voxels are assigned to the
exterior.

After you press theApply button, a new data object is computed and its icon appeaiseifPool.
The data object is denotddbus.Labels It is of type LabelField represents a cubic grid with the
same dimensions #sbus.amand contains an interior or exterior label for each voxebading to the
segmentation result.

2.4.4 Refining Threshold Segmentation Results

You can visualize and manually modifylabelFieldby usingamira’s image segmentation editok
more detailed description of this tool is contained in theltssReference guide. Here, we use the
image segmentation editor to smooth the data in order to gieea looking surface of the object.

e Select thdobus.Labelscon and click on the Image Segmentation icon in the gretntidr in
the Properties Area.
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Figure 2.18 Data from confocal microscopy is segmented usingra’s image segmentation editor.

In response the image segmentation editor is popped up.

¢ In the lower right view, use the slider on the bottom to se#ice 39.
e Choose a magnification ratio of 2:1 by pressing the zoom-ttpbin the Zoom and Data region

of the editor.

The image segmentation editor shows the image data to bees¢ganobus.an as well as brownish
contours representing the borders between interior ardiextegions as contained in thwbus.Labels
data object. As you can see, the borders are not so smootharedare many little islands, bordered
by brownish contours. This is what we want to improve now.

32

ChooseRemove Islandsom the editor'sSegmentatiomenu. In response, a little dialog win-
dow appears.

In the dialog window select thall slicesmode. Then presRemoven order to apply the filter
in all slices. Note how the segmentation results becomaleisy.

To further clean up the image, chooSenooth Labelérom the editor'sSegmentatiomenu.
Another dialog box appears.

Select the8D volumemode and press thpplybutton in order to execute the smoothing opera-
tion.

To examine the results of the filter operations, browse thinadhe label field slice by slice. In
addition to the slice slider you may also use the cursor-apcamsor-down keys for this.

Click on theClosebutton to close the image segmentation editor.
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2.5 Surface Reconstruction from 3D ImagesNlesh Pack )

By following this step-by-step tutorial, you will learn haw generate a triangular surface grid for an
object embedded in a voxel data set. A surface grid allowgfoducing a 3D view of the object’s
surface and can be used for numerical simulations.

The generation process consists of these steps:

1. Extracting surfaces from segmentation results
2. Simplifying the surface

As a prerequisite for the following steps, you need a labél fiehich holds the result of a previous
image segmentation. You can either use the label field whichcyeated in the previous tutorial or
load the providedbbus.labelglata set from theata/tutorialsdirectory.

2.5.1 Extracting Surfaces from Segmentation Results

Now we letamira construct a triangular surface of the segmented object.

e Connect aSurfaceGemodule to thdobus.Labelslata.
e Press thé\pplybutton.

The optionadd borderensures that the created surface be closed. A new data ddipest surfis
generated. Again, it is represented by a green icon in thé Poo

2.5.2 Simplifying the Surface

Usually the number of triangles created by tBerfaceGemmodule is far too large for subsequent
operations. Thus, the number of triangles must be reducadunface simplificatiorstep. Inamira a
Surface Simplification Editas provided for this purpose.

e Select the surfacebus.surf
e Click on the Simplifier button (triangle mesh icon) in the pedies Area.
e Set the desired number of faces to 3500 inSivaplifyport.

e Turn on thefasttoggle in theOptionsport. This option disables some time-consuming intersec-
tion tests.

e Push theSimplify nowbutton in theActionport.

The number of triangles is reduced to about 3500 now. Thega®gar tells you how much of the
simplification task has already been done.

To examine the simplified surface, attacSarfaceViewmodule to thdobus.surfdata object.
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Figure 2.19 Surface representation of optical lobus as triangulat gri

TheSurfaceViewnodule maintains an internal buffer and displays all trlaagtored in this buffer. By
default the buffer shows all triangles forming the boundarthe exterior. If you change the selection
at theMaterials port, the newly selected triangles are highlighted, iteeytare displayed using a red
wireframe representation. TieldandRemovéuttons cause the highlighted triangles to be added to
or removed from the buffer, respectively. You may easilysgiize a subset of all triangles using a 3D
selection box or by drawing contours in the 3D viewer. Pree€lear button of theBufferport to see
the display shown in Figur2.19

2.6 Creating a Tetrahedral Grid from a Triangular Surface
(Mesh Pack)

By following this step-by-step tutorial, you will learn hotw generate a volumetric tetrahedral grid
from a triangular surface as created in the previous tutakitetrahedral grid is the basis for producing
various views of inner parts of the object, e.g., cuts thipiigand is frequently used for numerical
simulations.

The generation process consists of these steps:

1. Simplifying the surface
2. Editing the surface
3. Generating a tetrahedral grid

As a prerequisite for the following steps, you need a tridagsurface, which is usually the result of a
previous surface reconstruction. Load the supdbéds.surdata set from thdata/tutorialsdirectory.
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Figure 2.2Q Surface representation of optical lobus as triangulat gri

2.6.1 Simplifying the Surface

Usually the number of triangles created by tBerfaceGemmodule is far too large for subsequent
operations, e.g., for a numerical simulation. Thus, the bemof triangles should be reduced in a
surface simplificatiorstep. Inamira a Surface Simplification Editois provided for this purpose.
There may be different goals for the simplification:

e In computer graphicsone wants to prescribe just the number of faces, becaiusdeteérmines
the rendering speed.

e For anumerical simulationone often wants to specify the maximum edge length occuning
the grid model.

This tutorial shows how the maximum edge length can be cbedrduring simplification.

e Select the surfacebus.surf
e Click on the Simplifier (triangle mesh icon) in the Propestigea.

e Set the desired number of faces to 1000 and the desired miadistence (i.e. edge length) to
10 in theSimplifyport.

e Leave thefasttoggle turned off in th@ptionsport. This will cause intersection tests to be per-
formed during simplification, which will considerably regkithe probability that the simplified
surface contains self intersections.

e Press th&implify nowbutton in theActionport.
Simplification terminates when either of the limits given twe number of faces or the maximum

distance is reached. The progress bar tells you how muctedithplification task has already been
done. In this example the maximum distance will be the limgitiactor, and the resulting surface will
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contain about 6000 faces.

Besides the maximum edge length, the minimum edge lengtirorg in the surface should also be
controlled, because the ratio of maximum and minimum edggttewill influence the quality of the
resulting tetrahedral grid. This ratio should not be muchdathan 10. If edges that are too short
occur in the simplified surface, they can be removed as fallow

e Set the desired minimum distance to 2 in Sieplifyport.

e Observe the number of faces as shown atShgaceport, and press th€ontract edgedutton
in portAction All edges shorter than 2 will be contracted. In this exanaleut 30 small edges
will be detected. You will observe that the number of facéghtly decreases.

2.6.2 Editing the Surface
As a second step of preparation for tetrahedral grid geioerahvoke theSurface Editar

e Select the surfacebus.surf
e Leave theSurface Simplification EditqiSimplifier) by again clicking on the triangle mesh icon.
e Enter theSurface Editolby clicking on the Surface Editor button in the Propertiesar

Automatically, aSurfaceViewmodule will be attached to tHebus.surfsurface. For details about that
module see its description.

When theSurface Editois invoked, theSurfacemenu is added tamira’s menu bar and a new toolbar

is placed just belovamira’s viewer toolbar. TheSurface/Testsenu contains 6 specific tests which
are useful for preparing a tetrahedral grid generation.hEddhe tests creates a buffer of triangles
which can be cycled through using the back and forward batton

e Selectintersection testrom theSurface/Testsienu. The total number of intersecting triangles is
printed in the console window. Intersections shouldn’twdoo often if toggldastwas switched
off during surface simplification. In case they occur, thstfaf the intersecting triangles and its
neighbors are shown in the viewer window.

e You can manually repair intersections using four basic aiens: Edge Flip Edge Collapsge
Edge BisectionandVertex TranslationSee the description of theurface Editofor details.

e After repairing, invoke the intersection test again by stihg it from theSurface/Testsenu or
by pressing th€omputebutton.

e When the intersection test has been successfully pasdedt #& Orientation testfrom the
Surface/Testmenu. After surface simplification, the orientation of a #mamber of triangles
may be inconsistent, resulting in a partial overlap of théemals bounded by the triangles. In
case of such incorrect orientations, which should occueqarely, there is an automatic repair.
If this fails, the detected triangles will be shown, and yan ase the above mentioned manual
operations for repairNote: There are two prerequisites for the orientation test: théasa
must be free of intersections, and the outer triangles otintace must be assigned to material
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Exterior. If the surface does not contain such a material or if thegagsent toExterior is not
correct, the test will falsely report orientation errors.

A successful pass of the intersection and orientation $estaindatory for tetrahedral grid generation.
These tests are automatically performed at the beginnigg@yeneration. So you can directly enter
theTetraGemmodule (see below) and try to create a grid. If one of the fads an error message will
be issued in the console window. You can then go back t&thréace Editorand start editing.

The remaining three tests analyze the surface mesh witlkecepdifferent quality measures. These
tests only need to be performed if the tetrahedral qualith@folumetric grid plays an important role,
e.g., if the grid will be used for a numerical simulation.

e SelectAspect ratiofrom the Surface/Testsnenu. This computes the ratio of the radii of the
circumcircle and the incircle for each triangle. The triengith the worst (i.e. largest) value
is shown first, and the actual value is printed in the consatelew. The largest aspect ratio
should be below 20 (better below 10). Fortunately there ialdnmatic tool for improving the
aspect ratio included in teurface Editor

e SelectFlip edgedrom theEdit menu. A small dialog window appears. In the Radius Ratio,area
set the value of the "Try to flip a triangle...” field to 10. Selenodeoperate on whole surface
Press buttofrlip. All triangles with an aspect ratio larger than 10 will bepested,; if the aspect
ratio can be improved via an edge flip, this will be done autiicafly. The console window will
tell you the total number of bad triangles and how many of tlvewld be repaired. Press the
Closebutton to leave th&lip edgesool.

e Select agairAspect ratiofrom the Surface/Testsnenu. Only a small number of triangles with
large aspect ratio should remain after applyingfhp edgesool.

e SelectDihedral anglefrom the Surface/Testsnenu. For each pair of adjacent triangles, the
angle between them at their common edge will be computed.tffdrggle pair including the
worst (i.e. smallest) angle is shown in the viewer, and thieadwalue is printed in the console
window. The smallest dihedral angle should be larger thaegsaks (better larger than 10).

e For a manual repair of a small dihedral angle proceed asaisligelect the third points of both
triangles (i.e. the points opposite to the common edge) amekerthem away from each other.
For moving vertices you must entéertex Translatioomode by clicking on the first icon from
the right on the top of the viewer window or by pressing'ttie key. If the viewer is in viewing
mode, switch it into interaction mode by pressing B#&Ckey or by clicking on the arrow icon
(the first icon from the top) on the right of the viewer windd®ick on the vertex to be moved.
At the picked vertex a point dragger will be shown. Pick arh$tate the dragger for moving
the vertex.

e In some cases an edge flip might also improve the situatioteriEadge Flipmode by clicking
on the third icon from the right on the top of the viewer windowby pressing théf*  key.
Switch the viewer into interaction mode. Click on the edgbedlipped.

e SelectTetra qualityfrom the Surface/Testsenu. For each surface triangle the aspect ratio of
the tetrahedron which would probably be created for thantyie will be calculated. The aspect
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ratio for a tetrahedron is defined as the ratio of the radihefd¢ircumsphere and the inscribed
sphere. The triangle with the worst (i.e. largest) valuehisw in the viewer, and the actual
value is printed in the console window. The largest tetraélealspect ratio should be below
50 (better below 25). If all small dihedral angles have alyebeen repaired, the tetra quality
test will mainly detect configurations where the normalatise between two triangles is small
compared to their edge lengths. Again, tleetex translatiorand theedge flipoperation are best
suited for a manual repair of large tetrahedron aspectsatio

e Leave theSurface Editoby again clicking on the Surface Editor button in the Prapsrirea.

Hint: In order to see the entire surface again, select the Surfawa®on, then press itShow/Hide
button, then press thdewAll button in the viewer toolbar.

2.6.3 Generation of a Tetrahedral Grid

The last step is the generation of@lumetric tetrahedral gridrom the surface. This means that the
volume enclosed by the surface is filled with tetrahedra.

Because the computation of the tetrahedral grid may be tonsuming it can be performed abatch
job. You can then continue working wittimira while the job is running. However, for demonstration
purposes we want to compute the grid right insideira.

e Connect aTetraGermodule to thdobus.surfsurface by choosinGompute TetraGefrom the
popup menu over thiebus.surficon.

e Leave togglamprove gridswitched on and togglsave gridswitched off at theDptionsport.
Theimprove gridoption will invoke an automatic post-processing of the gatesl grid, which
improves tetrahedral quality by some iterations that mowei vertices and flip inner edges and
faces. See the description of tBid Editorfor details.

If toggle save gridis selected, an additional pdsrid appears, where you can enter a filename.
The resulting tetrahedral grid will be stored automaticalhder that name. If you want to run
grid generation as a batch job, you must selecsthe gridoption.

e Press theMeshsizebutton of theAction port. An editor window will appear. It allows you to
define a desired mesh size, i.e., mean length of the innesadd®e created, for each region.
For this you must enter the bundle of that region, and seletrpeteMeshSizeThen you can
change the value in the text field at the lower border of théoedThere are some predefined
region names immira for which a default mesh size will be automatically set. Makee that
the default values are suitable for your application. If ywa not sure about a suitable value,
set the desired mesh size to 0. In this case the mean edgh tE#rtge surface triangles will be
used.

e Press th&un nowbutton at porAction A pop-up dialog appears asking you whether you really
want to start the grid generation. Cli€ontinuein order to proceed.

Once grid generation is running, the progress bar informsalmut the number of tetrahedra which
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Figure 2.21 Volumetric representation of optical lobe as tetrahedril

already have been created. In some situations grid geoeraty fail, for example, if the input surface
intersects itself. Then an error message will occur atibresole Windowin this case go back to the
Surface Editoto interactively fix any intersections.

After the tetrahedral grid has been successfully creatadweicon calledobus.gridwill be put in the
Pool. You can select this icon in order to see how many tethahine created grid contains. If grid
generation takes too long, you may also load the pre-cordmuté lobus.gridfrom thedata/tutorials
directory.

As the very last step you may want to have a look at the fruiygof work:

e Attach aGridVolumemodule to thdobus.grid
e Select theGridVolumeicon and press thadd tobutton of theBufferport.

The GridVolumemodule maintains an internal buffer and displays all tegthh stored in this buffer.
By default the buffer is empty, but all tetrahedra are higjmied, i.e., they are displayed using a red
wireframe representation. Theld tobutton causes the highlighted tetrahedra to be added taffez.b
You may easily visualize a subset of all tetrahedra using a&lBction box or by drawing contours in
the 3D viewer.

Similar to theSurface Editorthere is aGrid Editorwhich can be invoked by selecting the green icon of
the tetrahedral grid and clicking on the pencil icon (firsinfrthe right in the title bar) in the Properties
Area. The editor allows for selecting tetrahedra with respedifferent quality measures, e.g., aspect
ratio, dihedral angles at tetrahedron edges, solid angketrahedron vertices, and edge length. The
editor contains several modifiers that can be applied foravipg mesh quality.
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2.7 Warping and Registration Using Landmarks

This is an advanced tutorial. You should be able to load filggract with the3D viewer, and be
familiar with the 2-viewer layout and the viewer toggles.

We will transform two 3D objects into each other by first sgjtiandmarks on their surfaces and then
defining a mapping between the landmark sets. As a result alesge a rigid transformation and a
warping which deforms one of the objects to match it with tlieea The steps are:

1. Displaying data sets in two viewers.
2. Creating a landmark set.

3. Alignment via a rigid transformation.
4. Warping two image volumes.

2.7.1 Displaying Data Sets in Two Viewers

The data we will be working with in this tutorial are of the saukind you have already seen before:
Two optical lobes of a drosophila’s brain.

e Load the two lobes by executing the script share/exampledthark.hx.

This script will load two data sets calléobus.amandlobus2.amIn addition, two isosurface modules
connected to each of the data sets will be created. In theevidwe two lobes are visualized by
isosurfaces, the first in yellow and the second in blue. Asavesee, the lobes are oriented differently.
We want to look at each lobe in its own viewer.

e Choose? Viewers horizontafrom theView Layouimenu.
You can see the two lobes in both viewers.

e Visualize the first lobe (blue) in the upper viewer and theoselclobe (yellow) in the lower
viewer. This is done by deactivating the lower viewer toggl@nge buttons in the icons) of the
Isosurfacemodule and by deactivating the upper viewer toggle inlslosurfaceanodule.

2.7.2 Creating a Landmark Set
Now, let us create a landmark set object.
e From the main window'€reatemenu selecbData/Landmarks (2 sets)
in order to create an empty landmark object. A new green icitirshhow up in the Pool. Since we

are going to match two objects by means of correspondingrankls we had to select the landmark
objects containing 2 sets of landmarksidmarks (2 set})
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Figure 2.22 Two lobes visualized with isosurfaces in 2-viewer layout.

e Select objectandmarks
e Launch theLandmark Editoby clicking on the Landmark Editor button in the Properties&

When starting the editor,laandmarkViewnodule is automatically created and connected tad. tred-
marksdata object. As indicated on the info line, two empty landkrsats are available now. We use
the editor to define some markers in both objects. For theviaig, it is useful to push-pin the three
ports on the landmark editor. In order to do so, select thg gush-pin toggles to the left of the port
labels.

Connect a secondandmarkViewnodule to the_andmarksobject.
Select the firstandmarkViewmodule and choodeoint Set Point Set 1
Shift-select the secorlchndmarkViewmodule and choodeoint Set Point Set 2

e Set the viewer toggles of the twandmarkViewmodules in the same manner as described for
the SurfaceViewnodules previouslyLandmarkViewshould be visible in the upper viewer and
LandmarkView2n the lower viewer.

Before starting to set landmarks it is helpful to rotate thie tobes in their viewers such that they are
approximately aligned. This will make it easier to locateresponding features in the two objects and
to select reasonable positions for landmarks.

o Rotate the two lobes to align them roughly.

Now, we are ready to define and set corresponding landmasgtsctS8heLandmarksobject if neces-
sary and choose the option

Edit mode Add
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Figure 2.23 The image shows how the viewer toggles &uiht Setports should be set.

To set corresponding landmarks simply click with the leftuse button anywhere on the surface in
the first viewer first and click on the surface in the seconaveiesubsequently. The landmarks are
visualized as small spheres, the first landmark in yellow gnedcorresponding landmark in blue.
Make sure to always set the first landmark on the first (yellkwvjace and the second landmark on the
second (blue) surface!!

If you want to change the position of an existing landmark set
Edit mode Move
and select the respective landmark (blue or yellow) by atiglon it with the left mouse button. Then

just click at the desired position.
You can also delete existing landmarks by setting

Edit mode Remove

and clicking on the respective landmark. Both correspamtindmarks (blue and yellow) will be
removed, no matter which one was selected.

You should now be able to create several landmarks. You may twahange the view of the objects
to set landmarks on the back. In case you have problems dgfaridmarks, you may use an existing
set of landmarks by loading the filandmarkSet from the directorydata/tutorials . Once
landmarks have been created, the next step is to transfertwthobjects into each other.
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2.7.3 Registration via a Rigid Transformation

To register one object to the other, connedtamdmarkWarpmodule to theLandmarksobject by
clicking with the right mouse button on the@ndmarkscon in the Pool and selectingompute Land-
markWarp

We want to perform an alignment of the first lobe to the secdi@refore thé.andmarkWarpnodule
must be connected to the image data of the first lobe (useghemouse button in the white square of
the LandmarkWargcon).

The LandmarkWarpmodule is able to perform several transformations. We sidht a purely rigid
transformation to match the corresponding landmarks asasglossible by performing only rotations
and translations of the first object. To do that choose

Method Rigid
in theLandmarkWarpnodule and make sure thatrectionis set to
Direction: 1 — 2.

Then presé\pplyto start the computation. The module creates a new datatotgaedobus. Warped

To visualize the result, connect the isosurface that waisiiilyi connected to the data of the first lobe
to the result, select it and press thpply button. In order to compare the result with the second lobe,
adjust the viewer toggle of itsosurfacamodule to display it in the first viewer. You should see that
the result of the transformation fits the second object quét:

2.7.4 Warping Two Image Volumes

Using the rigid transformation the object will not be defetin To perform a deformation and obtain
a better fit we can use another transformation method of éimelmarkWarpmodule. Select the latter
and choose

Method Booksteirand press thBolt button.
To visualize the result, the isosurface has to be recompudading done that, you can see both the
deformed and the second lobe in the first viewer. To merelytseeesulting deformation in the first
viewer, switch off the viewer toggle of the second lods@surfacemodule. Only a little deformation

will be seen because the two original objects were rathdtainusing more different data sets results
in larger deformations.

2.8 Registration of 3D image datasets

In medical imaging a frequent task has become the registrafi images from a subject taken with
different imaging modalities, where the temmodalitieshere refers to imaging techniques such as
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Figure 2.24 Result of landmark-based elastic warping using the Badkshethod.

Computed Tomography (CT), Magnetic Resonance TomogradiRf§ and Positron Emission To-
mography (PET). The challenge in inter-modality registraties in the fact that e.g in CT images
"bright” regions are not necessarily bright regions in MRTaiges of the same subject.

In registration typically one of the datasets is taken agaference and the other one is transformed
until both datasets matctamira’s AffineRegistratiormodule provides an affine registration, i.e. it
determines an optimal transformation with respect to tedios, rotation, anisotrope scaling, and
shearing.

Closely related to registration is the taskinfage fusioni.e., the simultaneous visualization of two
registered image datasets.

This tutorial shows how a registration can be performed andtb visualize the results. The following
issues will be discussed:

1. Basic manual registration using tlieansform Editor
2. Automatic registration
3. Image fusion

2.8.1 Basic Manual Registration

In this tutorial we want to register a CT and an MRT dataset patient, showing the pelvic region.
The images are located in thenira data directory in the subdirectorggistration

e Load the files data/registration/CT-data.am and
data/registration/MRT-data.am into amira.

e Attach anOrthoSlicemodule to each of the datasets.
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e SelectCoronal(or x2) at theOrientationport of theOrthoSlicemodule connected to the MRT
data.

e Select a camera position for the 3D viewer where you can stethe axial slices of the CT
data and the coronal slices of the MRT data.

e Select slice 31 at th8lice Numbeport of theOrthoSlicemodule connected to the CT data.

Now one OrthoSlice module should show an axial slice thrahghip joints. Move the coronal slice
through the MRT data. You will observe that the two datasetsat correctly aligned.

e Selectthe greenicon of the MRT dataset. InvokeTitasform Editoby pressing the Transform
Editor button in the Properties Area. ThHeansform Editorenables you to specify an affine
transformation, including translation, rotation, andliscpa This transformation will be applied
to the corresponding 3D dataset. You can edit the transtiwmanteractively in the 3D viewer
using different Open Inventor draggers. You can also erdestormations numerically.

e Press th®ialog button. A dialog window will pop up.

e Enter-2 at the third text field of thélranslationport of the dialog window. This means a
translation of -2 cm in the z direction.

e Enter5 at the first text field at th®otationport. This means a rotation of 5 degrees. The axis
of rotation is defined at the next ports, here it is the z-axis.

e Press th&€losebutton of the dialog window. Leave the Transform Editor bggsing again the
Transform Editor button.

Inspect some coronal slices through the MRT dataset. Nore ilkea better alignment of the CT and
MRT data, but it’s still not perfect.

2.8.2 Automatic Registration

The Registratiormodule provides an automatic registration via optimizatiba quality function. For
registration of datasets from different imaging modadititheNormalized Mutual Informatiois the
best suited quality function. In short, it favors an aligminehich "maps similar gray value structures
to similar gray value structures”. A hierarchical stratégppplied, starting at a coarse resampling of
the datasets, and proceeding to finer resolutions later on.

e Attach anRegistratiormodule to the MRT dataset by choosi@gmpute/AffineRegistratidrom
the popup menu over tHdRT-data.anicon.

e Connectthe second input p&teferencef moduleRegistratiorto the CT dataset. For this click
with the right mouse button on the white square at the leftlsde of the module’s icon.

e Select toggle=xtended optiondMore ports of theRegistratiormodule will become visible.

The first three ports of thRegistrationmodule define the optimization strategy. The default sgstin
mean that afExtensiveDirectiomptimizer is used for the coarse levels anQ@asiNewtoroptimizer
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for the finest two levels of the resampling hierarchy. At @@arsestResamplingort you can select
the resampling rate for the coarsest resolution level. Téfaudt resampling rate is smaller in the z
direction because the reference dataset has a finer resointihe x and y direction (0.17 cm) than in
the z direction (0.5 cm). For the default settings (8,8/83,tesampling hierarchy will consist of four
levels: (8,8,3), (4,4,2), (2,2,1), and the original resolo, (1,1,1).

TheNormalized Mutual Informatiois calculated from gray value histograms. The selecteddpiam
ranges should enclose the essential information of eaasetatNormally you can choose the same
range as for visualization via @rthoSlicemodule.

e Set-200 and200 at the two text fields of thelistogram range referengeort.

At the Transformport you can specify the type of affine transformation. Thiadk settings mean that
only rigid body motions will be applied, i.e. translationsdarotations.

Optionlgnore finest resolutiomeans that optimization is done on all but the finest levehefresam-
pling hierarchy. This will slightly reduce the accuracyt bave a large amount of computing time.

Automatic registration may take some time depending ondkelution of the images and the quality
of the pre-alignment. You can interrupt automatic regtiireat any time using the stop button. Inter-
ruption may take some seconds. The progress bar shows ttemtchierarchy level and the progress
at that level.

e Start automatic registration by pressing Registebutton at theéActionport.

2.8.3 Image Fusion

The task of image fusion is the simultaneous visualizatfdwo datasets. To that eranira offers for
all types of slicing modules@rthosliceand ObliqueSlicé the Colorwashmodule. UsingColorwash
the images from one dataset can be overlayed over that di@rtaking into account their orientation
in space.

e Remove therthoSlicemodule connected to the MRT dataset.
e Select the green icon of the MRT dataset.

e Select aColorwashmodule from the popup menu over the icon of thehoSlicemodule con-
nected to the CT dataset.

e Select the yellow icon of th€olorwashmodule.

e Select thephysics.icotolormap at porColormap

e Set70 as the upper bound for the colormap range.

e Select the icon of th®rthoSlicemodule.

e Inspect axial slices with slice numbers between 15 and 45.
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You will observe a good alignment of the pelvic bone from badeitasets. The soft tissue contours are
not perfectly aligned because there was some soft tissoerafion between both scans. This cannot
be described by a rigid transformation.

In image fusion it is sometimes necessary to observe aletbrthogonal directions simultaneously.
For that theStandardVieumodule can be used for image fusion. T8tandardViewnodule opens a
separate window with four viewers, three of them showingttitee orthogonal slices of the image
data and a fourth being a new instance of the 3D viewer.

e Attach aStandardViewnodule to the CT dataset by choosiDgsplay StandardVievirom the
popup menu over theT-data.amcon. amira’s Viewerwindow will now be split into four parts
showing three orthogonal slices through the CT data, an8En¥iewer in the upper left part.

e Connectthe second input p@verlayDataof the StandardViewnodule to the MRT dataset. For
this, click with the right mouse button on the white squarthatleft hand side of the module’s
icon.

e Select slice numbers 179, 149, and 31 at p8iise x Slice y andSlice z respectively. The
three orthogonal slices will show the hip joints now.

e Increase the zoom-factor by clicking twice on butterat theZoomport.
e Selectcheckerboarat theOverlay modeport.

e Vary the size of the checkerboard tiles by moving the slidéh@Pattern sizeport. In this way
you can again check the alignment of the CT and MRT datasets.

The bone contours around the hip joints show a good matche that bone is represented by white
(i.e high intensity) voxels in the CT data, but may occur athlvehite and black voxels in the MRT
data. In the axial slice you can observe larger deviatiotis@buter body contour between the CT and
MRT data.

2.9 Alignment of 2D Physical Cross-subsections

Many microscopic techniques require the sample to be palgicut into slices. Then images are

taken from each cross-subsection separately. Usuallynihgés will be misaligned relative to each

other. Before a 3-dimensional model of the sample can benstaacted the images have to be aligned
taking into account translation and rotation. This tuticsleows how this task can be performed using
the AlignSlicesmodule.

The following issues will be discussed:

1. Basic manual alignment

2. Alignment via landmarks

3. Optimizing the quality function
4. Resampling the input data
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Figure 2.25 User-interface of the align tool.

5. Other alignment options

2.9.1 Basic Manual Alignment

In this tutorial we want to align 10 microscopic cross-suiems of a leaf showing a stomatal pore.
The images are located in the data directory in the subdingatign. Each slice is stored as a separate
JPEG image. The fileeaf.infodefines a 3D image stack consisting of the 10 individual slideis a
simple ASCII file as described in treacked slicefile format subsection.

e Load the filedata/align/leaf.info

e Create an align module by choosi@gmpute AlignSlicesom the popup menu over theaf.info
icon.

e Press thédit button ofAlignSlices

A new graphics window is popped up allowing you to interaglivalign the slices of the 3D image
stack. To facilitate this task, usually two consecutiveesdiare displayed simultaneously. One of the
two slices iseditable i.e., it can be translated and rotated using the mouse. Byli¢he upper slice

is editable. This is indicated in the tool bar of the align éamv (the “upper slice” button is selected).

e If necessary, press the zoom out button (“-” magnifying gjjde allow the entire slice to be
visible in viewer.

e Translate the upper slice by moving the mouse with the lefisedutton pressed down.

e Rotate the upper slice by moving the mouse with the left mbus®n and the Ctrl key pressed
down. Alternatively, slices can be rotated using the midaise button.

e Make the lower slice editable by selecting the “lower slita3l button. Translate and rotate the
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lower slice.
e Hold down key number 1. While this key is hold down only the émslice is displayed.
e Hold down key number 2. While this key is hold down only the epglice is displayed.

e Pressing key number 1 and 2 also changes the editable slimie dw the slice tool buttons
change their state.

Other pairs of slices can be selected using the slider in pipeuleft part of the align window. Note
that the number displayed in the text field at the right sidéhefslider always refers to the editable
slice. The next or the previous pair of slices can also bectaleusing the space bar or using the
backspace key, respectively. The cursors keys are usedrsidte the current slice by one pixel in
each direction.

e Browse through all slices using the space bar and the backdey. Translate and rotate some
slices in an arbitrary way.

e Translate all slices at once by moving the mouse with thenteftise button and the Shift key
pressed down.

¢ Rotate all slices at once by moving the mouse with the left sedautton and the Shift and Ctrl
key pressed down.

Transforming all slices at once can be useful in order to nibgeegion of interest into the center of
the image.

2.9.2 Alignment Via Landmarks

Besides manual alignment, four automatic alignment ogteme supported, namely alignment using
a principal axes transformation, automatic optimizatiéra @uality function, edge detection-based
alignment and alignment via user-defined landmarks. Thejpal axes method and the edge detection
method are only suitable for images showing an object whiearly separates from the background.
The optimization method requires that the images be alreadghly aligned. Often such a pre-
alignment can be achieved using the landmarks method.

Alignment via landmarks first requires you to interactivegfine the positions of the landmarks. This
can be done ilandmark editmode.

e Activatelandmark edimode by pressing the arrow-shape tool button located bettieehand-
shape button and the edge detection button.

In landmark editmode only one slice is displayed instead of two. Two defaultdmarks are defined
in every slice.

e Click on one of the default landmarks. The landmark getscséeteand is drawn with a red
border.
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Figure 2.26 The figure shows how the landmarks should be set in the &litori

e Click somewhere into the image in order to reposition thecteld landmark.

e Click somewhere into the image while no landmark is selectdds causes the next landmark
to be selected automatically.

e Click at the same position again in order to reposition thd lmdmark.

The double-click method makes it very easy to define landrpasitions. Of course, additional land-
marks can be defined as well. Landmarks can also be deletetthgominimum number of landmarks
is two.

ChooseAddfrom theLandmarksnenu.

Click anywhere into the image in order to define the positibthe new landmark.

Select the yellow landmark by clicking on it.

ChooseRemovdrom theLandmarkamenu in order to delete the selected landmark again.

Two landmarks should be visible now, a red one, and a blueNext, let us move these landmarks to
some reasonable positions so that we can perform an alignmen

e Select slice number 0.
e Place the landmarks as shown in Fig@r2é Make use of the double-click method.
e In all other slices place the landmarks at the same positions

Once all landmarks have been set, we can align the slicesptigsible to align only the current pair

of slices, or to align all slices at once. Note that all aliggmmhactions as well as landmark movements
can be undone by pressing Ctrl-Z.
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e Switch back taransformmode by pressing the hand-shape tool button. Two slicesldlau
displayed again.

e Align the current pair of slices by pressing the second tadidn from the right (the one with
only two lines).

e Align all slices by pressing the first tool button from thehidthe one with many lines).

e Move and rotate the whole object into the center of the imageguthe mouse with the Shift
key hold down.

In most slices the alignment now should be quite good. Howdweking at the pairs 3-4 and 4-5
(displayed in the lower left corner of the align window) ybuiotice that there is something wrong.
In fact, slice number 4 has been accidently inverted wheingeke microscopic images. Fortunately,
we can compensate for this error as follows:

e Select slice pair 3-4 and make sure that the upper slicesli@e number 4, is editable.
Invert the upper slice by pressing the invert button (thiné érom the right).

Realign the current pair of slices by pressing the secontdbditom the right).

Select slice pair 4-5 and realign this pair of slices as well.

Alternatively, you could have aligned all slices from schaby pressing the first button from the right.

2.9.3 Optimizing the Quality Function

Once all slices are roughly aligned, we can further imprineedlignment using the automatic opti-
mization method. At the bottom of the align window the quadif the current alignment is displayed.
This is a number between 0 and 100, where 100 indicates acpentgch. The quality function is

computed from the squared gray value differences of the tivess The optimization method tries
to maximize the quality function. Since only local maxima &und, it is required that the slices be
reasonably well aligned in advance.

e Click on the slice in the viewer. The quality of the alignméendisplayed in the status bar at the
bottom of the window. Remember the current quality measure.

e Activate the optimization mode by pressing the tool buttatinwhe sum x squared symbol.

e Align the current pair of slices by pressing the second Iouitom the right. Observe how the
quality is improved.

Automatic alignment is an iterative process. It may takéeqailong time depending on the resolution
of the images and of the quality of the pre-alignment. You icé@rrupt automatic alignment at any
time using theStopbutton.

e Automatically align all slices by pressing the first buttoorh the right.
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2.9.4 Resampling the Input Data

If you are satisfied with the alignment, you can resample tipeiti data set in order to create a new
aligned 3D image. This is done using tResampldutton of theAlignSlicesmodule.

e Press th&Resampldutton of theAlignSlicesmodule.

e Attach anOrthoSlicemodule to the resulting objedtaf.alignand verify that the slices are
aligned.

Sometimes you may want to improve an alignment later on. ilxdhse it is a bad idea to align the
resampled data set a second time, since this would requéeoad resampling operation. Instead, you
could write the transformation data into the original imadpgect and store this object famiraMesh
format. After reloading thémiraMeshfile you can attach a newlignSlicesmodule and continue
with the stored transformations.

e ChooseSave transformatiofrom the Optionsmenu of the align tool. This will store the trans-
formation data in the parameter subsection of the inputobigaf.infa

Delete theAlignSliceamodule.
Saveleaf.infoin AmiraMeshformat.
e Reload the saved objeletaf.am

Attach a newAlignSlicesmodule toleaf.amand click theEdit button. Note that the original
alignment is restored.

2.9.5 Using a Reference Image

In some cases you might want to correct the alignment aftag@segmentation has been performed.
In order to avoid segmenting the newly resampled image frenatsh, you can apply the same trans-
formations to a label field using a reference image.

e Delete any existing align tool.
e Load the filedata/align/leaf-unaligned.labels
e Attach a newAlignSliceamodule to the label field.

In the label field the guard cells of the stomatal pore are s@riSegmentation has been performed
before the images were aligned. Now we want to apply the seansformation defined for the image
data to the labels.

e Connect thdReferenceort of AlignSlicego leaf.am(this is done by activating the popup menu
over the small white square at the left side oflgwf.amicon). Observe how the transformations
are applied to the label field.

e Export an aligned label field by pressing tResampldutton.
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Figure 2.27 Open Inventor geometry of the airfoil.

The image volume used in this tutorial is an RGBA color fieldowdver, the image segmentation
editor only supports gray level images. Therefore you masvert the color field into a scalar field
usingCastFieldbefore you can invoke the image segmentation editor forekampled labels.

2.10 Visualization of Vector Fields Mesh Pack)

This step-by-step-tutorial briefly explains sokesh Pack modules for vector field visualization.
The use of these modules is explained by way of data repiegehe flow around an airfoil. The two
methods referred to in steps 2 and 3 are independent of elaeh dhese topics will be covered:

1. Loading the Wing and the Flow Field
2. Line Integral Convolution
3. llluminated Stream Lines

2.10.1 Loading the Wing and the Flow Field

As in the previous tutorials, we will use the file dialog to ionpdata.

e Import the geometry of the wing by loading the filwing.iv  from the directory
data/tutorials

e Attach anlvDisplaymodule to this data object.

e Load the vector field data set calladhg.am from the directorydata/tutorials

The extensioniv indicates that the wing geometry is defined in the Open lrorefiie format. The
IvDisplaymodule can be used for displaying geometry in this format \éctor field itself is stored
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in amira’s nativeAmiraMeshfile format. The data represents the flow around an airfoil mated on
a regular grid with curvilinear coordinates. By selectihg green data icowing.am you can find out
that the number of grid nodes in x,y,z-direction is 125 x 411x 2

2.10.2 Line Integral Convolution

Line Integral Convolution (LIC) is a method for visualizi@fp vector fields, i.e., depicting the vector
field direction for a suitably sampled subset of points in2Bedomain. The direction is represented
by local streamlines, i.e. by curves whose tangent vectireitle with those of the given vector field.
Local streamlines are computed such that all image pixels@avered. The streamlines are projected
onto a random noise input texture map of the same size as therfield domain. The projection step
involves summations of texture pixel intensities alongatnline paths by way of a convolution integral
with a filter kernel. This causes pixel intensities in theufisg image to be highly correlated along
individual streamlines but statistically independentpgerdicular to the latter. Thus the directional
structure of the vector field becomes clearly visible.

Here we use the 3D vector field that we have already loadediandlize two-dimensional slices:

Connect &lanarLIC module to the vector fieldiing.amand select it.
e Choose the slice number 22 in theanslateport.

Set filter length to 40 and resolution to 200.

Press thé\pplybutton.

Whenever the projection plane of tRdanarLIC module is changed or other values for filter length
or resolution are taken, the LIC texture must be recalcdlate., theApply button must be pressed
again. Otherwise, a checkerboard pattern will be displayegeriment with different filter lengths
and resolution values to see what kinds of textures can lupeal.

To get an impression of the magnitude of the vectors, you palya colormap to the image. Some
default colormaps are already loaded wiaenira starts up. The corresponding icons usually will be
hidden. In order to use one of the colormaps, you have totsekmlicitly:

e From the main window's?00l / Show Objecinenu selectemperature.icobr any other col-
ormap: the corresponding icon becomes visible.

e SelectMagnitudefrom portColorize of the PlanarLIC module. A new port labele@olormap
appears in the Properties Area.

e Connectthe colormap port temperature.icoby clicking with the right mouse button in the red
rectangle and choosirtgmperature.icofrom the appearing popup menu.

The two integer values of the colormap port specify the rasigealues to which the colormap is
applied. Vector magnitudes within this range are depicyedmlically by coloring streamline pixels
such that each pixel gets the unique color associated watmtiignitude value by thtemperature.icol
colormap.
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Figure 2.28 Air flow around the wing visualized using Line Integral Cohwtion

e Select theving.amicon and read off the magnitude range.
e Shift-select thélanarLICicon and enter the magnitude range into @@ormapport.

2.10.3 [llluminated Stream Lines

llluminated Stream Lines a technique for interactive 3D vector field visualizatiwhich makes use
of large numbers of properly illuminated stream lines. Alistia shading model is employed which
significantly increases realism of the resulting imagesenithnces spatial perception.

Now you will learn which tools are used for illuminated strebne visualization and how to use them
to get a 3D impression of our airflow vector field.

o Remove thélanarLIC module or disable its display.

Connect displaylSLmodule to the vector fielding.am

SetNum Linego 300.

Press thé\pplybutton.

e Click on theTabBoxbutton of portBoxand zoom out the viewer if you cannot see a box.

A TabBoxappears in the viewer. Only stream lines flowing through Itz are visible. The green
tabs at the corners and edges of the box allow you to changgrttemsions of the box.

e Switch the viewer into interaction mode.

e Try out what happens if you click with the left mouse buttonare of the green tabs on the
corners or edges of tHbBoxand drag them around.

e To move the whol&abBox click with the left mouse button in the box and move it.

Visualization of Vector Fielddesh Pack) 55



Figure 2.29 llluminated streamlines around a wing

e Try to get theTabBoxinto a shape and position as shown in the image.
e PressApplybutton again in order to recalculate the stream lines.

Now some information about Console Window commands. Mosta modules provide more control
features than those that are available by the ports displeythe Properties Area. All of them are
available by commands that you type in the console window. ¢ém get a list of commands associated
with a particular module currently in use just by enterirggriame. Now we will use such commands
to form and position the TabBox exactly as in the image above.

e Type “DisplaylSL’ into the Console Window.
e Type “DisplaylSL getBox” into the Console Window.

The first command lists all commands of tBésplaylSLmodule and the second shows the scale
and translation of the current TabBox. The first word of a c@anchmust always be the name of a
module as shown on its icon. Note that module commands areenogjnized unless corresponding
modules have been loaded into the Pool. However, you do ok teeselect a module for typing in its
commands.

e Type “DisplaylSL setBoxTranslation -0.31 0.00 0.17”
e Type “DisplaylISL setBoxScale 0.11 0.04 0.14”

Now the sub-field that corresponds to the clipping of the mefield as implied by the settings of the
TabBoxshould look like the one shown in the image above.
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2.11 Creating animated demonstrations

In this tutorial you will learn how to use thBemoMakemodule for creating an animated sequence
of operations withiramira. In our example, we will visualize a polygon model using effesuch as
transparency, camera rotation, and clipping to make thealimation more meaningful and attractive.

The tutorial covers the following topics:

e creating an initial network for the demo

e animating arOrthoSlicemodule

e activating additional modules during the demo

e using a camera rotation or path

e editing or removing events that are already defined

e overlaying a bone model with a transparent skin model

e using clipping to make the skin appear gradually over thesbon
e advanced clipping issues

e inserting breaks and defining demo segments

e using function keys for jumping between demo segments
e defining partial loops within the demo sequence

e storing and replaying a demo sequence

Once you have learned how to define an animated demo seqyenasan further learn how to record
the demonstration into a movie file in Sectidri2

2.11.1 Creating a Network

First, we need ammira network that contains all the data and modules for the viza@dn and
animation we want to do. In our example, we pick the medicals€dn dataseeg005 . Start by
loadingdata/medical/reg005.ctdata.am from the amira root directory. By right-clicking
on the green data icon and selecting from the dataset’s poeuap, attach 8oundingBoxmodule as
well as aOrthoSlicemodule to the data. If you use the mouse to navigate arounudigel in the 3D
viewer, you should manage to get a result similar to this:
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(load network)

2.11.2 Animating an OrthoSlice module

Let us move theédrthoSliceplane up and down to show what the data looks like. Note theaOth
thoSlicemodule has a port calleSllice Number If you change the value of that slider, you see the
plane move in the viewer.

Now let us animate this slider using tBeemoMakemodule as our first exercise. From the menu bar,
selectCreate/Animation/Demo/DemoMakét blue script objecippears in the Pool:

R X1

l Animate “ CameraF ath “ CameraHotate“ DizplayTime ]

= OO BnundinﬁBoH 1

Click on the blue icon to see its user interface. Wheneverwant to animate some port of the
current network, you must select that port in the selecigirchlledGUI element Try to find the entry
calledOrthoSlice/Slice Numbgwhich corresponds to tHglice Numbeport of the curren©rthoSlice
module. If you cannot find the entry, you may need to presspédatebutton to the left of the
selection menu (see below for an explanation).
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(Demobaker )
3 Time: ]I —— ]| I

8 Event List: {new Bvent: W
8 Ewent List: Add | | Replace | | Remove

8 Functions: active [ ] options [ ] time edit

8 Ewvent:

8 GUI element: Update | | <select> -

OrthaSlicednvert clipping orientation ~
OrthoSlice/Mapping Type
OrthoSlice/Options/adjust view
OrthoSlice/0ptionz/bilinear view
OrthoSlice/0ptionz/lighting
OrthoSliceOrigntation

| Ditha5lice/Slice Number
OrthoSlice/Transparency

autretiest DrthaSliceMfiewer maskMiewer 0 :]
1eq005.ctdata am/Clip uzing OrthaSlice

Once you have selectédrthoSlice/Slice Numbeyou see two more ports appear in hemoMaker
module:Start/end valuas well asStart/end timeThe start and end value specify between which two
values the OrthoSlice slider will be moved. Click the mous® ithe start or end value fields, hold
down theShift  key, and drag the mouse wighift held down. With this feature called tiv@tual
slider you can quickly set the desired value within the allowed earfget the start value to 0 and the
end value to 30. Then, set the start time to 0 and the end tifitdr hese time values specify times
on theTimeslider of theDemoMakemodule (first port in the module). You have now specified an
eventstarting at time 0 and ending at time 0.2, varying the OrtleeSilice number between 0 and 30
during that time.

Now press théddd button in theEvent Listport to add the newly defined event to the list of events.
This list of events is represented in the selection menuabwAddbutton.
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2 Time: ]I —— ]| I

8 Event List: 0. 0.2 OrthoSlice/Slice Number = 0. 30

8 Event List:

8 Functions: active [ ] options [ ] time edit

8 Event:

8 GUI element: OrthoShice/Shice Murnber v
8 Start/end value: |0 30

@, Start/end time: 0 0.2

Test the result by pressing the play button of DemoMakem®tslider, represented by the triangle
pointing to the right. When you press it, the time slider wgithrt moving from the left to the right.
When the time value is between 0 and 0.2, you should see ta&irthoSlice plane is moving between
the specified start and end values in the viewer (load nefw¥du can also play your demo backwards
using the play button to the left of the time slider, or simgligk somewhere on the time slider to jump
to any point in time of the demonstration.

If the demo sequence runs too slow or too fast, you can adjissby right-clicking anywhere on the
time slider and selectinGonfigurefrom the popup menu. Change therementvalue in the dialog
box that appears. A smaller increment will make the aninmasiower, whereas a larger increment
makes it faster. If you choose an increment value too latgeahimation might become “jerky”.

2.11.3 Activating a module in the viewer window

Next, let us add a visualization of the bone structure in titaskt after we have moved the OrthoSlice.
Load the datasedata/medical/reg005.surf in addition to the current network. Attach a
SurfaceViewmodule to it. Click on the yellovBurfaceViewnodule to see its user interface. Press the
Clearbutton in theBufferport, then seledoneandAll in the Materialsport and press th&ddbutton

in the buffer port. This will visualize the bone surface of tinodel.
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If you want to switch the bone visualization on and off mahyaiou would use theiewer togglgor-
ange rectangle) of thBurfaceViewnodule. If you want to include this action in your demo seqgen
you need to do the following:

Click on theDemoMakemodule.

Click on theUpdatebutton in theGUI elementport. This is necessary whenever you add new
modules to the Pool after you have createdDeenoMakemodule.

SelectSurfaceView/Viewer Mask/Vieweftom theGUI elementist.

Enteronin theToggle to valugort.

Enter0.2in the Trigger timeport.

Press théddbutton in theEvent Listport to add this newly defined event to the event list.

8 GUI element: [Update] | Surfacetiewiewer mask. Vigwer 0
8 Toggle to value: (&) on () off

8 Trigger time:

To test the newly added event, first toggle BwerfaceViewnodule off using its orange viewer toggle
icon. Now click to the very left of thBemoMaketime slider to jump to the start of the demo sequence.
Click the play button. As before, the slice moves up. Wheraiches the maximum value at time 0.2,
the bone model is switched on (load network).
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2.11.4 Using a camera rotation

To look at the 3D patient model from all sides, let us add a cametation to our demo sequence.
SelectCreate/CameraRotafieom the menu. Try the rotation by playing the time slidertie Camer-
aRotatemodule. If you do not like the axis of rotation, reset the tisfider to 0, navigate to a good
starting view in the viewer window, and click @acomputén the CameraRotatenodule. Note that
the values of th€ameraRotatéme slider range from O to 360.

Once you are satisfied with the camera rotation, add it to\thatdist:

e Click on theDemoMakemodule.

e Click on theUpdatebutton.

e SelectCameraRotate / Timgom theGUI elementist.
e Enter 0 and 360 as the start and end value.

e Enter 0.2 and 0.4 as the start and end time.

e Click on theAddbutton in theEvent Listport.

8 GUI element: [Updatel |I:ameraF|ntate.f'Time

8 Startfend value: ICI
8 Startfend time:

Now play the demo to see the result. After moving the slicesamitthing on the bone model, the view
is rotated so that the bone can be seen from all sides (loasriet

2.11.5 Editing or removing an already defined event

When you look at the demo sequence so far, you may think thaiutd be nice to wait for a short
time before rotating the bone model. This can be done byirsttie rotation at a later time step. We
can easily correct this in tHeemoMakemodule:

e Selectthé.2 ... 0.4: CameraRotatvent in theEventListport.

e You see the start/end value and start/end time of this eymga in the lower part of thBe-
moMakemodule.

e Change the start/end time to 0.3 and 0.5.

e Click on theReplacebutton in theEvent Listport. This replaces the currently selected event in
the list by the event as defined in the lower part of the module.

Now you have moved the camera rotation event from 0.2-0.43e0( on the time line. Check the
results by playing the time slider (load network).

Please note that you can delete an event from the list by gisgdcting it from theevent Listmenu
and clicking theRemovéutton.
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2.11.6 Overlaying the bone with skin

Now we want to show the patient’s outer surface overlayed thesbone model.

Attach a secondburfaceViewmodule to thereg005.surfdataset. Sinc&xterior and All are
selected as the default materials, this brings up the ga&tiexterior surface.

Click on the secon&urfaceViewnodule. It should be calleQurfaceView?2
Selecttransparenfrom theDraw Styleport.

It will be helpful to show the bone underneath the exteriafaste, so jump to time step 0.2 or
later in the DemoMaker module.

Adjust the grade of transparency using BeseTranslider in SurfaceView?2

Smooth out the outer surface by clicking orore optionsn the Draw Styleport and selecting
Vertex normals

Like we did with the bone model, we can switch on the skin matisbme pointin the demo sequence:

Click on theDemoMakemodule.

Click on theUpdatebutton in theGUI elemenport.
SelectSurfaceView2/Viewer Mask/Viewefrom theGUI elementist.
Checkonin the Toggle to valugort.

Enter0.6in the Trigger timeport.

Click onAddin the Event Listport.
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Again, check out the results by playing the demo sequence.
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2.11.7 Using clipping to add the skin gradually

Instead of just switching the skin on at one point, we can nitadgepear gradually over the bone from
bottom to top. In order to do so, we use tBethoSliceplane toclip the skin model, and then move the
OrthoSliceplane up.

First, we need to move th@rthoSliceplane down again to where we want to start the clipping:

e Click on theDemoMakemodule.

e SelectOrthoSlice/Slice Numbdrom theGUI elementist.
e Enter 30 and 3 as the start/end values.

e Enter 0.3 and 0.5 as the start/end time.

e Click on Addin the Event Listport.

Now, when you play the demo, tl@rthoSliceplane will move down again during the camera rotation
(load network).

Now, we will clip the skin model using the OrthoSlice plane:

e Click on theDemoMakemodule.

e SelectSurfaceView2 / Clip using OrthoSli¢éem theGUI elementist.
e Enteronas toggle value an@d.6as trigger time.

e Click onAddin the Event Listport.

8 GUI element: [Updatel | Surfaceyiewz /Clip uzing OrthoSlice
8 Toggle to value: (&) on () off

8 Trigger time:

When you run the animation now, you will not see the skin ssefd his is because it is clipped above
theOrthoSliceplane, and only visible below that plane. To see the panidbse below the plane, we
must make th@®©rthoslicedisplay transparent:

e Click on theDemoMakemodule.

SelectOrthoSlice / Transparendyom theGUI elementist.
SelectNoneandAlphaas the from/to values.

Enter0.6as the trigger time.

e Click on Addin the Event Listport.

This way we have specified that at time 0.6, Transparencyort of theOrthoSlicemodule will be
changed from valubBloneto the new valuélpha When running the demo sequence, the result should
look like this:
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As you see, part of the skin model is showing below the trarsp®rthoSliceplane. To show all of
the skin, we simply move the plane upwards pretty much theesaay we did before:

Click on theDemoMakemodule.

SelectOrthoSlice / Slice Numbdrom theGUI elementist.
Enter3 and58as the start/end value.
Enter0.6and0.9as the start/end time.

Click onAddin the Event Listport.

& GUI element: [Updatel |Dlth05|icea’5|ice Mumber

& Startfend value:
& Startfend time:

Now you see the skin slowly appearing over the bone as thpicfjplane moves upwards.

As a last step, you might want to rotate the view again whiéegkin is appearing. You can simply
reuse the old camera rotation during a second time range:

e Click on theDemoMakemodule.
e Select0.3 ... 0.5: CameraRotafeom theEvent Listmenu.
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e You will see start/end value and start/end time appear itotler part.
e Change the start/end time to 0.6 and 0.9.

e Click on Addin the Event Listport. This will leave the old event untouched and add a second
camera rotation event to the list.

8 GUI element: CarneraFotates Time

8 Start/end value: a 360

5, Start/end time: 06 0.9

You can check out the final animation by loading a saved nétwonipt.

2.11.8 More comments on clipping

Clipping can sometimes be a little bit more complicated timaour example, because clipping can be
applied to a plane in two different orientations. This metinad you can either clip away everything
abovethe plane, obelowthe plane. Unfortunately it is not always obvious which @& tivo cases you
arein.

However, you can simply invert the orientation of the clipgpin DemoMaker In our example, you
would simply selecOrthoSlice / Invert clipping orientatiofrom the GUI elementport and add that
event at the very beginning of your demo sequence (e.g.na sime before the clipping takes effect).

8 GUI element: dpdate | | CameraRotate/Time w
L3 ) [o3=To ) T = T V-
8 Start/end value: a OrthaSlize/Calarmapd it

OrthoSliceCantrazt Limit!
OrthoSlice/D ata Window max
OrthoSlicesD ata Windowmin
il OrthoSlice/Frame

- OrthoSlicedlnvert clipping arientation
OrthoSlice/Mapping Type
OrthoSlice/Options/adjust view

8 Start/end time: 0.E

You do not need to use @rthoSlicemodule to do clipping. As you have seen, tbehoSlicemight
occlude parts of what you want to show. In that case, it isebétt create an emptglippingPlane
module by selectin@reate/Clipping Plandrom the menu. Attach the module to the dataset you want
to clip (e.g., toreg005.surfin our example), and then use tBdéippingPlanefor clipping just as you
used theOrthoSlicebefore.

2.11.9 Breaks and Function Keys

The demo sequence that we have created in this tutorial atitwatly runs through the complete time
range that we defined. Sometimes it might be desirable tbteplsequence into several segments, so
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that the demo will stop at some point and can be continued aiezrihe user desires to do so.

To take this into account, you can insereaksin the DemoMakerevent list. Let us insert one such
break right after the bone model appears:

e Click on theDemoMakemodule.

e Select*Break, continue on keystrokeom theGUI elementist.
Enter 0.21 as the trigger time.

Click onAddin the Event Listport.

8 GUI element: [Update] <zelecty w
<zelect: ”~
“TCL command

"Break, continue on keystroke

“Pauze, waiting time

“Go-To, jump to user-specified time step

“Load netwark

BoundingBox/Clip uzing OrthaSlice
BoundingB ou/T st show

BoundingB oxiewer maskAiewer 0
CarneraRotatesdction “

autaTefrest

This way the demo will stop at time 0.21, which is right aftes time when the bone model is switched
on (0.2). When you play the demo from the start, you will neticat after the bone is switched on,
the demo will stop.

Let usinsert a second break at time step 0.51, which is rigfiatrb the skin is starting to show. Proceed
as above, using a trigger time of 0.51 instead of 0.21 (loador).

If you run the demo from the very beginning, it will stop aftee bone is displayed, and you can read
a message in the console window telling you thamoMakejjust stopped and you may pres4 to
continue. Try this by pressing the function keg. The demo continues.

Likewise, the demo will stop just before showing the skin. aikg you can continue the demo by
pressingF4. In general, at any point while the demo is running, you caspithe~3 key to stop it
manually. Pressing4 will continue from the point where the demo stopped.

If you have defined breaks as we did above, there are two mesting function keys that in some
sense allow you tmavigatethrough the demo segments: pressi@will jump back to the previous
break or to the very beginning of the demo, &iD will jump to the next break, or to the very end of
the demo. If you us€9/F10 when the demo is stopped, it will just jump, and you need tegird

to start playing it from the new time step. If you pré&/F10 while the demo is running, it will just
jump to the new time step and continue running.

Please note that you can disable the breaks by checkirgkih&reakoggle in theOptionsport of the
DemoMakemodule. You may even disable the definition of function keysbhecking theoptions
toggle in theFunctionsport, and then uncheckirfgnction keysn the secondptionsport. This is

Creating animated demonstrations 67



especially important if you want to use multifbemoMakemodules, since only one of the modules
can define the keys.

8 Options: [] skipbreak [] skip pause skip load
8 Options: [] auta stat  [] function keys
8 Options: explicit redraw [ ] debug [] wait screen

2.11.10 Loops and go-to

One more feature that might be required for certain kindseoshas is the definition of loops. If you
just want the whole demo to run in a loop, you can do this easilyg the built-in features of thiéme
slider. right-click on the slider and seletdop or swing Now if you play the time slider, it will start
over from the beginning (loop mode), or play forwards, baafdg, forwards... (swing mode).

However, you may want to define some part of the demo to run @op, land then stop the loop and
continue with the demo upon key press. You can easily do thisthe go-tofeature ofDemoMaker

e Click on theDemoMakemodule.

Select*Go-to, jump to user-specified time steEpm theGUI elementist.
e Enter 0.19 as th&rigger time

Enter 0.0 as th&ime to jump to

Click on Addin theEvent Listport.

8 GUI element: Update | | *Go-To, jump to uzer-specified time step

8 Trigger time: IR k]

8 Time to jump to: q

When you run the demo sequence now, it will loop in the firstrsegt, only showing th©rthoSlice
move up, jump down, move up again. .. You can stop this by iclgchn the stop button of thBemo-
Makertime slider or by pressing3. To continue after the loop, you need to jump to the next segme
by pressindg-10, and then start playing again by pressigy

2.11.11 Storing and replaying the animation sequence

As you may have noticed by now, storing a demo sequence ondeaye defined it is quite easy: sim-
ply save the wholamira network by selectingile / Save Network. from the menu. Th®emoMaker
module will be saved along with the network, and so will thendesequence you have defined.
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When you load the network back in&mira, the state of the network will be the same as it was when
you saved it. This means that you should be careful to resddéimoMakertime slider to 0 before
saving the network, if you want the demo to start from the beigig.

After loading the network, you can start the demo by clickimgthe play button of th®emoMaker
module, or by pressing4. If you want to run the demo automatically right after thewmk is loaded,
you can use thauto startfeature that you find when you cheoktionsin the Functionsport:

8 Options: [] skip break  [] skip pause skip load
8 Options: auto start function keys
8 Options: explicit redraw [ | debug  [] wait screen

Just check thauto starttoggle and save the network. When you load it again, the deithctart
running automatically (load network).

2.12 Creating movie files

In this tutorial you will learn how to record a self-creatadraated sequence into a movie file using
the MovieMakermodule.

In our first example we will just use a camera path to animaedtene, whereas in our second example
we will rely on the demo sequence created in Secidrl

2.12.1 Attaching MovieMaker to a camera path

If you have created a visualization of your data and want ¢éater a movie showing this visualization
from all sides or from certain interesting viewpoints, yancreate an appropriate camera path and
record a movie by following the camera along that path.

Let us create a simple example. Load thleus.am dataset from théutorial subdirectory and
attach ansosurfacemodule to it. Choose an isosurface threshold of 70 and phes&pply button.
The result should look similar to this:
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The easiest way to create a simple camera path is to us€dheeraRotatenodule. SelecCre-
ate/CameraRotatérom the menu, and press the play button of the newly createduie. You can
watch the scene rotate in the viewer while the time slidetagipg (load network).

To record an animated scene into a movie file, you need tohaétBtovieMakermodule to a module
that posessestane slider port The movie is recorded by going through the individual tirteps and
taking snapshots of the viewer along the way.

In our example, th€ameraRotatenodule has a time slider, so we can attadfl@avieMakermodule
to it by right-clicking on theCameraRotatéon in the Pool and selectingovieMakerfrom the popup
menu:

W: & (10 lz0zurface Ei

DisplayTime

MowieMaker

In theMovieMakemodule, first click on th&rowsebutton in theFilenameport and enter a movie file
name likec:/tmp/test.mpg . The.mpg suffix suggests that the movie file format will be MPEG,
which is a widely accepted standard format for digital meaehieving a good compression ratio.

Next, adjust the parameters of tMovieMakermodule to your liking, e.g., change tmaimber of
frames theimage sizeor thecompression qualityPlease refer to thilovieMaker documentatickor
details.

In our example, let us choose 180 frames and leave all otmanyers untouched. Since tGamer-
aRotatemodule does a full rotation of 360 degrees, each of the 180dsawill represent a rotation of
two degrees with respect to the previous frame. PresSibate Moviebutton to start recording.
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(Movetaker )
Frames: 180 [7.5 zeconds)

8 Filename: o/t [ est. mpg

8 Frames: E]IF [E] 180

8 Frame rate: 24 v

8 Compression quality: |I 0a

8 Type: MohoECopic -

&, Format: & RGE ) RGBA

8 Tiles: %1 v [1

8 Size: (%) Current () WHS/PAL () WHS/NTSC (O Input 2y
8 Action:

Wait for some time while thovieMakemodule drives th€ameraRotatenodule and accumulates
the snapshotsPlease note that the speed during the recording procesdfexeint than the playback
speed of the movi&low view the resulting movie fileest.mpg  with a movie player of your choice
(e.g., Windows Media Player or a similar tool). Experimeiitvthe recording parameters until you
get the desired result (e.g., control the file size and imagdity] by changing th€ompression quality
value, choose differentimage sizes to see up to which imiage/sur computer is capable of smoothly
displaying the movie, and change the number of frames taalthe speed of the rotation).

2.12.2 Attaching MovieMaker to DemoMaker

Now we try to record a movie of a more complex animated scerethi§ end, we load one of the
networks that we have created in in Sectbhl load network.

As you might remember, the basic idea of hemoMakemodule was that you define a set of events
to be executed on a certain time line. Check this out by alighhe play button of the time slider in
the DemoMakemodule. You should see a nicely animated demonstration.

If you remember the previous section in this tutorial, yolghtialready have an idea of how we
can record this animated demonstration into a movie filee ltiieCameraRotatenodule in the first
example, theDemoMakemmodule is controlled via ame sliderthat we can attach to. So simply
right-click on theDemoMakeiicon in the Pool and attachMovieMakemodule. Like before, enter a
movie file name and select the number of frames before yok clicheCreate Moviebutton to start
recording.
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2.13 Using Matlab Scripts

In this tutorial you will learn how to integrate complex callgs intoamira using Matlab (The Math-
Works, Inc) by the means of th@alculusMatlabmodule.

In order to use the CalculusMatlab module, Matlab 7 must ieectly installed on your computer.

The CalculusMatlab module establishes a connection to thgall computational engine that was
registered during installation. If you did not register idgrinstallation, on the Windows command
line you can enter the command:

e matlab /regserver

The limitations of the CalculusMatlab module are listedtsdiocumentation
This tutorial covers the following topics:

1. Loading and executing a Matlab script.
2. Lowpass filtering on images.

3. Controlling the script with a time slider.
4. Thresholding on a volume.

2.13.1 Lowpass filtering on images

In this section we will learn how to apply a lowpass filter oneamira image using the Matlab Fourier
transformation. This example shows how to pass data andataatriables fromamira to Matlab,
execute a Matlab script, and import the data back amra.

e Load thelena.pngmage file located in subdirectodata/tutorials/matlab
e Choosd.uminancen the Channel Conversion fields shown in Figur@.3Q
¢ Right click on the green icon and choose CalculusMatlab fileenrCompute section.

A new red icon appears, the CalculusMatlab module that wyilid connect to the Matlab engine. This
may take a while.

e Load the scriptowpass.mocated in subdirectorgata/tutorials/matlakby clicking theRead
button of theFile port.

e Execute the script by clicking on thmifferbutton of theExecuteort.
e Connect arOrthoSliceto the filtered imageesult

The module uses the Matlab computation engine which hasvitsuser interface.

You can easily show or hide the Matlab console using the dieckn the options field. The Matlab
console is very useful for debugging purposes becaus@wslou to access variables of the Matlab
workspace. Any variable not cleared by the Matlab "clearhoeand in the script is accessible in the
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Figure 2.30 Loading the image

Matlab workspace, even after finishing the current Calddattab computation (see th@alculusMat-
labdocumentation).

In addition you can control scalar parameters of the sceptgitime sliders:

e Create a time sliderle/Create/Data/Timg
e Connect the CalculusMatlab module to the time slider.

e Change the line cutoff=0.05 to cutoff=t in the script (see@alculusMatlatdocumentation for
more information about the keyword t).

e Click on the time slider and adjust the value that will be gissd to w. Right mouse click in the
text field of the time slider and sele€onfigureto adjust the data range of the parameters.

Note: To handle RGBA image filtering, you must load the image witto€Bield Channel Conversion
and treat each channel separately in the script.

2.13.2 Thresholding on a volume

In this section we will learn how to apply a threshold to a vo&i This is done by setting a value for a
threshold. If the value for the voxel is less than the thré&shbe voxel value is assigned the value of
zero. If it is above the threshold, it is assigned a value &f 25

e Load the filelobus.amocated in subdirectorgtata/tutorials
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Figure 2.31 The CalculusMatlab module

Figure 2.32 Left: original Right: lowpass filtered
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e Right click on the green icon and chodSelculusMatlabfrom the Computesection.

e Load the scripthreshold.mocated in subdirectorglata/tutorials/matlatby clicking theRead
button of theFile port.

e Execute the script by clicking on thrifferbutton of theExecutegoort.

A new green icon appears, the Lattice that will hold the thoéd result. Connect a@rthoSliceor a
\oltexto see the result.

Note: Any variable accessed by Matlab and pushed back intanhiea workspace will lose its voxel
size information. You will need to correct the voxel size malty using theCrop Editor
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Chapter 3

Program Description

This chapter contains a detailed descriptioamira interface components and data types. No in-depth
knowledge ofamira is required to understand the following sections, but it goad idea to have a
look at one of the tutorials contained in Chap®eparticularly the very first one described in Section
2.1(Getting Started).

3.1 Interface Components

In this section the following interface components are dbsd:

e File Meny Edit Meny Pool Meny Create MenuView Menu Help Menu
e Main Window, Viewer Window Console Window
e File Dialog Job Dialog Preferences Dialggsnapshot DialogSystem Information

3.1.1 File Menu

The file menu lets you load and save data objects as walhas network scripts. In addition, it gives
you access tamira’s job dialog and allows you to quit the program. In the follog/text, all menu
entries are discussed separately.

3.1.1.1 Open Data

The Open Databutton activateamira’s file dialogand lets you import data sets stored in a file. Most
file formats supported bgmira will be recognized automatically via the file header or the fihkme
extension. For each file, the file dialog will display its famIf you try to load a file for which the
format couldn’t be detected automatically, an additionallady pops up asking you to select the format



manually. You may also manually set the file format for anyliiyeselecting the file, activating the file
dialog’s popup menu using the right mouse button, and thensihg the=ormatoption.

A list of all supported file formats contained in the reference manual. Hints on how to impouty
own data sets are given in Sectiri.

If you select multiple files in the file dialog, all of them wile loaded, provided all of them are stored
in the same format. 2D images stored in separate files usullge combined into a single 3D data
object. On the other hand, there are some file formats whighecanultiple data objects to be created.
Finally, you can also import and execaira network scripts using thieoadbutton.

3.1.1.2 Open Time Series Data

This button also activates ttie dialog but in contrast to the ordinatyoadoption it is assumed that
all selected files represent different time steps of a sidgta object. When loading such a time series
an instance of @ime series contrahodule is created. This module provides a time slider aliowi
you to adjust the current time step. Whenever a new time steplécted the corresponding data file
is read, and data objects associated with a previous tirpeastereplaced. The module also provides
a cache so that the data files only need to be read once prdhieledche is large enough.

3.1.1.3 Save Data

The Save Databutton allows you to save a single modified data object agsimgithe same filename
previously chosen und&ave Data AsThe button will only be active if the data object to be saved
is selected and if this data object already has been saved 8ave Data As A common applica-
tion of theSavebutton is to store intermediate results during manual segatien inamira’s image
segmentation editor

3.1.1.4 Save Data As

This button lets you write a data object into a file. To do so yuust first select the data object (click
on the corresponding green data icon). Then ch&ase Data Ao activateamira’s file dialog The
file dialog presents a list of all formats suitable for savihgt data object. Choose the one you like
and pres©K. Note that you must specify the complete file name includiregguffix. amira will not
automatically add a suffix to the file name. However, it willdape the suffix whenever you select a
new format from the file format list. Als@mira will ask you before it overwrites an existing file.

Some file formats create multiple files for a single data dbjeor example, each slice of a 3D image
data set might be saved as a separate raster file. In thistbadd#e name may contain a sequence of
hashmarks. This sequence will be replaced by consecutimbers formatted with leading zeros.

If no file format at all has been registered for a certain typéata object, th&save asutton will be
disabled. It will also be disabled if more than one data dhifeselected in the Pool.
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3.1.1.5 New Network

This button does Remove all objectso that you can start building a new network in the Pool. ib als
sets the new network name to Untitled.hx.

3.1.1.6 Open Network

The Open Networlbutton activatesmira’s file dialogand lets you load a network stored in a file.
Network files show up in the dialog as being of format "Amiraitt. A Remove all objectwill be
done before the new network is loaded so that effectivelyndve network replaces the old network in
the Pool. Currently only files with extension .hx can be opgene

3.1.1.7 Save Network

This button allows you to save the complete network of icars @nnections shown in the Pool. If
the network has not been previously saved, you will need écifpthe name of ammira network
script in the file dialog. When executed, the network scrgstores all data objects and modules as
well as the current object transformations and the camétiage The feature is useful for resuming
work at a point where it was left in a previoamira run.

Note that usually all data objects must have been storedlimiafarder to be able to save the network.
If this is not the case, a dialog is popped up listing all theadibjects that still need to be saved. In
the dialog you can specify that all required data objectaikhbe saved automatically in a separate
subdirectory.

Instead of the optiommira scriptyou can also choosamira script and data files (pack & gdyom

the file dialog’s format menu. In this caa# data objects currently loaded will be saved in a separate
directory. More options affecting the export of networkigts can be adjusted in tHereferences
dialog.

3.1.1.8 Save Network As

This button works like th&ave Networkutton except that in this case you will always need to sgecif
the name of almmira network script in the file dialog.

3.1.1.9 RecentFiles
This button can be used to load recently used files. When aingptiss menu entry a submenu appears

listing the five most recent files. If multiple 2D images haweb loaded this is indicated with the
name of the first file followed by three periods (...).
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3.1.1.10 Recent Networks

This button can be used to load recently used network scrigthen choosing this menu entry a
submenu appears listing the five most recent network scripts

3.1.1.11 Jobs

This button brings upmira’s job dialogwhich is used to control the execution of batch jobs running i
the background. For example, tetrahedral grids can be gttkin a batch job (see moduletraGei.
However, for most users the batch queue will be of minor ager

3.1.1.12  Quit

This button terminateamira. The current network configuration will be lost unless yopleitly
save it usindgsave Network

3.1.2 Edit Menu

The Edit menu provides access to the standard cut/copy/past&deletmands, as well as to an ex-
tended version of the Parameter Editor anddiréra preferences dialog.

3.1.2.1 Cut

In the Console this command cuts selected text and copies it to the clighda thePool, this com-
mand removes the selected objects.

3.1.2.2 Copy

In the Console this command copies the selected text to the clipboarchdPaol, this command has
no effect.

3.1.2.3 Paste

In the Console this command pastes the text in the clipboard to the cutesihinsertion point. In the
Pool, this command has no effect.

3.1.2.4 Delete

In the Console this command deletes the selected text. InRbel, this command deletes the selected
objects.
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3.1.2.5 Database

TheDatabaseéutton activates an extended version of faameter Editoallowing you to manipulate
amira’s global parameter database. Among others, the paranstdrabke contains a set of predefined
materials (to be used for image segmentation and surfacestaction) and of predefined boundary
ids (to be used for surface editing and FEM pre-processiRg).example, for each material and for
each boundary id a default color can be defined in the database

Modification, insertion, and removal of parameters is pened in the same way as in the ordinary
parameter editor. In addition, the extended parameteogliptovides a menu bar allowing you to
load, import, save, or search the global parameter databasea’s default database is stored in the
file share/materials/database.hm located in the directory whemmira was installed. Use
the Databasamenu optiorSet default filéo specify that a different database file be used instead Thi
change is permanent, i.e., it takes effect alsmifra is restarted. To switch back to the system default,
use theDatabasemenu optiorlJse system default file

3.1.2.6 Preferences

This option opens thamira preferences dialog described in Sect®h.12 The dialog controls how
network scripts are exported. It also lets you choose if wardialogs should be popped up if you try
to delete data objects which have not yet been saved to fileyou try to exitamira without having
saved the current network before. Possibly most intemgstiirallows you to configure the layout of
youramira window.

3.1.3 Pool Menu

The Pool menu provides control over the visibility of object iconsddets you delete or duplicate
objects. Depending on how many icons are selected in the @mok menu options might be disabled.

3.1.3.1 Hide

The Hide button hides all currently selected objects. The objectms$ are removed from the Pool
but the objects themselves are retained. You get the saea bif pressing th€trl-H  key. Hidden
objects can be made visible again usBfgpwor Show All

3.1.3.2 Remove

The Removebutton deletes all selected objects and removes the comdsp icons from the Pool.
You can get the same effect by pressiig-X . If you want to reuse a data object later on, be sure to
save itin a file before deleting it. If a data object has beedifienl but has not yet been saved to a file,
it is marked by a little asterisk in the object icon. In thef@ences dialog you can choose whether a
warning dialog should be printed if you try to delete unsadath objects which cannot be recomputed
by an up-stream compute module. If you delete a data objécgranected modules will be deleted as
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well. However, if you delete a module connected data objects, the results of a compute module)
will be retained.

3.1.3.3 Duplicate

TheDuplicatebutton creates copies of all selected data objects. Foremha new data icon is putin
the Pool. The name of a duplicated data object differs froartiiginal one by one or more appended
digits. The duplicate option is not available if you havees&td icons that do not represent data objects
(e.g., display or compute modules).

3.1.3.4 Rename

This button allows you to change the name of a selected oinjecsmall dialog box which is popped

up when the button is pressed. If no object is selected or Ifiphe objects are selected the button is
disabled. Note that no two objectsamira can have the same name. Therefore, the name entered in
the dialog may be modified by appending digits to it, if neaegs

3.1.3.5 Show

The Showbutton allows you to make hidden objects visible, so thair titkens are displayed in the
Pool. Among the hidden objects there are usually some calpswhich are loaded at start-up. This
option will be unavailable if there are no hidden objects.

3.1.3.6 Show All

The Show Allbutton makes all currently hidden objects visible, so thatrticons are displayed in the
Pool. This option will be unavailable if there are no hiddéjeats.

3.1.3.7 Remove All

TheRemove Albutton deletes all currently visible icons and the assediabjects from the Pool. A
pre-loaded colormap that is currently visible is also d=lebut all hidden objects are retained. If you
select the optiorcheck if data objects need to be sawedhe Preferences dialog, a warning dialog is
popped up if there are data objects which have not yet beauda\a file.

3.1.4 Create Menu

The Createmenu lets you create modules or data objects that cannotleesed via the popup menu
of any other object. Th€reatemenu provides different categories like the popup menuénfbol.
For example, you can create a procedurally defined scaldr(fidlere you can type in some arithmetic
expression) by choosin§calarfieldfrom the Data sub-menu. The icon of a newly created object
usually will not be connected to any other object in the Pbobrder to establish connections later on,
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use the popup menu over the small white square on the lefosithe object’s icon. You can also put
in links to scripts in theCreatemenu. Details are defined in Sectibrb (Configuring popup menus).

3.1.5 View Menu

The Viewmenu provides control over seveldeweroptions affecting the display independent of the
Viewerinput.

3.1.5.1 Layout

The Layoutbutton lets you select between one, two, or four 3D viewer$vidwers will be placed
inside a common window using a default layout. If you wantreate an additional viewer in a separate
window, choosdextra Viewer You may create even more viewers using the Tcl commaedter

<n> show. Starting frorn=4, viewers will be placed in separate windows.

3.1.5.2 Background

The Backgroundbutton opens the background dialog, allowing you to switetween the different
background stylesniform, gradient andcheckerboard In addition, the dialog allows you to adjust
the two colors used by these styles.

In order to change the background color via the commandfater use the viewer commands
viewer <n> setBackgroundColor and viewer <n> setBackgroundColor2 . The
command interface also allows you to place an arbitraryerastage into the viewer background
(see Sectior3.1.8 viewer commands).

3.1.5.3 Transparency

TheTransparencyutton controls the way of calculating pixel values withpest to object transparen-
cies during the rendering process.

e Screen DoorTransparent surfaces are approximated using a stipplerpatt
e Add: Additive alpha blending.

e Add Delayed:Additive alpha blending with two rendering passes. Opadyjeats come first
and transparent objects come second.

e Add SortedLlike Add Delayedbut transparent objects are sorted by distances of bogdia
centers from the camera and are rendered in back-to-frdet.or

e Blend: Multiplicative alpha blending.

e Blend DelayedMultiplicative alpha blending with two rendering passega@ue objects come
first and transparent objects come second.

e Blend Sortedlike Blend Delayedbut transparent objects are sorted by distances of bogndin
box centers from the camera and are rendered in back-tbdrdar.
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e Sorted Layers:Uses a fragment-level depth sorting technique, which. sgbegtter results for
complex transparent objects. Multi-Texture, Texture Emwiment Combine, Depth texture, and
Shadow OpenGL extensions must be supported by your grapbasl. If the graphics board
does not support these extensions, behavesBisrild Sortedvas set.

3.1.5.4 Lights

TheLightsmenu lets you activate different light settings for the 3Bwér. By default, the viewer uses
a single headlight, i.e., a directional light pointing imalst the same direction as the camerais looking.
The headlight can be switched on or off in each viewer via theer’'s popup menu. Alternatively, the
headlight can be switched on or off for all viewers using teadlight toggle in thisightsmenu. This
standard light settings can be restored usingStadardbutton. More light settings can be defined
by creating an appropriate file BAMIRA_ ROOT/share/lights . By default,amira provides one
additional light setting including colored lightBlueRedl.

At any time, additional lights can be created via @reate lightoption. Except for the viewer’s default
headlight, all lights are represented by little blue icamshie Pool, just like ordinary data objects or
modules. In order to make all hidden light icons visible, tieeShow all iconption. Hide all icons
hides the icons of all light objects. For more informatiomatlights, please refer to the Reference
Section of this manual.

3.1.5.5 Fog

The Fog button introduces a fog effect into the displayed scene amirals how opacity increases
with distance from the camera. The fog effect will only bersea auniformbackground. More fine
tuning is provided by théogRange Viewer command

None:No fog effect (default).

Haze:Linear increase in opacity with distance.

Fog: Exponential increase in opacity with distance.

e SmokeExponential squared increase in opacity with distance.

3.1.5.6 Axis

The Axisbutton creates aAxis module namedslobalAxiswhich immediately displays a coordinate
frame in the viewer window. This button is a toggle, so clickion it again deletes th@lobalAxis
module and removes the coordinate frame from the vieweravind he axes will be centered at the
origin of the world coordinate system. You may also creatall@xes by selecting the appropriate
entry from a data object’s popup menu.
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3.1.5.7 Measuring

The Measuringbutton creates an instance oMeasuringnodule that lets you measure distances and
angles on objects within the viewer.

3.1.5.8 Easy Fade

The Easy Faddoggle lets you switch on a fading effect which is appliedltkimds of scene move-
ments. Before a new image is rendered only a certain fractiche background will be cleared. In
this way older images remain visible until they fade out étevhile. Note that this mode requires
single buffer rendering, and therefore, flickering may k=blé in some cases.

3.1.5.9 Frame Counter
TheFrame Countetoggle lets you switch on a frames-per-second counter thidiewdisplayed in the
first viewer (viewer 0).

3.1.5.10 Console

The Consoletoggle lets you switch on or off display of ti@onsole window

3.1.6 Online Help

amira user’s documentation is available online. You can accegs ithe User's Guideentry of the
main window’sHelp menu. The user’s guide contains some introductory chaperaell as a refer-
ence section containing documentation for specific

e modules,

data types,

e editors,

o file formats,

e and other components.

You may access the documentation of any such object via aatepgadex page accessible from the
home page of the online help browsexmira modules also provide a question mark button in the
Properties Area. Pressing this button directly pops up éhe lrowser for the particular module.

By default, the help browser is displayed in the lower lefitipm of youramira window, in the same
pane as the console. A tab button allows you to switch betwleernwo. To request that the help
browser to be displayed in its own top-level window, uselthgouttab of theEdit/Preferencesenu.

Going through the online documents is similar to text hargllivithin any other hypertext browser.
In fact, the documentation is stored in HTML format and carrded with a standard web browser
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as well. Some specially marked (colored and underlined)items allow you to jump quickly to
related or referenced topics, where blue items point toaghsections, and red items to already viewed
sections. Use thBackwardandForward buttons to scroll in the document history alddmeto move

to the first page.

Searching the online documentation

The online help browser provides a very simple interfacafull text search. First, press tiiestion
Mark button to display th&earchdialog. Then enter the desired text into the text field. Ptieshklext
button in order to perform the search.

For example, suppose you are looking for information abloaistirface editor Here are the results of
various search strings you might enter:

e Search string: surface editor

Result: all occurrences of "surfacedr "editor”
e Search string: surface +editor

Result: all occurrences (pages) containing the word "surfao®ithe word "editor”
e Search string: "surface editor”

Result: all occurrences of the string (case insensitive) of "swefeditor”

Radio buttons allow you to search therrent pageor throughoutll documentationin current page
mode, each time you press tNextbutton, the next occurrence of the search string is higtgigh

When the help browser is shown in a top-level window, its urgierface is slightly different. You enter
the search string into the text field in the upper part of tHp heowser window. Then you press either
the Searchbutton to search the entire document, or you presd-the button to search the current
page. Use th®ackwardandForward buttons to scroll in the document history aHdmeto move to
the first page.

Running demo scripts

In the demo section of the on-line manual you can easily atartdemonstration just by clicking on
the marked text. The script will be loaded and executed imately. You may interrupt running demo
scripts by using the stop button in the lower right of #meira main window.

Commands

help
Makes the help dialog appear and loads the home page of time draip.

help getFontName
Returns the name of the font of the browser.

help setFontName
Sets the font of the browser.
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Console Help e .- 9
PS

Modules | Ports | File Formats | Data Types | Editors | Tutarials

amira / ResolveRT 4.0

Uzer's guide
+ |ntroduction, including a list of features
+ About extension packages
« Tutonalg, including a getting started section
+ Program description, covering GUI and data classes
+ T echnical information, including a section on data import
+ Scripting guide, describing the amira script interface
+ amira ahd the /3GE switch
+ Molecular Pack
+ YA Pack
+ Large Data Pack
+ Quantifications Pack
+ ResolveRT
« FAD, alist of frequently asked questions
+ Acknowledgements and Copyrights
+ Contact, hotline and support addrezzes

Reference guide
+ Modules
+ Ports
+ FileFarmats
+ Data
+ Editors
+ Demas

Developer Pack
* |ntroduction, including a guick start quide and upgrade information,
+ The Development ‘Wizard, a tool for facilitating development tasks
+ File 10, describing how ta wite read and wiite routines
« Wiiting Modules, covering compute and display modules
+ Data Claszes. how to uze them and how ta denve from them
+ Diocumenting kodules and integration into the user's guide
+ Mizcellaneous, resource file summary, zaving netwarks, and mare

Figure 3.1 amira’s help window.
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help getFontSize
Returns the size of the font of the browser.

help setFontSize

Sets the size of the font of the browser. In order to permanehange the font size, put this
command in the amira file in your home directory or in aamira.init  file in the current working
directory. For details see Sectidri.

help load file.htn
Load the specified hypertext document in the file browser.eNoat only a subset of HTML is
supported.

help reload
Reload the current document.

3.1.7 Main Window

amira’s Main window consists of two components, tReol in the upper part of the window and the
Properties Aredn the lower part. The Pool contains icons representing olajiects and modules cur-
rently in use as well as lines connecting icons indicatingeshelencies between objects and modules.
The Properties Area is the place where the user interfacdefted objects is displayed. Typically, the
interface consists of buttons and sliders arrangdtits They can be thought of as ports because the
user can pass information to a module through them. Fdw and theProperties Areaare described
below.

By default, the Main Window, th&iewer window the Console windowand theHelp browseare all
panes of a single largemira window. However, it is possible to designate that any oféHast three
components be displayed it its own top-level window usinglthyouttab of theEdit/Preferences
menu.

3.1.7.1 Pool

Concepts

Once a data object has been loaded or a module has been cieaittde represented by an icon in
the Pool. Some objects, especially initially loaded colapsy may not be visible here. Such hidden
objects are listed in thBool/Show Objecinenu of the Main Window. Selecting an object from this
menu causes the corresponding icon to be made visible inable P

Icon colors are used indicate different types of objectsta@jects are shown in green and are the
only objects which can be saved to disk uskip/Save Computational modules are shown in red,

visualization modules are yellow, and visualization medwfslicing type are orange. Such modules

may be used to clip the graphical output of any other module.

Connections between data objects and processing modat@snss blue lines, represent the flow of
data. For display modules, these connections show the dathto generate the display. You may
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Figure 3.2 The Pool contains data objects and module icons.

connect or disconnect objects by picking and dragging albleebetween object icons.

As you might expect, not all types of processing modules ppi@able to all kinds of data objects.
If you click on a data object icon with the right mouse buttammenu pops up that shows all types of
modules that can be connected to that object. (Alterngtiyelu can click on the small white triangle
on the right side of the icon with the left, right, or middlettoun.) Selecting one of the modules will
automatically create an instance of that module type andextrit to the data object. A new icon and
a connecting line will appear in response. This way you camige more or less complex network
that represents the computational steps required to catry specific visualization task and is used to
trigger them. Note that modules used will appear as shoftecunacro) buttons in the upper part of
the window.

If you look closer at an object’s icon you will notice two sinsduares on its left, one white and one
orange. If you click on the white square with the left (or tighr middle) mouse button, a menu pops
up that shows all connection ports of that object.

If the white square has a ”-” or a "+” inside, you can click itttvithe left (or right, or middle) mouse

button to hide ("collapse”) or unhide the objects connedtethat object. The collapse feature is
helpful if there are too many objects in the Pool to view gaatlonce. The hidden objects will be
visible in thePool/Show Objeatnenu.

The orange square controls the object’s visibility in thewers. It shows the current viewer layout
(1 viewer, 2 viewers, etc.). Click inside the region of theiae corresponding to a specific viewer
to toggle the visibility of the object in that viewer. The feqg turns gray when the module is set to
invisible. If you are using more than 4 viewers, each addéloiewer will have its own orange square
on the object’s icon. You can also control an object’s vigibby clicking on its visibility toggle in
the Properties Area.
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As mentioned above, for most objects the required connestive automatically established on cre-
ation. However, in order to set up optional connections yostrase the connection popup menu. For
example, you may attach an optional scalar field to an Isasenfnodule’s Colorfield port in order to
color the surface using the values in the Colorfield.

Once you have selected an entry from the connection popup wfethe object icon, you can choose
a new input object for that port. In order to do so, click onitiput object’s icon in the Pool. The blue
connection line will become lighter blue if the connectiamrican be connected to the chosen object.
Reasons for not being able to connect an input to a port camdecdhe following: incompatible data
type (use Castfield to change), incompatible dimensignaiithe input (use ChannelWorks to change),
incompatible grid type of the data (for example, use Arittim® sample on a regular grid), or simply
that the connection does not make sense,for example, coimpecdisplay module for surfaces to a
CT data set.

In order to disconnect an input object click on the icon ofritedule the port belongs to. Data objects
possess a special connection port caMakter. This port refers to a computational module or editor
the data object is attached to. It indicates that the contipnt module or editor controls the data
object, i.e., that it may modify its contents.

Each object has an associated control panel containingrsuénd sliders for setting or changing ad-
ditional parameters of the object. The control panel becowsible once the object has been selected,
i.e. by clicking on its icon with the left mouse button. In erdo select multiple objects, you can
shift-click the corresponding icons or select them by ushegrectangular selection tool (press and
hold down the left mouse button over the Pool backgrounah fiveeep out a rectangle). Clicking on
the icon of a selected object deselects it again. Clickingesshere on the background of the Pool
causes all selected objects to be deselected. One or meoteskicons may be dragged around in the
Pool by clicking on them and moving the mouse pointer whillelimy down the mouse button.

Interface

At the right of the Pool banner are tiR®olSelec{arrow) andPoolPan(hand) buttons. In PoolSe-

lect mode, the mouse is used for selecting, positioningneocting, and disconnecting objects in the
Pool. In PoolPan mode, moving the mouse pans the Pool watkspaess the Control key to switch
temporarily from one mode to the other.

At the top of the Pool is a region containing shortcut (or madcuttons. TheDpen Databutton is

a shortcut to théile/Open Datamenu item. Up to 4 additional buttons are automatically ldigpd
depending on the currently selected object(s). They peoraby access to the modules that are most
commonly used and/or that have been recently used with thertly selected object.

The trashcan at the bottom right of the Pool provides a cdaméshortcut for removing an object.
Drag the object to the trashcan. When the cursor turns int&Xgrrelease the mouse button and the
object will be removed from the Pool. If you remove a data objall modules downstream from that
module will be deleted as well. Alternatively, you can useRemove objedtem from thePoolmenu,
or you can use the Delete key or Ctrl-x to remove a selectegtbb)j
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3.1.7.2 Properties Area

Once an object has been selected, its input controls willifglaled in the Properties Area below
the Pool. Each object has a specific set of controllable petens or options. These are described
in detail for each module in thmdex sectiorof the reference manual. Computational modules and
visualization modules also provide a question mark butthitkvlets you access the documentation of
that module directly.

The Applybutton is active (green) for modules that require you to iekpl initiate their action. Typi-
cally this is the case for modules whose action may take afiignt amount of time, such as some of
the compute modules. When tBéopbutton is red, you can press it to interrupt the action.

Check on thewuto-refrestcheck box to automatically force an apply for any change éntétwork.

At the top of an object’s control panel its name is displayed @ number of additional control buttons
are provided. All objects have one or more orange vieweobgtfor each 3D viewer. These buttons
control whether any graphical output of an object is dispthyn a particular viewer or not. For
example, if you have two viewers and two isosurface modubesgay want to display one isosurface
in each viewer.

Display modules oglicing type (orange ones) provide a clip button. Clicking this duotill cause
the graphical output of any other module to be clipped by shie¢. Clipping does not affect modules
with hidden geometry or modules that are created after fpdatton has been pressed.

Data objects provide a number of additioedlitor buttons. Editors are used in order to modify the
contents of a data object interactively. For example, yau garform manual segmentation of 3D
image data by editindabel fieldsusing theimage segmentation editoSome editors display their
controls in the Properties Area like all other objects, whithers use a separate dialog window that
allows you to perform object manipulations.

As already mentioned, specific input controls of an objea arodule are organized Ports. Each
port has a pin button on its left. If a port is pinned it willlstie visible even when the object is
deselected. The ports are composed of various widgetsdfilattr an operational meaning, e.g., a
value is entered by a slider, a state is set by radio buttobfaxy choice is presented as a toggle
button. The control elements have a uniform layout and avelelil into several basic types. A
description of the basic port types is contained indbmponent indesection of the User's Reference
Manual.

3.1.8 Viewer Window

The 3D viewer plays a central role amira. Here all geometric objects are shown in 3D space. The
3D viewer offers powerful and fast interaction techniguesan be regarded as a virtual camera which
can be moved to an arbitrary position within the 3D scene.l&tienouse button is used to change the
view direction by means of a virtual trackball. The middleuse button is used for panning, while the
left and the middle mouse button pressed together allow y@odm objects.
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Sometimes you need to manipulate objects directly in the @ver. For example, this technique,
called 3D interaction, is used by thieansform editar The editor provides special draggers that can
be picked and translated or rotated in order to specify #resformation of a data object. Before you
can interact with these draggers, you must switch the viémerinteraction mode This is done by
clicking on the arrow button in the upper left corner. If thewer is in interaction mode, the mouse
cursor will be an arrow instead of a hand symbol. You can usgBEBC] key in order to quickly
switch between interaction mode and viewing mode. If theveieis in interaction mode, use the
[Alt]  key to temporarily switch to viewing mode.

More than one viewer can be active at a time. Standard scagents with one, two, or four viewers
can be selected via thdew menu Additional viewers can be created using the Tcl commaeder
<n> show, where<n> is an integer number between 0 and 15. While viewers 0 to 3beifplaced
in a common panel window, viewers 4 to 15 will create their aamlevel window. For more specific
control, the viewer provides an extensive command set,wisidocumented in Sectidn3.3.1

The toolbar of the main viewer window provides several mdgtand controls, see FiguB3. The
precise meaning of these controls is described below.

Interact:

Switches the viewer into interaction mode. You can also hedESC] key to toggle between
viewing mode and interaction mode.

Trackball:

&y

Switches the viewer into viewing mode. You can also use[E®C] key to toggle between
interaction mode and viewing mode. The left mouse buttorsesdio change the view direction by
means of a virtual trackball.

Translate:

Same aJrackballexcept that the left mouse button is used for panning (teios).

Z@oom:

Same aSrackballexcept that in this mode vertical motion of the left mousediutontrols zooming.
Rotate:

@

Rotates the camera around the current view direction. Bgudgfa clockwise rotation of one degree
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is performed. If the Shift-key is pressed while clicking,@&degree rotation is done. If the Ctrl-key is
pressed, the rotation will be counterclockwise.

Seek:

¢

Pressing the seek button and then clicking on an arbitragjgcom the scene causes the object to be
moved into the center of the viewer window. Moreover, the eawill be oriented parallel to the
normal direction at the selected point. Seeking mode maylssactivated by pressing th®] key

in the viewer window.

Home:

ol

Resets camera to the home position.

Set Home:

&

Sets the current position as the new home position.

Perspective/Ortho:

« €|
Toggles between a perspective and an orthographic camgidefBult, a perspective camera is used.
You may want to use an orthographic camera in order to measteences or to exactly align objects

in 3D space.Note: Only one of these buttons will be visible at a time, the buttedicating the
currently active camera type.

View All:

el

Repositions the camera so that all objects become visiblee drientation of the camera will
not be changed. Note: The first button is seen ifechnical naming has been selected in the
Edit/Preferences/Layout dialpghe second button will be displayed rifiedical naming has been
selected.

YZ-, XY- and XZ-Views:

BEY, Qa9

Adjusts the camera according to the specified viewing doactThe viewing direction is parallel
to the coordinate axis perpendicular to the specified coatdiplane. Medical doctors are used to
viewing series of tomographic images parallel to the XYhglavith the y-axis pointing downwards.
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This convention is followed by the XY-button. The oppositew direction is used if the Shift
key is pressedNote: The first set of buttons is seentéchnicalnaming has been selected in the
Edit/Preferences/Layout dialpghe second set of buttons will be displayedriedicalnaming has
been selected. They correspond to axial, coronal, andaagews respectively.

Stereo:

Allows you to enable or disable stereo viewing, as well ag$p&arious stereo viewing parameters
via theStereo Preferencetialog.

Measuring:
Q121 TR AL

Pressing this button creates an instance Measuringmodule that lets you measure distances and
angles on objects within the viewer. Clicking on the dowroarwill display a menu of measuring
tools to chose from:2D line, 3D ling, 2D angle 3D angle andannotation See the Measuring
module’s documentation for detailslote: Only one of these buttons will be visible on the toolbar at
a time, the button of the measuring tool most recently aezkeem the viewer toolbar.

Snapshot:

=

Takes a snapshot of the current rendering area and saves ifilan The filename as well as the
desired output format must be entered through $mapshot dialog Snapshots may also be taken
using theviewer commangnapshot .

Layout:

Om e s

Selects the viewer layout: a single view, two viewers siglesiole, two viewers stacked, or four
viewers.

Fullscreen:
o

Selects fullscreen mode. In this mode, the viewer occupiehtire screen and no other windows
will be visible. To exit fullscreen mode, click the right m&ibutton and unchedkullscreenin the
popup menu.
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In addition to these buttons, tlenira viewers provide an extensive set Bé/ commandswhich are
listed in Sectiorb.3.3.1

3.1.9 Console Window

The console windows a command shell allowing to acceasira’s advanced control features. It
serves two purposes. First, it gives you some feedback oniglearrently going on. Such feedback
messages include warnings, error indications and notesalmigms as well as information on results.
Second, it provides a command line interface whamnéra commands can be entered.

amira’s console commands are based onThkscript languagéTool Command Languagefxamples
are:

load C:/MyData/something.am
viewer 0 setSize 200 200
viewer 0 snapshot C:/snapshot.tif

Theamira scripting syntax and the specific commands are describégti€hapteb (Scripting). To
execute a single console command just type in its name andngnmts and press ‘Enter’. If you select
an object and then press tfilgAB] key on the empty command line, then the name of the object will
be automatically inserted.

You can also type the beginning of a command word and typ€nAB] key to complete the word.
This only works if the beginning is unique. PressiigAB] a second time will show the possible
completions. Often, this saves a lot of typing. Commandvigenl by data objects and modules
are documented in the reference section of the users guigssiRg thgF1] key for such a com-
mand without any arguments pops up the help text for this cananThis is also true for commands
provided by theportsof an object.

Additionally theconsole windovprovides a command history mechanism. Use ‘up arrow’ andifdo
arrow’ to scroll up and down in the history list.

To execute a file containing many Tcl commands ssarce <filename> or load the script
file via amira’s file dialog from the file menu. amira script files are usually identified by the
extension.hx . For advanced script examples take a lookaatira’'s demo files located in
$AMIRA_.ROOT/share/demo .

3.1.10 File Dialog

The File Dialog is the user interface component for importing and exportlatp into resp. from
amira. It is used at several placesamira, most prominently by théoad Save Data AsandSave
Networkitems of the main window'&ile menu.

The dialog provides two modes of information, a detail moalé @ multi-column mode. In the detail
mode, which is active by default, some file data are showntosx@ch filename, namely the file size,
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Figure 3.3 amira’s viewer window provides a virtual trackball for easy natign. The toolbar contains several controls,
allowing you for example to switch between viewing mode amériaction mode, to choose certain orientations, or to take
snapshots.

Estenzion AmiralicomBeader 4.0 successtully initialized
Eutenzion RezolveRT 4.0 succezsfully intialized
Euxtension amiraSeguReader 4.0 succezsfully initialized
Feading ternperature.icol

Reading physics.icol

Reading seizmic. col

Reading glow. col

Reading volrenRed. col

Reading waolrenGreen. col

Amiraley 4.0 [arch-Ain32C7-Optimize]

Type 'help' for getting started.

*

Figure 3.4 amira’s console window displays info messages and lets you emiezommands.
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Figure 3.5 amira’s file dialog.

the file’s last modification time, and the file format. You maytshe file list according to each of these
properties by clicking on the particular column’s header ISabdirectories will always be displayed
first. In multi-column mode only the file name is displayed.uMoay switch between both modes
using the tool buttons in the upper right part of the dialogdwaiw.

Most file formats supported bgmira will be recognized automatically, either by analyzing tHe fi
header or by looking at the file name suffix. A list of allpported file formats contained in the

reference section of this manual. You may manually set thdbof a file by means of the dialog’s
popup menu (see below).

3.1.10.1 Changing Directories

You can change the current directory by double-clicking ladsnectory in the file list or by entering

a new directory in the dialog’s path list. By default, thetphst contains the current directory, the
directory containing the demo data sets provided \&ittira, as well as all directories defined by the
environment variabl&MIRA DATADIR In AMIRADATADIR multiple directory names have to be
separated by colofg on Unix systems or by semicolofi} on Windows systems. In addition,
on Windows system the names of the twelve most recentlyedslirectories are stored in the path list.
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3.1.10.2 Selecting Files

To select a single file just click on it or type in its name in file name text field.

In some cases you might want to select more than one file at enge when loading a 3D image
data set as a series of single 2D images. You can do this bgtisgi¢he first file first and then shift-
selecting the last file. Then all intermediate files will beesged as well. Moreover, you may ctrl-click
a file in order to toggle its selection state individually.

3.1.10.3 Using the Filename Filter

The filename filter is visible when the dialog is in import mg@tdead File). It is useful to restrict the

list of filenames to a subset matched by the filter expressidre filter expression may contain the
wildcard character® (matches any character) andmatches an arbitrary character sequence). For
example, the expressienimg matches all filenames with the suffixng .

3.1.10.4 The File Dialog’s Popup Menu

The file dialog provides a popup menu which may be activatgareégsing the right mouse button over
the file list. Among others, this menu lets you rename or ddikgs or directories, provided you have
the permission to do that. Note that you may only delete emjpéctories.

Using theFormatoption of the popup menu you may manually set the format todeel when load-
ing a file intoamira. This option is useful if for some reason the wrong format basn detected
automatically, or if no format at all could be detected. Nodavever, that any format specification set
manually will be overwritten when the directory is reread tiext time.

3.1.11 Job Dialog

Certain time-consuming operationsamira can be performed in batch mode. For this purpsrséa
provides a job queue, where jobs like generation of a tethahgrid can be submitted. You can inspect
the current status of the job queue, start and delete jobstfie queue by selectinpbsfrom amira’s

file menu. This will bring up thdob Dialog

In the upper part of the job dialog the current list of jobs aiser is shown. For each job a short
description is displayed, as well as the time when the jobbeas submitted and the current state of
the job. A job may be waiting for execution, running, finishedit may have been killed.

The job directory

For each job a temporary directory is created containingraquired input data, scripts, state in-
formation, and log files. On Unix systems this directory isated at the location specified by the
environment variabld@ MPDIR If no such variable existgimp is used. On Windows systems the
default temporary directory is used. Typically this will B TEMP .
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Figure 3.6: The job dialog lets you start, stop, examine, and deletehbjabs.

Controlling the job queue

A job’s state may be manipulated using the action buttong/ehabove the job list. In order to start
the job queue select the first job waiting for execution amshtpress th&tartbutton. Note that only
one job can be executed at a time. In order to kill a running gelect it in the job list and press the
Kill button. You may delete a job from the job queue usingdktetebutton. When deleting a job the
temporary job directory will be removed as well.

Information about a job

Once you have selected a job in the job queue, more detailedriation about it will be displayed
in the lower part of the dialog window, notably the state af jbb, the temporary job directory, the
submit time, the time when the job has been started, the ma tind the name of the command to be
executed. Any console output of a running job will be redieeddo a log file located in the temporary
job directory. Once such a log file exists and has non-zeeoysiz may inspect it by pushing théew
outputbutton.

Commands

job submit cmd info [tmpdir]

Submits a new job to the job queueommand specifies the command to be executedfo
specifies the info string displayed in the job dialbgpdir specifies the temporary job directory.
If this argument is omitted a temporary job directory is teelabyamira itself. In any case, the
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directory will be automatically deleted when the job is remdfrom the job queue. Examplieb
submit "clock.exe" "Test job"

job run

Starts the first job in job queue pending for execution. Whgbas finished, execution of the next
job in the queue starts automatically, thus all jobs in theuguwill be executed successiveley by
job run

3.1.12 Preferences Dialog

The Preferences Dialogllows you to adjust certain global settingsarhira. The preferences are
stored in a permanent fashion on a per-user basis. The diaftgins a tab bar with several tabs. The
first tab,General is related to the Pool and saving the network. The second.tafout affects the
layout of the user interface. And the thir@n Exit controls what conditions are checked for in the
networks wheramira exits. TheLDA tab allows you to specify the size above which datasets will b
treated as out-of-core data. TBegmentatiotab allows you to specify options for the Segmentation
Editor. See th&Segmentation Editatocumentation for details.

3.1.12.1 The General Tab

2-pass firing algorithm

If set, a slightly more complex firing algorithm is used whiehsures that down-stream modules
connected to an up-stream object via multiple paths areforlyonce if the up-stream object changes.
The default is off.

Auto-select new modules
If set, a new module selected from the popup menu of its patgett is shown automatically in the
Properties Area. The default is on.

Deselect previously selected modules

This option can only be set if auto-selection is turned onself, all objects are deselected before
selecting the new module. Otherwise the new module will eeaged at the end of the Properties
Area. The default is on.

Draw viewer toggles on icons
If set, small viewer mask toggles are drawn on the icons d dafects and display modules. This
allows to show or hide a module in a viewer without selectirfgst. The default is on.

Draw compute indicator
If set, a small red rectangle is drawn inside the icon of a netiLindicate that the module is currently
working. The default is on.

Include unused data objects
If set, all data objects including hidden colormaps areestdan network scripts. When executing such
a script all existing objects are removed first. If not seyansible data objects and objects which are
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referenced by others are stored in a network script. Wheoutixe) the script hidden data objects are
not removed. The default is on.

Include window sizes and positions
If set, window sizes and positions are stored in networkpseriBe careful using this option if you
want to send your script to a machine with a different scresplution.

Overwrite existing files in auto-save

If set, no overwrite check is performed for data objects Whieed to be saved automatically in order
to create a network script. Otherwise a ungiue file name wilthosen. The default is on. Details
about the auto-save feature are described in Se8tibA.7

3.1.12.2 The Layout Tab

This dialog allows you chose between two naming conventioredicalandtechnical Your choice
will affect the labels of some ports, for example, Oriemtatports, as well as the appearance of the
viewer buttons controlling the view orientation.

This dialog also allows you to configure the layout of #msira windows. By default, the maiamira
interface components (Pool, Properties Area, main Viewisdow, Console, and Help Browser) share
one large window. This dialog provides check boxes allowiag display some of these components
in separate top-level windows. This gives you additionalifligity in managing the "real-estate” of
your graphics display. For example, on a dual-head displesri be interesting to display the main
Viewer window on one display and the rest of #irmira interface on the other.

Show viewer window in top-level window
The main Viewer window will be displayed in a top-level winvdo

Show console in top-level window
The console will be displayed in a top-level window.

Show help browser in top-level window
The help browser will be displayed in a top-level window.

Show "Dolt” buttons

Some modules have a button, usually labeled "Dolt”, toatéithe action of the module. Sinamira
4.0, by default, this button is not displayed in the Progsrrea. Rather, the greépplybutton at
the bottom of the Properties Area is used to initiate theoactif this box is checked, the button will
be displayed in the Properties Area. The graeply button will still be available for use as well.

Finally, you have the choice teave window layout on exiSave current layout (howpndRestore
current layout (now)

3.1.12.3 The On Exit Tab

The page allows you to control what conditions are checkethfthe networks wheamira exits.
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Figure 3.7: The snapshot dialog allows you to save or print the contefrsviewer window.

3.1.13 Snapshot Dialog

The Snapshot Dialogrovides the user interface of the viewer’'s snapshot fgcitiou get the dialog
by clicking on the camera icon in théewertoolbar.

e Output: Specifies the output device. With file the grabbed image is saved to a file, with
printer the image is sent directly to the printer, and wiidhclipboardit is sent to the clipboard.
In the to printer mode you first must select and configure a printer by pressia@onfigure
button. In addition, you may enter an arbitrary text strirfgjah is printed as an annotation text
below the snapshot image.

e Offscreen: Lets you grab images larger than the actual screen size. Yhlsaoption is checked,
the output dimensions can be specified inwhdth andheighttext fields up to a maximum of
2048 x 2048 pixels.

e Render tiles: Use this option to render snapshots of virtually unlimitedalution (e.g. for
high quality printouts). In this mode the scene is dividetd im x m tiles where n and m can be
entered into the adjacent text fields. Then the camera posgiset such that each tile fills the
current viewer and a snapshot is taken. Finally the tilesraeenally merged to a single image
and sent to the device specified in Batputport.

e Filename: Lets you specify the filename if the file option is set. Thérowsebutton allows
you to browse to a desired location within the filesystem.

e Format: The format option lets you select the file format to be produce file output. The
following formats are supported: TIFHi,.tiff ), SGI-RGB (rgb,.sgi,.bw ), JPEG
(.jpg,.jpeg ), PPM (pgm,.ppm ), BMP (bmp), PNG (png ), DCM (.dcm ), and Encap-
sulated PostScriptéps ). In addition, this port offers three radio buttons to chmbstween
grayscale rgh, andrgb alphatype of raster images. Ifgb alphaoption is set, images are
produced such that the viewer background is assigned tdgtha ahannel. This option is not
available for file formats that do not support an alpha channe
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3.1.14 System Information Dialog

The system information dialog provides diagnostics infation allowing the user or themira support
team to better analyze software problems. The dialog camitab bar with three pages. The first
page lists information about the current CPU. The secone fiats information about the current
OpenGL graphics driver. The third page lists version infation about the currently installeainira
components. In the lower left part of the dialog you will finth@tton Save ReportWith this button
all information can be written into a text file. In case of agor call, you may be asked to send this
text file to the hotline.

3.1.14.1 The CPU Tab

This page displays information about the system on whichgreurunningamira. This information
can be useful when reporting problems to technical support.

3.1.14.2 The OpenGL Tab

This page displays information about the current OpenGlpluyis driver. In particular, a list of
available OpenGL extensionsis printed. This list allowts itheck if certain rendering techniques like
direct volume rendering via 3D textures are supported orrigcpéar hardware platform or not.

3.1.14.3 The Libraries Tab

This page displays a list of all DLLs or shared libraries @am¢d in theamira lib directory. For each
library certain version information as well as an MD5 cheoksare printed. In this way it is possible
to check whether a certain patch has already been installedto For most libraries the version
information is compiled in. For other libraries this infoation is read from the version information
files found inshare/versions in theamira root directory.

3.2 General Concepts

This section contains some general comments on how datatslges organized and classified in
amira. In particular, the following topics are discussed:

e amira Class Structure

e Scalar and Vector Fields
e Coordinates and Grids
e Surface Data

e \ertex Set

e Transformations

e Parameters
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3.2.1 Class Structure

In this section we discuss the object-oriented desiganuifa in a little more detail. You already know
that data objects, e.g., gray level image data or vector $iets, appear as separate icons inRbel.
You also know that there are certain display modules whichbzaused to visualize the data objects.
While some modules can be connected to many different dgeatsbe.g., th&ounding Boxmodule,
others cannot, e.g., tf@rtho Slicemodule. The latter can only be connected to voxel data ordtasc
distributions on voxel grids. The reason is that internalbyh are represented as a scalar field with
uniform Cartesian coordinates. Consequently, the sanuahzsition methods can be applied to both.
On the other hand, for example a volumetric tetrahedral gnadiel of the object of interest usually
looks completely different. But since it is also a 3D dataechjthe sam&ounding Boxnodule can
be connected to it.

In summary, there aramira data objects that might be conceived of different type, hith vespect

to mathematical structure, applicability of viewing antdetprocessing modules, as well as program-
ming interface design have many common properties. Obgyiingiples of object-oriented design,
the data types adimira are organized in class hierarchies where common propatgeattributed to
'higher up’ classes and inherited to 'derived’ classes,udisdasses of a class are commonly referred
to. Conceptually each object occuringamira is an instance of a class and each of its predecessors
in the hierarchy that the class belongs to. The classes airchilerarchies are defined withamira.

As the user you normally deal with instances of classes oRby. instance, there is a class called
"HxObject” with sub-classes "HxData” and "HxModule”. "Hx&a" comprises the types of data as-
sociated with data objects used for modeling the objectatefést, e.g., volumetric tetrahedral grids
or surfaces. "HxModule” comprises data types that have lassigned to display and other process-
ing modules, again in accordance with principles of obf@@anted design. This is whgmira’s data
objects and processing modules are commonly referred tolgscts”.

There are also classesamira that are not derived from "HxObject” and constitute othetadapes,
and there are several independent class hierarchiesthere,is a class called "HxPort” from which
all classes supporting the operation and display of interfaontrol elements are derived (see section
Properties Areand theList of Portsin the index section of the user’s guide).

A single class hierarchy is usually figured as an upside-doea i.e. with the root at the top. Thus
the dataclass tree is the one to which the information as to which ggsing module is applicable
to which data object is hooked. Its classes reflect the madtieah structure of the object models
supported byamira. For example, scalar fields and vector fields are such smesfand derived from
a common “field” class which represents a mappiig— R". Deriving a sub-class from this base
class requires a value to be specifiedsior

At the same time fields defined on Cartesian grids are digshgd from fields defined on tetrahedral
grids, i.e., this distinction is part of the classificatiawheme that gives rise to branches in teta
class subtree. In the next section of this chapter you walidenore about thdataclass hierarchy. In
the second section we discuss how some data types frequsetlyfor various visualization tasks fit
into it.

Internally, all class names begin with a prefix. However, you don’t have to remember these names
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unless you want to use the command shell to create objectex@mple, a bounding box is usually
created by choosing tigoundingBoxtem from the pop-up menu of a data object that is to be visual-
ized, but you may also create it by typiogeate HxBoundingBox  in the command window.

3.2.2 Scalar Field and Vector Fields

The most important fields iamira are three-dimensional ones. These fields are defined onarcert
domainC R?. A field can be evaluated at any point inside its domain. Ifftal is defined on a
discrete grid, this usually involves some kind of interpiola.

3.2.2.1 Scalar Fields

A 3D scalar field is a mapping® — R. The base class of all 3D scalar fieldsamira is HxS-
calarField3 Various sub-classes represent different ways of definiscpéar field. There are a num-
ber of visualization methods for them, for example pseudlofing on cutting planes, iso-surfacing,
or volume rendering. However, many visualization modutegmira rely on a special field represen-
tation. Therefore, they can only operate on sub-classesgeharal scalar field. Whenever a given
geometry is to be pseudo-colored, any kind of scalar fieldbmaased (cf.Colorwash GridVolume
Isosurfacg

The clasHxTetraScalarField3epresents a field which is defined on a tetrahedral grid. ©h g&ad
vertex a scalar value, e.g., a temperature, is defined. ¥as®ociated to points inside a tetrahedron
are obtained from the four vertex values by linear interfiaa This class does not provide a copy of
the grid itself, instead a reference to the grid is provideds is indicated in the Pool by a line which
connects the grid icon and the field icon. As a consequencadadifined on a tetrahedral grid cannot
be loaded into the system if the grid itself is not alreadyspre.

The clasHxRegScalarField8epresents a field which is defined on a regular Cartesian §udh a
grid is organized as a three-dimensional array of nodesidmtost simple case these nodes are axis-
aligned and have equal spacings. The coordinates of sudfoamigrid can be obtained from a simple
bounding box containing the origin vector and incrementsafbdirections. Stacked coordinates are
another example. Here the spacing in z-direction betwebsesjuent slices may be different. In any
case scalar values inside a hexahedral grid cell are obté&io the eight vertex values using trilinear
interpolation. While theOrthoSlicemodule can only be used to visualize scalar fields with umifor
or stacked coordinates, other modules I®bliqueSliceor Isosurfacenork for all scalar fields with
regular coordinates.

Yet another example of a scalar field is the clabsAnnaScalarField3It represents an analytically
defined scalar field. To create such a field, sesalarFieldfrom the Createmenu ofamira’s main
window. You have to specify a mathematical expression wigalhsed to evaluate the field at each
requested position. Up to three other fields can be connéztbe object. These can be combined to
a new scalar field, even if they are defined on different grids.
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3.2.2.2 Vector Fields

As for scalar fieldsamira provides a number of vector field classes, these are deneedthe base
classesHxVectorField3and HxComplexVectorField3 While ordinary vector fields return a three-
component vector at each position, complex vector fieldsrmed six-component vector. Complex
vector fields are used for encoding stationary electromtigwave pattern as required by some appli-
cations. Usually complex vector fields are visualized byjgmting them into the space of reals using
different phase offsets. Théectorsmodule even allows you to animate the phase offset. In thysava
nice impression of the oscillating wave pattern is obtained

3.2.3 Coordinates and Grids

amira currently supports two important grid types, namely gridéwhexahedral structure (regular
grids), and unstructured tetrahedral grids. Other types, enstructured grids with hexahedral cells
or block-structured grids will be added in future releasfearoira.

3.2.3.1 Regular Grids

Aregular grid consists of a three-dimensional array of so@&ch node may be addressed by an index
triple (i,j,k). Regular grids are further distinguished according to tine kf coordinates being used.
The most simple case comprisesformcoordinates, where all cells are assumed to be rectangwdar a
axis-aligned. Moreover, the grid spacing is constant akaxh axis. A grid withstackedcoordinates
may be imagined as a stack of uniform 2D slices. However, iftamce between neighboring slices
in z-direction may vary. In case oéctilinear coordinates the cells are still aligned to the axes, but the
grid spacing may vary from cell to cell. Finally, in casecofvilinearcoordinates each node of the grid
may have arbitrary coordinates. Grids with curvilinearrctioates are often used in fluid dynamics
because they have a simple structure but still allow for eteumodeling of complex shapes like rotor
blades or airfoils.

3.2.3.2 Tetrahedral Grids

The TetraGrid class represents a volumetric grid composed of many tetrahs. Such grids can
generally be used to perform finite-element simulatiorgs, &-field simulations.

A considerable amount of information is maintained imesraGrid For each vertex a 3D coordinate
vector is stored. For each tetrahedron the indices of its Vettices are stored as well as a number
indicating the segment the tetrahedron belongs to as @utdig a segmentation procedure. Beside
this fundamental information a number of additional valeabare stored in order for the grid being
displayed quickly. In particular all triangles or faces st@red separately together with six face indices
for each tetrahedron. In addition for each face pointerbeédwo tetrahedrons it belongs to are stored.
This way the neighborhood information can be obtained effiity.

When simulating E-fields using the finite-element methoe gitiges of a grid need to be stored explic-
itly, because vector or Whitney elements are used. Theseeels and its corresponding coefficients
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are defined on a per-edge basis. When a grid is selected iafiomon the number of its vertices,
edges, faces, and tetrahedrons is displayed.

3.2.4 Surface Data

amira provides a special-purpose data class for representiagguiar surfaces, calleldxSurface
This class is documented in more detail in the index sectfaheouser’s guide. For the moment, we
only mention that the class maintains connectivity infotioraand that it may represent manifold as
well as non-manifold topologies.

The surface class provides a rich set of Tcl commands. It isoa @xample of ammira data class
that does not simply store information, but allows the useyuery and manipulate the data by means
of special-purpose methods and interfaces.

3.2.5 Vertex Set

Another example of data abstraction and inheritance is\vifrgexSeltclass. Many data objects in
amira are derived from this class, e.g., landmark sets, molecsigfaces, or tetrahedral grids. All
these objects provide a list of points with x-, y-, and z-cates. Other modules which require a list
of points as input only need to access YegtexSebase class, but don’t need to know the actual type
of the data object.

One such example of a generic module operatingemexSebbjects is the/ertexViewmodule. This
module allows you to visualize vertex positions by drawigscor little spheres at each point.

3.2.6 Transformations

Data objects ilamira can be modified using an arbitrary affine transformation. é&@mple, this
makes it possible to align two different data objects so tthey roughly match each other. Internally,
affine transformations are represented by a 4x4 transfawmatatrix. In particular, a uniform scalar
field remains a uniform scalar field, even if it is rotated oeated. Display modules lik@rthoSlice
still can exploit the simple structure of the uniform fielchépossible transformation is automatically
applied to any geometry shown in the 3D viewer.

In order to interactively manipulate the transformatiorinmaise theTransform Editofdocumentation
is contained in the index section of the user’s guide).

Be careful when saving transformed data sets! Most file ftgrda not allow to store affine transfor-
mations. In this case you have to apply the current transittom to the data. This can be done using
the Tcl-commandapplyTransform . In case ofvertex set objectthe transformation is applied to
all vertices. Old coordinates are replaced by new ones tanansformation matrix is reset to identity
afterwards. After a transformation has been applied to a skt it cannot be unset easily anymore.

If a transformation is applied to uniform fields, e.g., to 3Daige data, the coordinate structure is
not changed, i.e., the field remains a uniform one. Instdaeldata values are resampled, i.e., the
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transformed field is evaluated at every vertex of the finalle@ggrid. The bounding box of the resulting
grid is modified so that it completely encloses the transéamriginal box.

3.2.7 Parameters

For any data object an arbitrary number of additional patarser attributes may be defined. Param-
eters can be interactively added, deleted, or edited ubimgdrameter editorParameters are useful
for example to store certain parameters of a simulation anagxperiment. In this way the history of
a data object can be followed.

There are certain parameters which are interpreted by aewmira modules. The meaning of these
parameters is summarized in the following list:

e Colormap name
This specifies the name of the default colormap used to viruthe data. Some modules
automatically search the Pool for this colormap and for g¥arase it for pseudocoloring.

e DataWindow minVal maxVal
This indicates the preferred data range used for visualittie data. The OrthoSlice module
automatically maps values belaninVal to black and values abowveaxVal to white.

e LoadCmd cmd
This parameter is usually set by import filters when a datadili$ read. It is used when saving
the current network into a file and it allows to restore theeabautomatically. Internal use only.

Note that there are many file formats which do not allow toesjoarameters. Therefore, informa-

tion might get lost when you save the data set in such a forthat. doubt, use theamira specific
AmiraMeshformat.
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Chapter 4

Technical Information

This chapter contains technical information abauira which is not covered in the previous chapters.

Data Import

Command Line Options
e Environment Variables
amira start-up script
System Requirements

4.1 Data Import

Usually, one of the first thingamira users want to know is how to import their own data into the
system. This section contains some advice intended to basask.

In the simplest case, your data is already present in a stttk format supported bamira. To
import such files, simply use thiéle Load menu. Alist of all supported formatsan be found in the
index section of the user’s guide. Usually, the system reizeg the format of a file automatically
by analyzing the file header or the filename suffix. If a supggbformat is detected, the file browser
indicates the format name.

Often, 3D image volumeare stored slice by slice using standard 2D image formats ascTIFF
or JPEG. In case of medical images, slices are commonlydsiorBCR-NEMA or DICOM format.
If you select multiple 2D slices simultaneously in the filewser, all slices will automatically be
combined into a single 3D data set. Simultaneous selectiomoist easily achieved by first clicking
the first slice and then shift-clicking the last one.

If your data is not already present in a standard file formapsued byamira you will have to
write your own converter or export filter. For many data olgesuich as 3D images, regular fields,



or tetrahedral gridamira’s native AmiraMeshformat is most appropriate. Using this format you can
even represent point sets or line segments for which themaridly any other standard format. The
AmiraMesh documentatioexplains the file syntax in detail and contains examples of twoencode
different data objects. One importaamira data type, triangular non-manifold surfaces, cannot be
represented in AmiraMestfile but has its own file format calledxSurfacgormat.

Finally, in case of images or regular fields with uniform adioates you may also redunary raw
data Note that for raw data the dimensions and the bounding bttxeoflata volume must be entered
manually in a dialog box which pops up after you have seletttedile in the file browser.

4.2 Command Line Options

This section describes the command line options underdig@anira. In general, on Unix systems
amira is started via thestart  script located in the subdirectobin . Usually, this script will be
linked to /usr/local/bin/amira or something similar. Alternatively, the user may define an
aliasamira pointing tobin/start

On Windows systemsamira is usually started via the start menu or via a desktop
icon. Nevertheless, theamira executable may also be invoked directly by calling
bin/arch-Win32-Optimize/amira.exe . In this case, the same command line options as
on a Unix system are understood.

The syntax ofamira is as follows:
amira [options] [files ...]

Data files specified in the command line will be loaded autcaby. In addition to data files, script
files can also be specified. These scripts will be executed wieeprogram starts.

The following options are supported:

e -help
Prints a short summary of command line options.

e -version
Prints the version string amira.

e -no _stencils
Tellsamira not to ask for a stencil buffer in its 3D graphics windows. STaption can be set to
exploit hardware acceleration on some low-end PC grapluasds.

e -no _overlays
Tells amira not to use overlay planes in its 3D graphics windows. Usedpt®n if you expe-
rience problems when redirectiagnira on a remote display.

e -NO _gui
Starts upamira without opening any windows. This option is useful for extogia script in
batch mode.
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e -logfile filename
Causes any messages printed indbesole windovalso to be written into the specified log file.
Useful especially in conjunction with theo _gui option.

e -depth _size number
This option is only supported on Linux systems. It speciffes preferred depth of the depth
buffer. The default on Linux systems is 16 bits.

e -style=  {windows | motif | cde } This option sets the display style amira’s Qt
user interface.

e -debug This options applies to the developer version only. It causeal packages to be
executed in debug version. By default, optimized code vallked.

e -cmd command [-host hostname] [-port port]
Send Tcl command to a runniragnira application. Optionally the host name and the port
number can be specified. You must tyapp -listen in the console window oamira
before commands can be received.

4.3 Environment Variables

In order to execut@amira no special environment settings are required. On Unix gystgome en-
vironment variables like the shared library path or #imira root directory are set automatically by
theamira start script. Other environment variables may be set by see im order to control certain
features. These variables are listed below. On Unix sysemmsonment variables can be set using
the shell commandsetenv (csh or tcsh) oexport  (sh, bash, or ksh). On Windows environment
variables can be defined in the system properties dialogduViss 2000/XP).

¢ AMIRADATADIR
A list of data directory names separated by semico[gns on Windows systems and colons
[[] on Unix systems. The first directory will be used as the defditdctory of the file dialog.
Other directories are quickly accessible via the file diglpgth list.

e AMIRATEXMEM
Specifies the amount of texture memory in megabytes. If thigble is not set some heuristics
are applied to determine the amount of texture memory aailan a system. However, these
heuristics may not always yield a correct value. In such sése performance of theoltex
module might be improved using this variable.

¢ AMIRAMULTISAMPLE
On high-end graphics systems like SGI Onyx, a multi-samjdeal is used by default. In
this way, efficient scene anti-aliasing is achieved. If yaanwto disable this feature, set the
environment variablAMIRAMULTISAMPLEo 0. Note that on other systems, especially on
PCs, anti-aliasing cannot be controlled by the applicabiatinhas to be activated directly in the
graphics driver.
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¢ AMIRANQOVERLAYS
If this variable is setamira will not use overlay planes in its 3D graphics windows. Theea
effect can be obtained by means of the _overlays command line option. Turn off overlays
if you experience problems with redirectiagiira on a remote display, or if your X server does
not support overlay visuals.

¢ AMIRANQSPLASHSCREEN
If this variable is setamira will not display a splash screen while it is initializing.

¢ AMIRALOCAL
Specifies the location of the locamira directory containing user-defined modules. 10 routines
or modules defined in this directory replace the ones defiméloei mainamira directory. This
environment variable overwrites the loaahira directory set in the development wizard (see
amira programmer’s guide for details).

¢ AMIRASMALLFONT
Unix systems only. If this variable is set a small font will bged in all ports being displayed in
the Properties Areaven if the screen resolution is 1280x1024 or bigger. Byu&fthe small
font will be used only in case of smaller resolutions.

e AMIRAXSHM
Unix systems only. Set this variable to 0 if you want to sugptthe use of the X shared memory
extension iramira’s image segmentation editor

¢ AMIRASPACEMOUSE
This variable has to be set in order to support a spaceballpacesnouse device (see
www.spacemouse.cdnWith the spacemouse you can navigate in the 3D viewer windwo
modes are supported, a rotate mode and a fly mode. You carhdweitween the two modes by
pressing the spacemouse buttons 1 or 2.

¢ AMIRASTEREQONDEFAULT
If this variable is set the 3D viewer will be opened in Open@lvrstereo mode by default. In
this way some screen flicker can be avoided which otherwisersavhen switching from mono
to stereo mode. Currently the variable is supported on Uystesns only.

e TMPDIR
This variables specifies in which directory temporary datausd be stored. If not set, such data
will be created undetmp . Among others, this variable is interpreteddayira’s job queue.

4.4 User-defined start-up script

amira may be customized in certain ways by providing a user-defgtad-up script. The default
start-up script, calleAmira.init , islocated in the subdirectoshare/resources of theamira
installation directory. This script is read each time thegoam is started. Among other things, the
start-up script is responsible for registering file formatodules, and editors and for loading the
default colormaps.

If a file called Amira.init is found in the current working directory, this file is readtimad of the
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default start-up script. If no such file is found, on Unix &8s it is checked if there exists a start-up
script called Amira in the user’'s home directory. Below an example of a user-ddfatart-up script
is shown:

# Execute the default start-up script
source $AMIRA _ROOT/share/resources/Amira.init 0

# Set up a uniform black background
viewer 0 setBackgroundMode 0
viewer 0 setBackgroundColor black

# Choose non-default font size for the help browser
help setFontSize 12

# Restore camera setting by hitting F2 key
proc onKeyF2 { } {
viewer setCameraOrientation 1 0 0 3.14159
viewer setCameraPosition 0 0 -2.50585
viewer setCameraFocalDistance 2.50585

}

In this example, first the system’s default start-up scegbiecuted. This ensures thatathira objects

are registered properly. Then some special settings are.nfradally, a hot-key procedure is defined
for the function key F2. You can define such a procedure foiodimgr function key as well. In addition,
procedures likeonKeyShiftF2  or onKeyCtrIF2 can be defined. These procedures are executed
when a function key is pressed with the Shift or the Ctrl medifiey being pressed down.

4.5 System Requirements

amira runs on Microsoft Windows 2000/XP, Linux (Red Hat Enterpr&0), Mac OS X Tiger (10.4),
Sun Solaris 8 and 9, HP-UX 11.00, SGlI Irix 6.5.x.

amira relies on fast hardware-accelerated OpenGL 3D graphicsstiagly recommend hardware
texture mapping, since many visualization toolsamira rely on it. Hardware texture mapping is
available, on all recent PC 3D graphics boards. On Unix gysteis available for example, on SGI
02, Octane and Onyx systems, on HP workstations with fx/8,dx fx/10 graphics, or on Sun Creator
3D, Elite, Expert 3D or newer graphics boards. For detaileamware acceleration, see below.

Apart from 3D graphics hardware probably, the most impdrsgstem parameter is main memory.
You should have at least 512 MB, preferably 2 GB or m@mira can also be started with less than
512 MB but it may decrease global performance.

The speed of the processor of course is also an importantnesea However it is less critical than
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the graphics system and the main memory size. For the PQGmnersive recommend at least a 2 GHz
processor.

4.5.1 On System Stability

amira is a very demanding application that extensively uses bigthfeatures. Experience shows that
such applications tend to reveal instabilities in systemaWware, hardware drivers, and the operating
system. A common problem is insufficient main memory. We mnew@nd you configure enough swap
memory in addition to physical memory. The total amount ofudal memory should be at least 1 GB.
2 GB would be even better.

Especially on PC platforms, OpenGL drivers today are oftenas robust as desired. Also, system
crashes due to bad memory chips or unstable power-supphoarare. If you experience problems
or instabilities withamira on your Windows platform, we recommend that you follow thet&ps:

1. Click on all the demo scripts in the Online User’s Guideh# system crashes, turn off hardware
acceleration (choose thextendedbutton from the Windows display settings dialog) and try
again. If this eliminates the problem, there is a bug in yope@GL driver. Try to get a new
driver from the web site of the manufacturer of your graphicard.

2. Try using a different color depth in the Windows displaitisgs dialog. Try 24 or 32 bit.

3. Load thelobus.am data set and visualize it with a Voltex module. Turn on the sptation
(turn it with the mouse in the viewer and release the moudembuthile moving the mouse, so
that the object continues moving). Let it run overnightiitoff the screen saver). If the system
has crashed or frozen the next morning, you probably havedwlaae problem.

If this does not help, or if a reproducible error occurs offiedldnt computers, then it might be a bug in
theamira software itself. Please report such bugs so that they calirbimated in the next release or
a patch can be prepared.

4.5.2 Microsoft Windows

amira runs on Intel or AMD-based systems with Microsoft Window®@G@nd Microsoft Windows
XP.

Graphics Hardware: You should use a graphics board with OpenGL support andrexhapping
capabilities. Both is the case for almost all newer 3D baards

4.5.3 Silicon Graphics

Graphics Hardware: To get optimal graphics performance, the machine shoulda@titexture map-
ping in hardware Currently this is the case for all O2 systems, and for Ocwrstems with High
Impact, Maximum Impact (not Solid Impact) and Odyssey giegphamira provides a number of
modules which make use of texture mapping, e.g., slicingu@s-coloring, or volume rendering. On
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machines without hardware texture mapping, these moditless @un much slower or may not work
at all. The advantage of the Octane is a higher speed in polsggalering. For a complex model with
an isosurface of 100,000 triangles, the frame rate is 10gu@oral for an Octane, compared to 3 per
second for an O2. The MXE and MXI Octanes have larger textuemary than the SSE and SSI.
Thus the MXE and MXI enable a direct volume rendering using@Bures, which is not possible on
an SE, Sl or O2.

Software: The current version admira requires IRIX 6.5.x or higher. We recommend you install the
newest version of the operating system (s&p://www.sgi.com/support ).

454 HP-UX

amira performs pretty well on HP workstations equipped with Vigzefx/4, fx/6+, and fx/10 graphics
cards under HP-UX 11.00. Probably it will run on other maekiras well provided the OpenGL
runtime environment has been installed. In any case we neword to install the texture acceleration
option for your graphics system (hardware texture mappiegpecially if you intend to work with
large 3D image data sets.

Important: By default some HP workstations are configured with a datlsizt of 64 MB for each
process. In order to load reasonable data sets, you shaushie this value to 1 GB and the stack size
to 128 MB. Do this by modifying the values in sam/Kernel Coafagtionmaxdsiz=0x80000000,
ssiz=0x8000000, tssiz=0x8000000

455 SunOS

amira runs on Sun workstations with Solaris 8 or Solaris 9.

amira is successfully being used on systems with Creator 3D, BlteExpert 3D, and Zulu graphics
boards. It runs on a simple Creator graphics boards as welkeMer, since no hardware texturing is
available, performance is limited.

45.6 Linux

The Linux version ofamira as been developed and tested on Red Hat Enterprise LinuO8.0ther
Linux distributions this version might not run because @iarrequired system libraries are missing
or because different versions of these libraries are ilestaFor more information please refer to the
resources section drttp://www.mc.com/tgs

There is also a version for Linux IA64 or AMD64 systems. Thession has been compiled and tested
on the Red Hat Enterprise Linux 3.0 distribution.

amira works with the current 3D graphics drivers from nVidia and Afhder XFree86 4/Xorg. It has
also been successfully tested with other X-servers lik@éccelerated-Xervers from Xl graphics.

Note: After a standard installation of Red Hat Enterprise 3.0dheare acceleration is not necessarily
activated, although X-Windows arainira may work fine. To enable OpenGL hardware acceleration
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specific drivers may have to be installed, like the nVidiaelrs fromhttp://www.nvidia.com
This can increase rendering performance by an order of matmi Sometimes it is necessary to
disable the stencil buffers (by startiagnira with the option -nastencils) to get acceleration.

457 Mac

The Mac version oimira has been developed and tested on Mac OS X Tiger (10.4). Onlatee
Mac releases this version might not run because certainresbgystem libraries may be different. For
more information please refer to the resources sectiamttp//www.mc.com/tgs

amira works with the current Mac 3D graphics drivers from nVidialaXT|.

In any caseamira requires an X server resolution of at least 1024x768 andaat [&5 bits of color
depth. We strongly recommend 1280x1024 with 24-bit colqtdat least.

Please note that if software rendering is used, renderirignpeance may drop significantly, especially
for visualization techniques like volume rendering.

4.6 amira and the /3GB switch

This page describes problems and possible solutions defatthe usage of large data setsaimira
4.0 on computers running Windows XP. If you frequently enteudialogs iramira such as "cannot
allocate xxxxxx bytes of memory” although you think you hareough physical memory installed,
then the information provided on this page might be usefuy .

The Problem:

Any 32-bit operating system such as Windows (NT4.0, 2000) &PLinux can manage at most 4

gigabytes (GB) of memory. Windows divides this addressapéee into 2 GB reserved for usage by
the system only and 2 GB for any user application. Theretos@gle application can use at maximum
2 GB of memory. Note that this is independent of the actuabpiay memory, i.e., it does not matter

whether the system has 1, 2, 3 or 4 GB of memory installed. ivitre 2 GB reserved for the user,

the software itself (executable and all of its DLLs) and &lite data has to fit. This makes clear that
it is impossible for a Windows program to load 2 GB of data atreet

To overcome this, Microsoft has provided a boot option fontidiws that alters partitioning of address
space so that 3 GB are reserved for the user and 1 GB for thensy&infortunately, however, this

boot option is not compliant with most Windows XP instalteits at level SP1. A description of the
problem is given here. Microsoft has fixed the problem wistciirrent Service Pack 2.

How to activate the /3GB switch:

It should be noted that we cannot guarantee that the follpweiranges to be made in your system will
not affect the execution of other programs although we hatdound any incompatibilities so far.
We also wish to stress that we assume no responsibility fplass of data as a consequence of those
changesWe therefore strongly recommend that you back up your systéone making these changes.
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All you need to do is to edit the file C:/boot.ini. To do so, makee that you are logged on your
machine with administrative privileges. Then select frof@rS> SettingssControl Panel>System-
>Advanced>(Startup and Recovery) Settings and click the Edit buttompli@ate the line under
[operating systems]. Change the name between the quotesddritie "/3GB” switch right after the
"[fastdetect” switch. The new entry might look then simitarthis:

[operating systems]

multi(0)disk(0)rdisk(0)partition(1)\WINDOWS="Micros oft Windows XP \
Professional" /fastdetect
multi(0)disk(0)rdisk(0)partition(1)\WINDOWS="Micros oft Windows XP \

Professional 3GB" /fastdetect /3GB

Note that for the usage of the /3GB boot option the applicatust be aware of the altered memory
assignment. Foamira 4.0 there is already native support for the /3GB boot optibgou are using
an older version odmira, we strongly recommend updating to 4.0.

Now, as you boot up your computer, a screen is displayed thes gou the choice between two boot
options. Use the arrow keys to select the entry with the "3@Bthe line and press returramira
should now be able to address 3 GB of memory instead of theild&#B. You can appreciate this
by comparing the result of "app maxmalloc” in theira console window with and without the 3 GB
option. On a typical installation with 1 GB of memory installand without the /3GB switch, the
command "app maxmalloc” may result in something like this:

Allocated chunk of 942 MB.
Allocated chunk of 225 MB.
Allocated chunk of 129 MB.
Allocated chunk of 121 MB.
Allocated chunk of 72 MB.
Allocated a total of 1723 MB in 25 chunks

With the /3GB switch on the same installation, the commasdlts in the following:

Allocated chunk of 1023 MB.
Allocated chunk of 919 MB.
Allocated chunk of 225 MB.
Allocated chunk of 111 MB.
Allocated a total of 2278 MB in 4 chunks

What you can see is that the total amount of allocatable mgimas not changed dramatically. How-
ever, with the /3GB switch, the second largest chunk of mgrisonearly as large as the first one.
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Chapter 5

Scripting

5.1 Introduction

This chapter is intended for advancadira users only. If you do not know what scripting is, it is very
likely that you will not need the features described in thigter.

Beside the interactive control via the graphical user fata, most of themira functionality can also
be accessed using specific commands. This allows you to atgorertain processes and to create
scripts for managing routine tasks or for presenting denamsira’s scripting commands are based
on Tcl, theTool Command LanguageThis means you can write command scripts using Tcl with
amira-specific extensions.

amira commands can be typed into theira console window, as described in Sect®1.2 Com-
mands typed directly into the console window will be exedutemediately. Alternatively, commands
can be written into a text file, which can then be executed alsaer

This chapter is organized as follows:

Section5.2 (Introduction to Tcl) gives a short introduction to the Tctipting language. This section
is not veryamira specific.

Section5.3 (amira Script Interface) explainamira-specific commands and concepts related to script-
ing. This includes aeference of global commands

Section5.4 (amira Script Files) explains the different ways of writing and extng script files in-
cluding references to script objects, resource files, andtfon-key bound Tcl procedures.

Section5.5(Configuring Popup Menus) describes how the popup menu obgaeiocan be configured
using script commands, and how new entries causing a sorijg executed can be created.

Section5.6 (Registering pick callbacks) describes how script callsazan be attached to objects or
viewers and be invoked on user pick events.



Data Type: Script Objeatescribes how to use Tcl scripts for defining custom moduiastave their
own graphical user interface and can be used like the budtvira objects.

5.2 Introduction to Tcl

This chapter gives a brief introduction to the Tcl scriptiagguage. If you are familiar with Tcl you
can skip this section. However please notice that instedldeqgfuts command usecho for output
to theamira console.

This chapter is not intended to cover all details of the lagguu For a complete documentation or
reference manual of the Tcl language refer to a text book Tigkeand the Tk Toolkiby John K.
Ousterhoutthe creator of Tcl. Like many other books about Tcl this alseers the Tk GUI toolkit.
Note that Tk is not used iamira.

Alternatively you can easily find Tcl documentation and refeee manuals on the internet e.g. at
www.scriptics.com or looking up keywords lik&cl tutorial or Tcl documentation
with a search engine likeww.google.com

When you type Tcl commands into thenira console they will be executed as soon as the return key
is pressed. Use the completion and history functions peal/tdy theamira console, as described in
Section3.1.9(console window).

5.2.1 Tcl Lists, Commands, Comments

First, please note that Tcl is case sensitse&t andSet are not the same.

A Tcl command is a space-separated list of words. The firstlwepresents the command name,
all further words are treated as arguments to that commarsdanAexample try thamira-specific
commandecho which will print all its arguments to thamira console. Try typing

echo Hello World

This will output the stringHello World Note that Tcl commands can be separated by a semi-colon
(;) or a newline character. If you want to execute two sudgegho commands, you can do it this
way:

echo Hello World ; echo Hello World2
or like this:

echo Hello World
echo Hello World2
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Instead of a command, you can also place a comment in Tcl cAdsomment starts with a hash
character#) and is ended by the next line break:

# this iIs a comment
echo Hello World

5.2.2 Tcl Variables

In Tcl variables can be used. A variable represents a cestaia or value. Using Tcl code, the value
of the placeholder can be queried, defined, and modified. fioeda variable use the command

set name value
e.g.

set il
set myVar foobar

Note that in Tcl internally all variables are of string tyf&ince the set command requires exactly one
argument as the variable value you have to quote valuesdhétio spaces:

set Output "Hello World"
or
set Output {Hello World}

In order to substitute the value of a variable with nawvaename a $ sign has to be put in front of
that name. The expression $varname will be replaced by tlue wd the variable. After the above
definitions,

echo $Output

would print
Hello World

in the console window, and
echo "$i.) $Output”

would yield the output.) Hello World Note that variable substituion is performed for stringsted
in", while it is not done for strings enclosed in bragés Even newline-characters are allowed ifi a
} enclosed string. Note however that it is not possible to fppaulti-line commands into thamira
console.

Introduction to Tcl 121



5.2.3 Tcl Command Substitution

To do mathematical computations in Tcl you can use the condreapr which will evaluate its
arguments and return the value of the expression. Exampdes a

expr 5/ (7 + 3)
expr $i + 1

In order to use the result of a command ldegor for further commands an important Tcl mechanism
has to be used: command substitution, denoted by brackefmi} list enclosed in brackets [] will
be executed as a separate command first, and the [...] conaiitube replaced with theesult of
the command. This is similar to the *..." construct in Unixnemand shells. For example, in order to
increase the value of the variable i by one you can use:

set i [expr $i + 1]

Of course, command expressions can be arbitrarily nesteel ofider of execution is always from the
innermost bracket pair to the outermost one:

echo [expr 5 = [expr 7 + [expr 3+3]]]

5.2.4 Tcl Control Structures

Further important language elements éwelse  constructsfor - andwhile - loops. These con-
structs typically are multi-line constructs and can therefnot conveniently be typed into tlaenira
console. If you want to try the examples shown below, writmnitinto a file likeC:\test.txt by
using a text editor of your choice, and execute the file byrtgpi

source C:\test.txt

We start with théf-then ~ mechanism. Itis used to execute some aomielitionally, only if a certain
expressiorevaluates to “true (meaning a value different from 0):

set a 7
set b 8
if {$a < $b} {

echo "$a is smaller than $b
} elseif {$a == $b} {

echo "$a equals $b"
} else {

echo "$a is greater than $b"
}
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Theelseif andelse parts are optional. Multiplelseif  parts can be used, but only a sindle
andelse part.

Another important construct is the conditional loop. Likeif command, itis based on checking a
conditional expression. In contrastifo, the conditional code is executed multiple times, as long as
the expression evaluates to true:

for {set i 1} {$i < 100} {set i [expr $i * 2]} {
echo $i
}

In fact this code is identical to:

set il
while {$i < $100} {

echo $i

set $i [expr $i * 2]
}

both loops would produce the outgut2, 4, 8, 16, 32, 64

If you want to execute a loop for all elements of a list, theranother very convenient command for
that:

foreach x {1 2 4 8 16 32 64} {
echo $x

}

This will generate the same output as the previous examplee Mhat the expression enclosed in
braces is a space-separated list of words.

User-Defined Tcl Procedures

A new function or procedure is defined in Tcl using irec command. Proc takes two arguments: a
list of argument names, and the Tcl code to be executed. Opoecadure is defined, it can be used
just like any other Tcl command:

proc computeAverageA {a b} {
return [expr ($a+$b)/2.0]

}

proc computeAverageB {a b c} {
return [expr ($a+$b+$c)/3.0]

}
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echo "average of 2 and 3: [computeAverageA 2 3]"
echo "average of 2,3,4: [computeAverageB 2 3 4]"

As you can see in the example, the argument list defines thesiéon local variables that can be
used in the body of the procedure (ebg). Thereturn command is used to define the result of the
procedure. This result is the value that is used in the condrbesicket substitutiof] .

If you want to define a procedure with a flexible number of argats, you must use the special
argument namargs . If the argument list contains just this word, the newly dedicommand will
accept an arbitrary number of arguments, and these argamenpassed adiat calledargs :

proc computeAverage args {
set result O
foreach x $args {
set result [expr $result + $x]
}

return [expr $result / [llength $args]]

In this example, thdength  command returns the number of elements contained iaride list.

Note that the variableesult  defined in the procedure h&scal scope, meaning that it will not be
known outside the body of the procedure. Also, the value obally defined variables is not known
within a procedure, unless that global variable is declasidg the keywordjlobal

set x 3
proc printX {} {
global x

echo "the value of x is $x"

There is much more to be said about procedures, e.g. congeanjument passing, evaluation of
commands in the context outside of the procedure, and soleasérefer to a Tcl reference book for
these advanced topics.

List and String Manipulation

Finally, at the end of this brief Tcl introduction, we comeckao the concept of lists. Basically
everything in Tcl is constructed using lists, so it is verypontant to know the most important list
manipulation commands as well as to understand some swdifésd

Here is an example of how to take an input list of numbers amdtcoct an output list in which each
element is twice as big as the corresponding element in he Iist:
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set input [list 1 2 3 4 5]
set output [list]
foreach element $input {
lappend output [expr $element * 2]

}

You can think of lists as simple strings in which the list etarts are separated by spaces. This means
that you can achieve the same result as in the previous egamiiblout using the list commands:

set input "1 2 3 4 5"

set output "™
foreach element $input {

append output "[expr $element * 2] "
}

Theappenccommand is similar ttappend but it just adds a string at the end of an existing stringt Lis
manipulation becomes much more involved when you starinehsts. Nested lists are represented
using nested pairs of braces, e.g.

set input {1 2 {345 {6 7} 8} 9}
foreach x S$input {
echo $x

}

The result of this command will be

451{67) 8

O© WwWN -

Please note that Tcl will automaticaliyiotestrings that are not single words when constructing a list.
Here is an example:

set i [list 1 2 3]
lappend i "4 5 6"
echo $i

will yield the output

123{45 6}
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You can use théndexcommand to access a single element of a listlextakes two arguments: the
list and the index number of the desired element, startirtly Qi

set i [list a b c d €]
echo [lindex $i 2]

will yield the resultc.

5.3 amira Script Interface

Although the Tcl language is not intrinsically object otied, theamira script interface is. There
is one command for each object in thmira Pool. In addition there are sevembbal commands
associated with global objects@mira such as th&ieweror theamira .

A command associated with an object in the Pool (e.g., andStibe module or an Isosurface module)
only exists while the object exists. These commands ardiaito the name of the object as displayed
in the Pool. Typically the script interface of a specific abjeontains many different functions. The
general syntax for aamira object-related command is

<object-name> <command-word> <optional-arguments> ...

For example, if an object called GlobalAxis exists (choosWAXxis from theamira menu) then you
can use commands like

GlobalAxis deselect
GlobalAxis select
GlobalAxis setlconPosition 100 100

Remember to use the completion and history functions peaviy theamira console, as described in
Section3.1.9(console window) to save typing.

If you have already usedmira you have noticed that the parameters and the behavior afrara
module are controlled via ifsorts The ports provide a user interface to change their valuesle
module is selected. All ports can also be controlled via tramand interface. The general syntax for
that is

<object-name> <port-name> <port-command> <optional-arg uments> ...
For example for the GlobalAxis you can type
GlobalAxis options setValue 1 1

GlobalAxis thickness setValue 1.5
GlobalAxis fire
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When you type in these commands you will notice that the \&ilu¢he user interface change immedi-
ately. However the module’s compute method is not called exylicitly firing the module using the
fire command. This allows you to first set values for multiple pavithout a recomputation after
each command. However, note that some modules automyptieat some of their ports for example
when a new input object is connected. In such cases you majtoeallfire after setting the value
of every single port.

Usually the name of a port is identical to the text label digpd in the graphical user interface, except
that white spaces are removed and command names start witteedase letter. To find out the names
of all ports of a specific module use the command

<object-name> allPorts

Almost all ports provide @etValue and agetValue command. The number of parameters and
the syntax of course depend on the ports.

Commands of the typgobject-name> <port-name> setValue ... make up more than
90% of a typicalamira script. However, besides the port commands mamyra objects provide

additional specific commands. The command interface forracpé&r module is described in the
User’s Reference Guide. You can quickly find the correspugngage by clicking the ?-button in the
Properties Area when the module has been selected.

As a quick-help entering an object’s name without furthetras will display all commands available
for that object. Note that this will also show undocumentetdeleased, and experimental commands.
In order to get more information about a particular modulgport command you can type it into
console window without any arguments and then press the y=1ITkés opens the help browser with a
command description.

amira objects are part of a class hierarchy. Similar to the C++ gamgning interface, also script
commands are inherited by derived classes from its bassedadhis means that a particular object
like the axis object will beside its own specific commands @liovide all the commands available in
its base classes. Links to the base class commands are gimenadules documentation.

5.3.1 Predefined Variables

There exist some variables@mira Tcl, which are predefined and have a special meaning. These ar

AMIRA.ROOT:amira installation directory.

AMIRA LOCAL: Personaamira development directoryeveloper Pack only).
SCRIPTFILE: Tcl script file currently executed.

e SCRIPTDIR: Directory in which currently executed script resides.
hideNewModules: If setto 1, icons of newly created modules will initially biltien.
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5.3.2 Object commands

The basic command interface afira modules and data objects is described in the data type chapte
of the reference part of the usersguide in @gectsection. The basic syntax of object commands is

<object> <command> <arguments> ...

where<object> refers to the name of the object ardommand> denotes the command to be
executed. Each module or data object may define its own setminands in addition to the commands
defined by its base classes. The commands described @jeetsection are provided by all modules
and data objects.

In the following sectionGlobal commandare described.

5.3.3 Global commands

This section listeamira-specific global Tcl commands. Some of these commands aneiatsd with
certain global objects iamira, such as the console window, the main window, or the viewadoiv.
Other commands are suchlaad orecho are not. These commands are described in one common
subsection. In summary, the following command sectionpereided:

e viewer command optiongiewer )

e main window command optioritheMain )

e console command optiofiheMsg )

e common commands for top-level windows

e progress bar command optioftiseWorkArea )
e application command optiorapp)

e other global commands

5.3.3.1 Viewer command options

Commands to a viewer can be entered in the console windowsyirtex is
viewer [<number>] command

where<number> specifies the viewer being addressed. The value 0 referetméin viewer and
may be omitted for convenience.

Commands

viewer [<number>] snapshot [-offscreen [<width> <height> 1
<filename>
This command takes a snapshot of the current scene and saweder the specific filename.
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The image format will be automatically determined by theeagton of the file name. The list
of available formats includes: TIFFtif,.tiff ), SGI-RGB (rgb,.sgi,.bw ), JPEG
(.jpg,.jpeg ), PNM (.pgm,.ppm ), BMP (.bmp), PNG (png ), and Encapsulated PostScript
(.eps ). If the viewer number is not given, the snapshot is takemfadl viewers, if you have
selected the 2 or 4 viewer layout from theew menu

If the -offscreen  option is specified, offscreen rendering with a maximum siz2048x2048
is used. In this case the viewer number is required evenifefi® is addressed. If the width and
height is not specified explicitly, the size of the image is trrent size of the viewer.

Caution: If you have more than one transparent object visible in tiegver and you want to use
offscreen rendering set the transparency mod&lénd Delayedind check to see if all objects are
rendered properly prior to taking a snapshot.

viewer [<number>] setPosition <x> <y>
Sets the position of the viewer window relative to the uppéirdorner of the screen. If more than
one viewer is shown in the same window the position of theaegdlwindow is set.

viewer [<number>] getPosition
Returns the position of the viewer window. If more than orewer is shown in the same window
the position of the toplevel window is returned.

viewer [<number>] setSize <width> <height>
Sets the size of the viewer window. Width and height spedifgygize of the actual graphics area.
The window size might be a little bit larger because of theveiedecoration and the window frame.

viewer [<number>] getSize
Returns the size of the viewer window without decorationwirlow frame.

viewer [<number>] setCamera <camera-string>
Restores all camera settings. The camera string shoulcebmutpbut of getCamera command.

viewer [<number>] getCamera

This command returns the current camera settings, i.eitigggsorientation, focal distance, type,
and height angle (for perspective cameras) or height (fdrographic cameras). The values are
returned asmira commands, which can be executed in order to restore the easatings. The
complete command string may also be passexttG@amera at once.

viewer [<number>] setCameraPosition <x> <y> <z>
Defines the position of the camera in world coordinates.

viewer [<number>] setCameraPosition <x> <y> <z>
Returns the position of the camera in world coordinates.

viewer [<number>] setCameraOrientation <x> <y> <z> <a>
Defines the orientation of the camera. By default, the caroeles in negative z-direction with the
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y-axis pointing upwards. Any other orientation may be sfiedias a rotation relative to the default
direction. The rotation is specified by a rotation axiszfollowed by a rotation angla (in radians).

viewer [<number>] getCameraOrientation
Returns the current orientation of the camera in the samemdor used by
setCameraOrientation

viewer [<number>] setCameraFocalDistance <value>
Defines the camera’s focal distance. The focal distancesid isscompute the center around which
the scene is rotated in interactive viewing mode.

viewer [<number>] getCameraFocalDistance
Returns the current focal distance of the camera.

viewer [<number>] setCameraHeightAngle <degrees>
Sets the height angle of a perspective camera in degreesnidlter the angle the bigger the field
of view. The command has no effect if the current camera isrrographic one.

viewer [<number>] getCameraHeightAngle
Returns the height angle of a perspective camera.

viewer [<number>] setCameraHeight <height>
Sets the height of the view volume of an orthographic camé&he command has no effect if the
camera is an perspective one.

viewer [<number>] getCameraHeight
Returns the height of an orthographic camera.

viewer [<number>] setCameraType <perspective|orthograp hic>
Sets the camera type.

viewer [<number>] getCameraType
Returns the camera type.

viewer [<number>] setTransparencyType <type>

This command defines the strategy used for rendering tremspabjects. The argumetypemay
be a number between 0 and 6, corresponding to the er@de=sen Door Add, Add Delay Add
Sorted Blend Blend Delay andBlend Sorteds described for th&iew menu

Most accurate results are obtained using mode 6, which iddfault. However, some objects may
not be recognized correctly as being transparent. In trée gau may switch them off and on
again in order to force them to be rendered last. Also, ifdiage to be rendered on a transparent
background problems may occur. In this case, you may usspaaency mode 4 and ensure the
correct rendering order manually.

viewer [<number>] getTransparencyType
This command returns the current transparency type as aenumthe range 0...6. The meaning of
this number is the same assptTransparencyType
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viewer [<number>] setBackgroundColor <r> <g> <b>

This command sets the color of the background to a specifieevalhe 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, ewghite, where the list of allowed color names is defined
in /usr/lib/X11/rgb.txt

viewer [<number>] getBackgroundColor
Returns the primary background color as an RGB triple wilhesbetween 0 and 1.

viewer [<number>] setBackgroundColor2 <r> <g> <b>
Sets the secondary background color which is used by ndorambackground modes.

viewer [<number>] getBackgroundColor2
Returns the secondary background color as an RGB triplewaities between 0 and 1.

viewer setBackgroundMode <mode>

Allows you to specify different background patterns. If nead set to 0 a uniform background will
be displayed. Mode 1 denotes a gradient background. Modaszsa checkerboard pattern to be
displayed. This might help to understand the shape of temesp objects. Finally, mode 3 draws
an image previously defined wietBackgroundimage  on the background.

viewer getBackgroundMode
Returns the current background mode.

viewer setBackgroundimage <imagefile> [<imagefile2>] [- stereo]

This command allows you to place an arbitrary raster imagetime center of the viewer’s back-
ground. The image must not be larger than the viewer windselfit Otherwise it will be clipped.
The format of the image file will be detected automaticallyikgking at the file name extension.

All formats mention for thesnapshot command are supported except of Encapsulated PostScript.
If a second image file is specified, this file will be used as et ieye image in case of active stereo
rendering. If the optionsstereo  is specified and only one image file is given, it it assumed that
this file contains a left eye view and a right eye view commaubkgide by side. These views then
will be separated automatically.

viewer getBackgroundimage

This command returns the file name of the last background eméle defined with
setBackgroundlmage . If a pair of stereo images was specified, two file names averred. If
the option-stereo  was used irsetBackgroundlmage , this option will be returned too.

viewer [<number>] setAutoRedraw <state>

If stateis 0, the auto redraw mode is switched off. In this case th@@edisplayed in the viewer
window will not be updated, unless a redraw command is séistateis 1, the auto redraw mode
is switched on again. In a script it might be useful to disdb&auto redraw mode temporarily.

viewer [<number>] isAutoRedraw
Returns true is auto redraw mode is on.
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viewer [<number>] redraw

This command forces the current scene to be redrawn. Ancéx@drawis only necessary if the
auto redraw mode has been disabled.

viewer [<number>] rotate <degrees> [x|y|z|m|u|Vv]
Rotates the camera around an axis. The axis to be taken i§ispéy the second argument. The
following choices are available:

X: the x-axis (1,0,0)

y: the y-axis (0,1,0

z: the z-axis (0,0,1)

e m: the most vertical axis of x, y, or z
u: the viewer’s up direction

v: the view direction

amira service

The last option does the same as the rotate button of thentsefaice. In most cases theoption
is most adequate. For backward-compatibility the defgalt i

viewer [<number>] setDecoration <state>

The decoration is an extended window frame that serves asraisrface. It contains buttons
and thumb wheels for adjusting the view or switching betwiegraction and viewing mode. The
decoration  command can be used to show or hide the decoration area.gHftérdecoration is
useful when multiple viewers are open and the size of a siiglging window is rather small.

viewer [<number>] saveScene <filename>

Saves all of the geometry displayed in a viewer in Open IrveBD graphics format. Warning:
Since manymira modules use custom Open Inventor nodes, the scene usualipthe displayed
correctly in external programs likieview.

viewer [<number>] viewAll

Resets the camera so that the whole scene becomes visiidenéthod is called automatically for
the first object being displayed in a viewer.

viewer [<number>] show

This command opens the specified viewer and ensures thatetiverwindow is displayed on top
of all other windows on the screen.

viewer [<number>] hide
This command closes the specified viewer.

viewer [<number>] fogRange <min> <max>
Sets a range of attenuation for the fog affect that can bedotred into a viewer scene by theew
menu The default range i), 1]. Values within this range correspond to distances of sceimgg

132 Chapter 5: Scripting



from the camera, such that points nearest to the camera laawe zero and those farthest away
have value one. Restricting the range of attenuation méanhattenuation will start at points where
the specified minimum is attained and reach its maximum attpevhere the specified maximum
is attained. Maximum attenuation by fog is equivalent tasibility, thus all points beyond that
maximum will appear as background.

viewer [<number>] setVideoFormat pal|ntsc
Sets the size of the viewer window according to PAL 601 or NTBBT resolution, i.e., 720x576
pixels or 720x486 pixels. The current setting of the de¢onds taken into account.

viewer [<number>] setVideoFrame <state>

If stateis 1, a frame is displayed in the overlay plane of the viewdris Trame depicts the area
where images recorded to video are safely shown on vide@pdapettingtateto 0 switches the
frame off. Note: Objects displayed in the overlay planesratesaved to file with thenapshot
command (see above).

5.3.3.2 Main window command options

The commandheMain allows you to access and control taenira main window. Besides the
specific command options listed below also all sub-commadistid in Section5.3.3.4(Common
commands for top-level windows) can be used.

Commands

theMain snapshot filename

Creates and saves a snapshot image of the main window. Thatfof the image file is determined
from the file name extension. Any standard image file formppsuted byamira can be used, e.g.,
Jpg ,.tif ,.png ,or.bmp.

theMain setViewerTogglesOnlcons {011 }
Enables or disables the display of the orange viewer togglexbject icons in thamira Pool.

theMain ignoreShow [0|1]

Enables or disables the special purponseshow flag If this flag is set, subsequemainWindow
show commands are ignored. This can be useful to run stanaiaica scripts in aVR Pack
environment. Calling the command without an argument jesirns the current value of the flag.

5.3.3.3 Console command options

The commandheMsg allows you to access and control thenira console window. Besides the
specific command options listed below also all sub-commadistid in Section5.3.3.4(Common
commands for top-level windows) can be used.
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Commands

theMsg error <message> [<btnO-text>] [<btnl-text>]

[<btn2-text>]

Pops up an error dialog with the specified message. The dialodpe configured with up to three
different buttons. The command blocks until the user preadautton. The id of the pressed button
is returned.

theMsg warning <message> [<btnO-text>] [<btnl-text>]

[<btn2-text>]

Pops up a warning dialog with the specified message. Thegdialo be configured with up to three
different buttons. The command blocks until the user pieadautton. The id of the pressed button
is returned.

theMsg question <message> [<btnO-text>] [<btnl-text>]

[<btn2-text>]

Pops up a question dialog with the specified message. Thegdiain be configured with up to
three different buttons. The command blocks until the usesges a button. The id of the pressed
button is returned.

theMsg overwrite <filename>
Pops up a dialog asking the user if it is ok to overwrite thecHjgal file. If the user click®©k, 1 is
returned, otherwise 0.

5.3.3.4 Common commands for top-level windows

These commands are available for athira objects which open a separate top-level window. In
particular, these are themira main window theMain ), the console windowtfleMsg ), and the
viewer window giewer 0 ). For example, you can set or get the position of these wisding the
corresponding global command followed &stPosition or getPosition

Commands

getFrameGeometry

Returns the position and size of the window including thedein frame. In total four numbers are
returned. The first two numbers indicate the position of thpaur left corner of the window frame
relative to the upper left corner of the desktop. The last iimbers indicate the window size in
pixels.

getGeometry

Returns the position and size of the window without the windiame. In total four numbers are
returned. The first two numbers indicate the position of thygan left corner of the window relative
to the upper left corner of the desktop. The last two numbeticate the window size in pixels.
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getPosition
Returns the position of the upper left corner of the windoghiding the window frame. This is the
same as the first two numbers returnedjeyrameGeometry

getRelativeGeometry

Returns the position and size of the window including thedein frame in relative coordinates.
The size of the desktop is (1,1). The position and size of thmelew is specified by fractional
numbers between 0 and 1.

getSize
Returns the size of the window without the window frame. Thithe same as the last two numbers
returned bygetGeoemtry

hide
Hides the window.

setCaption <text>
Sets the window title displayed in the window frame.

setFrameGeometry <x y width height>
Sets the position and size of the window including the wind@me. Four numbers need to be
specified, the x- and y-positions, the window width and thedeiv height.

setGeometry <x y width height>

Sets the position and size of the window without the windoanfe. Four numbers need to be
specified, the x- and y-positions, the window width and thedeiv height.

setPosition <x y>
Sets the position of the upper left corner of the window frame

setRelativeGeometry <x y width height>

Sets the position and size of the window including the windiasne in relative coordinates. The
size of the desktop is (1,1). The position and size of the mini specified by fractional numbers
between 0 and 1.

setSize <width height>
Sets the size of the window without the window frame.

show
Makes the window visible in normal state. Also raises thedwim.

showMinimized
Makes the window visible in iconified state.

showMaximized
Makes the window visible in maximized state.
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5.3.3.5 Progress bar command options

The commanavorkArea allows you to access the progress bar located in the loweoptreamira
main window. You can print messages or check if the stop huttas pressed.

Commands

workArea setProgressinfo <text>

Sets an info text to be displayed in the progress bar. Thectaxtbe used to describe the status
during some computation.

workArea setProgressValue <value>
Sets the value of the progress bar. The argument must be iadl@atint number between 0 and 1.
For example, a value of 0.8 indicates that 80% of the cureesit has been done.

workArea startWorking [<message>]

Activates the stop button. After calling this command #mira stop button becomes active. In
your script you can check if the stop button was hit by callvaykArea waslinterrupted

When the stop button is active you can't interact with anyeothidget unless you callorkArea
stopWorking  in your script. Therefore you must not enter this commaneddly in the console
window, but you should only use it in a script file or in a Tcl pedlure.

workArea stopWorking

Deactivates the stop button. Call this command when the atertask started witlvorkArea
startWorking is done or if the user pressed the stop button. This commaadrastores the
progress info text which was shown before callgtgrtWorking

workArea waslinterrupted

Checks if the user pressed the stop button. You should oelyhis command betweeworkArea
startWorking andworkArea stopWorking . If there are multiple nested compute tasks
and the user presses the stop button, all subsequent callsstaterrupted return true until
the first level is reached.

5.3.3.6 Application command options
Theapp command provides several options not related to a partiobjgct or component iamira,

but related taamira itself.

Commands

app version
Returns the currergmira version.

app uname
Returns simplified name of operating system.
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app arch
Returnsamira architecture string, e.g., arch-Win32-Optimize, arcthX&4-Optimize.

app hostid
Returns host id needed to createaamira license key.

app listen [port]

Opens a socket to which Tcl commands can be sent. The TCPfiRgrobe specified optionally.
WARNING: This can create security holes. Do not use thissmleehind a firewall and if you know
what you are doing.

app close
Closes themira Tcl port.

app port
Get port number oamira Tcl port. Returns -1 if socket has not been opened.

app send <command> [<host> [<port>]]

Sends a Tcl command to a listeniamira. If no host or port are specified, tlagnira instance will
send the command to itself.

app opengl
Retrieve information about the used OpenGL driver inclgdiarsion number and supported exten-
sions. This is useful information to send to the hot-lineefporting rendering problems.

app cluster

Returns the current node status which can be "master” ovéslid some cluster mode is active or
simply "single” if is not the case.

5.3.3.7 Other global commands

Commands

addTimeout msec procedurq arg]

Schedules a Tcl procedure for being called aftssecmilliseconds. Ifarg is specified it will be
passed to the procedure. The specified procedure will bedcalhly once. If necessary, you
can schedule it again in the time-out procedure. ExamgiiiTimeout 10000 echo {10
seconds are over. }

all [-selected | -visible | -hidden] [ typd

Returns a list of alamira objects currently in the Pool. Hypeis specified only object with that
C++ class type (or derived objects) are returned. Searchetmited to selected, visible, or hidden
objects, respectively. Examplatl -hidden HxColormap

aminfo [-a  outfilg-b outfilgl AmiraMesh-File
If used with only a file name as argument this command will offenfile which has to be in

amira Script Interface 137



AmiraMesh format and print header information. If used wilie -a or -b option, the outputfile
specified as argumeatitfilewill be written in ASCII (-a) or binary (-b) format, respeetily. Thus,
aminfocan be used to convert binary AmiraMesh into ASCII and viagsae

clear
Clears console window.

create class name[ instance namie

Creates an instance of amira object like a module or data object. Returns the instanceenam
Note that data objects are normally not created this way pladding them from a file. Example:
create HxOrthoSlice MySlice

dso options
Controls loading of dynamic libraries. The following opt®are provided:

e addPath path ... Adds a path to the list of directories to be searched whenrgeal
dynamic library.

e verbose {0|1 } Switches on and off debug information related to dynamicesthabject
loading.

e open <package> Trys to load the specified dynamic library. It is enough toc#yethe
package name, e.dixfield . This name will be automatically converted into the platfor
dependent name, e.¢ihhxfield.so on Linux orhxfield.dll on Windows.

echo args

Prints its arguments to treamira console. Use this rather than the native Tcl comnyautd  which
prints to stdout.

help arguments
Without arguments this opens thaira help browser.

httpd [port]

Start a built-in httpd server. The http server will deliveryadocument requested. If a requested
document ends witthx amira will instead of delivering it execute the file as a Tcl scriptis
can be used to contraimira from a web browser. WARNING: This command can create securit
holes. Do not use this unless behind a firewall and if you kndwatwou are doing.

limit  {datasize | stacksize | coredumpsize } size

Change process limits. Available on Unix platforms onlyeUsnlimited” as size for no limit. The
size has to be specified in bytes. Alternatively you can useXample 1000k for 1000 kilobytes or
1m for one megabyte.

load [fileformat] files

Load data from one or more files. Optionally a file format carspecified to overrideamira’s
automatic file format recognition. The file format is spedifiiy the same label which is displayed
in the file format combo box in themira file dialog.
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mem
Prints out some memory statistics (available on Windowsl&rg

quit
Immediately quitamira.

remove objectname
Removes the specifiamira object.

removeTimeout procedure [ arg]
Unschedules a Tcl procedure previously scheduled with iackeldut.

rename objecthname newname
Changes instance name of an object. IdenticakiectnamesetLabel  newnameReturns the
new name, which is normally identical tewnameunless the name did already exist.

sleep sec
Wait for secsecondsamira will not process events in that time.

source filename
Loads and executes Tcl commands from the specified file. I§¢hipt file contains the extension
.hx theload command may be used as well.

system command
Execute an external program. Do not use this unless you krwat you are doing.

5.4 amira Script File

It is worth noticing that ammira network is simply a Tcl script that will regenerate the catr@mnira
state. Therefore it is often an efficient way to interacinakeate aramira network, save it with “Save
Network”, and use this as a starting point for scripting.

The simplest way to execute Tcl commandsimira is to type them into thamira console window.
This however is not practical for multi-line construct&eliloops or procedures. In this case, it is rec-
ommended to write the Tcl code into a file and execute the file thie commandource filename
You can also use thsource command inside a file in order to include the contents of a fite i
another file.

Alternatively one can also use the commdoad filenameor the Load menu entry from thé-ile
menu and the file browser. Then however, in order t@fatra recognize the file format, then either
the file name has to end withx , or the file contents must start with the header line

# Amira-Script-File

amira Script File 139



There are some Tcl files that are loaded automatically wdraira starts. At startup, the pro-
gram looks for a file calledAmira in the current directory or in the home directory (see Sectio
4.4 (Start-up script) for details). If no such user-definedtstigr script is found the default initial-
ization scriptAmira.init is loaded from the directorgpMIRA LOCAL/share/resources or
AMIRAROOT/share/resources . This script then reads in all files ending wittt  from the
share/resources subdirectory. Therc files are needed to register modules and data types.
Therefore one can customize the startup behavi@nafa by simply adding a newrc file to that
directory or by modifying thémira.init file.

Another way of executing Tcl code is to define proceduresdahatssociated with function keys. If
predefined procedures with the nanteKeyF2, onKeyF3, ..., onKeyShiftF2, ...,
onKeyCtrlF2, ..., onKeyCtrlShiftF2, ... exist, these procedures will be automati-
cally called when the respective key is hit in tamira main window, console window, or viewer
window. Note that F1 is reserved for help. To define thesegwfores write them into a file and
source it or write them intoAmira.init orin one of therc files. An example is

proc onKeyF2 { } {
echo "Key F2 was hit"
viewer 0 viewAll

}

Finally Tcl scripts can also be represented in the GUI andblogbined with a user interface. amira
this is called ascript object There is aseparate documentatitor that.

5.5 Configuring Popup Menus

In amira all of the modules that can be attached to a data object &ed lis the object’s popup menu
which is activated by clicking on the object’s icon with thght mouse button. For some applications it
makes sense to customize new modules using Tcl command#efyenave been created. Sometimes
it also makes sense to add new entries to an object’s popup,neaasing a particular script to be
executed. This sections describes how to achieve these gpahodifyingamira resource files or
creating new ones.

amira resource files are located in the directdAMIRA ROOT/share/resources , where
$AMIRA ROOTdenotes the directory wheemira has been installed. Resource files are just ordi-
nary script files, although they are identified by the sufftcx . Whenamira is started all resource
files in the resources directory are read. In a resource fibglubes, editors, and IO routines are regis-
tered using special Tcl commands. Registering a module steaspecify its name as it should appear
in the popup menu, the type of objects it can be attacheddéayame of the shared library or DLL the
module is defined in, and so on. For example,ltabelVoxelmodule is registered by the following
command in the filéxlattice.rc

module -name "LabelVoxel" \
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-primary "HxUniformScalarField3 HxStackedScalarField3 "\
-check { [[$PRIMARY hasinterface HxLabellLattice3] } \

-category "Labelling Compute” \

-class "HxLabelVoxel" \

-package "hxlattice"

The different options of this command have the following mieg:

e The option-name specifies the name or label of the module as it will be printethe popup

menu.
e The option -primary  says that this module can be attached to data objects of type
HxUniformScalarField3 or HxStackedScalarField3 . This means thdtabelVoxel

will be included in the popup menu of such objects only.

e With-check an additional Tcl expressionis specified which is evaluatedn-time just before
the menu is popped up. If the expression fails, the modulerisored from the menu. In the
case of the.abelVoxemodule, it is checked if the input object provideldalabelLattice3
interface, i.e., if the input itself is a label field. Althdug label field can be regarded as a 3D
image, it makes no sense to perform a threshold segmentatidn Therefore_abelVoxelis
only provided for raw 3D images, but not for label fields.

e The option-category  says thatLabelVoxelshould appear in th€omputeand Labelling
submenus of the main popup menu. If a module should appeanrosubmenu but in the
popup menu itself, the categoMain must be used.

e The option-class specifies the internal class name of the module. The intefass name of
an object can be retrieved using the commgatTypeld . It is this class name which has to
be used for theprimary  option described above, not the object’s label defineehyne .

e Finally, the option-package specifies in which package (shared library or DLL) the module
is defined in.

Besides these standard options, additional Tcl commanbs &xecuted after the module has been
created can be specified using the additional opiwoc . For example, imagine you are working
in a medical project where you have to identify stereotatigckers in CT images of the head. Then
it might be a good idea to add a customized version ofLthieelVoxelmodule to the popup menu,
which already defines appropriate material names and thigsshThis could be done by adding the
following command either in a new resource filchbAMIRA ROOT/share/resources  or directly

in hxlattice.rc

module -name "Stereotaxy" \
-primary "HxUniformScalarField3 HxStackedScalarField3 "\
-check { ![$PRIMARY haslinterface HxLabelLattice3] } \
-category "Labelling" \
-class "HxLabelVoxel" \
-package "hxlattice" \
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-proc { $this regions setValue "Exterior Bone Markers";
$this fire;
$this boundary0l setValue 150;
$this boundaryl? setvalue 300 }

The variable$this  used in the Tcl code above refers to the newly created modeleto thelLa-
belVoxelmodule. Note that the commands are execbiefdrethe module is connected to the source
object for which the popup menu was invoked. Some moduled®esspecial initialization when
they are connected to a new input object. These initiabnatimay overwrite values set using Tcl
commands defined by a custeproc option. In such a case you can explicitly connect the module
to the input object via the command sequence

$this data connect $PRIMARY;
$this fire;

Here the Tcl variabléPRIMARYrefers to the input object. The same variable is also usectin T
expressions defined by-eheck option, as described above.

Besides creating custom popup menu entries based on existidules, it is also possible to define
completely new entries which do nothing but execute Tcl camads. For example, we could add a new
submentuEdit to the popup menu of evemira object and put in thélide, RemoveandDuplicate
commands here which are normally contained inEdé@ menu of theamira main window. This can
be achieved in the following way:

module -name "Remove" \
-primary "HxObject" \
-proc { remove $source } \
-category "Edit"

module -name "Hide" \
-primary "HxObject" \
-proc { $source hidelcon } \
-category "Edit"

module -name "Duplicate” \
-primary "HxData" \
-proc { $source duplicate } \
-category "Edit"

Of course, it is also possible to execute an ordiraryra script or even ammira script object with a
-proc command.
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5.6 Registering pick callbacks

A pick callback is a Tcl procedure attached to a module or weie When a pick event occurs on
this target, the callback is invoked. Such a callback candgéstered by using the Tcl command
setPickCallback on modules and viewers:

<module> setPickCallback <proc> [ <EventType> ]
viewer <n> setPickCallback <proc> [ <EventType> ]

Only one callback can be attached to a given module or vielmesrder to detach the callback, just
call the register command with no parameter:

<module> setPickCallback
viewer <n> setPickCallback

The optional argumentEventType> refers to the kind of event that will invoke the callback. &th
events will be ignored. This argument can take the followialyes:

e MouseButtonPress , MouseButtonRelease (any mouse button),
VRButtonPress , VRButtonRelease (any 3D button),

e MouseButton1lPress , MouseButtonlRelease |, etc. (a specific mouse button),
e VRButtonOPress , VRButtonORelease |, etc. (a specific 3D button).

The default value i8louseButton1Press

The actual callback procedusg@roc> is expected to take one argument, which is to be interpreted
as an associative array and which encodes all the pickimgrirdtion. The following elements are
defined in the argument array:

e object the name oimira object the picked geometry belongs to,
e X, the x coordinate of picked point,

e v, the y coordinate of picked point,

e 7 the z coordinate of picked point,

e idx, the index of picked element,

o stateBeforethe modifier state just before event occurs,

o stateAfteythe modifier state just after event occurs.

The procedure should return 0O if the picking event was nodleah in which case other callback
procedures could be invoked. Here is an example:

proc pickCallback arg {
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array set a $arg
echo "$a(object) : picked element $a(idx)"
return 1

}

Note that any module is free to add specific information te trigument array. All elements can be
displayed with:

proc pickCallback arg {
echo "arg = { $arg }"
return 1

}

Thus, somamira modules append additional data:

e VertexView: idxs the picked point index.

ClusterView: idxs the picked point index.

LineSetView: idxs the picked line indexptO andptlthe two points of the picked segment.
e SurfaceView: idxs the picked triangle index.

GridVolume: idxis the picked triangle indexetraOandtetralthe adjacent tetrahedra.

GridBoundary: idxis the picked triangle indexgriginalldx the index in the gridtetra0O and
tetralthe adjacent tetrahedra.
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Chapter 6

Molecular Pack Introduction

Molecular Pack is anamira extension providing support for the visualization as welttze analysis
of molecules and dynamic molecular data.

TheMolecular Pack documentation is organized into the following sections:

Getting started with molecular visualization

Structure and interdependence of the molecular data stasct
Essentials for displaying a molecule

e Alignment facilities inMolecular Pack

Visualizing dynamic data

Atom expressions

6.1 First Steps with Molecular Visualization in amira

This chapter gives you an overview of the visualization oflenalar data setsamira is not just
able to display a 3D image of the molecule but also providelstm investigate its distinct parts and
properties. After reading the "getting started” introdantyou may continue with any of the following
tutorials.

Getting Started first steps

Selection, Labeling, and Maskingxploring a molecule
Alignment of Molecules visualizing dynamical data
Molecular surfaceswrapping a molecule

e Sequential and Structural Alignmertomparing molecules
Molecule Editor- interactive manipulation of the molecule



e Molecular Interface computing intersection surfaces
e Measuremertmeasuring distances and angles within a molecule

Note: If you want to visualize your own data, please refer to thetiea about data import in themira
User’s Guide. That section contains some general hints arttnamport data sets intamira.

6.1.1 Getting Started with Molecular Visualization

In this section you will learn how to

load a molecular demo data set iatoira,

view the molecule with th#oleculeViewdisplay module,
try out various color schemes,

select atoms in the viewer using the draw tool,
overwrite color scheme colors for selected atoms.

s w0

6.1.1.1 Loading Data into the System

In the following introduction we will consider a simple expla to explain the basic functions of the
MoleculeViewmodule. Our example will be a small PDB (Protein Data Bani)citire consisting of
932 atoms in 213 residues.

e Load the file2RNT.pdb into the Pool from the directorgata/molecules/pdb
A green icon labele@RNT.pdb will appear in the Pool. The green icon represents an objagpe
Molecule Click on the green data icon with the left mouse button. & Broperties Area below
the Pool information about the molecule, such as the numbatoms etc., will be shown. In addi-

tion, other ports namet@ransformation Selection BrowserandTransform can be seen; they will be
explained in later tutorials.

6.1.1.2 Displaying the Molecule with the MoleculeView Modle

The MoleculeViewmodule is the basic display module for visualizing molesulét allows you to
display atoms as plates or balls and bonds as lines or cynde

e Click again on the green data icon in the Pool, this time uliegight mouse button.
A menu, containing several entries and submenus, will appea

e Select the entrioleculeView
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A new yellow icon labeledvioleculeViewappears in the Pool. Yellow icons, in general, represent
display modules, i.e., modules that visualize objects exwiewer. The blue line between the icons
indicates a connection between the objects. In this cadddeculeView module reads data from the
object represented by the green icon and visualizes it.

The molecule is now displayed in the viewer as a wireframeindgJthe left mouse button you can
rotate the object; using the left and middle mouse buttomsiléaneously you can zoom in and out.
For these mouse operations to work, the viewer must haewing modgin which case the mouse
cursor is displayed as a hand.

Whenever the MoleculeView module is active, the little sguan the yellonMoleculeView icon
is orange. You can deactivate the module by clicking on thasgwith the left mouse button.

We will explore some basic ports of the MoleculeView module.

Mode port: Choose another mode to see both atoms and bonds of the nglecjulst atoms. If atoms
are shown, use th&tom Radiuport to adjust the size of the atoms as desired.

Quality port: If you choose the optiooorrect, you can display a correct, i.e. three-dimensional, image
of the balls and sticks. Consider the trade-off betweenecbmepresentation and slower rendering
performance. Use thiastmode if you want to display a large molecule. If your graphiasdware is
fast enough, you can use therrectmode even for large molecules.

Complexity port:In order to allow interactive rendering, the default comjileof the scene is rather
low. In most cases this will be sufficient. However, if you w#m make screen shots or if you have
small molecules, you might want to increase the compleXitye Complexityport is displayed only if
correctquality is selected.

6.1.1.3 Changing the Color Scheme

The MoleculeView module allows the user to color the molecatcording to levels, for example,
atom level, residue level, secondary structure level,rclesiel, or user-defined levels. Each level has a
number of attributes, the simplest of which is thdexattribute. The default color scheme is to color
the molecule according to the atom level's attribatemicnumberi.e., the atom'’s type.

e Click the Legendbutton of theColor port to display a small window decoding the colors you
see in the viewer window.

e Chooseesiduedrom the first pop-up menu argpefrom the second menu to color the molecule
according to the residue type, here the amino acid type.

The default colormap contains a constant color. Thus, otlyrall residues of the molecule have the
same color.

e To change the colormap, right-click on the color bar ofthgcrete CMport which has appeared
below theColor port and select any other colormap.

e Try out different colormaps to find a map that suits your psgso
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Some people prefer thepk color scheme for atoms and the amino acid colors as they ackinghe
Rasmoprogram.

e You can set your preferences in thmiraEdit menu by selecting the entBreferences

e Pressthé/oleculegab and set your preferences. PressingiReéutton saves your preferences
permanently.

Currently only amino acid colors are predefined. Thus, ifrti@ecule contains residues other than
the standard amino acids, those residues will be colorddtiv default color (black).

6.1.1.4 Using the Draw Tool

The draw tool appears iamira in several modules. It enables you to select objects or pdras
object by drawing a line in the viewer.

e Press th®raw button of theHighlightingport and draw a line in the viewer window around the
group of atoms you want to select.

The atoms that were enclosed by the line will be highlightddthe viewer is the active window,
pressing thel key is equivalent to pressing tiraw button of theHighlighting port.

e To unhighlight all atoms, press ti&@ear button of theHighlighting port.
e Also try using the key€trl andShift  while drawing a line.

6.1.1.5 Setting Colors for Selected Parts

TheDefine Colorgort allows you to overwrite colors of the color scheme.

e Select some atoms using the draw tool.
e Press th&etbutton of theDefine Colomort.
e Change the current color of ti@olor Editorand pres©K.

The previously highlighted atoms should now have the cattgcted in the color editor. This setting
will be preserved even if the color scheme is changed. Umfately, the new setting will currently
not appear in the color legend.

6.1.2 Selection, Labeling, and Masking

You already know how to load files and how to display moleculith the MoleculeViewmodule.
This tutorial will focus on exploring the structure of a leambmolecule. The tutorial consists of three
subsections, in which you will:
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1. Explore the possibilities for selecting within a molexuking theMoleculeViewmodule.
2. Learn how to use th&loleculeLabemodule.
3. Get to know théMolecule Selection Browser

For this tutorial we will use the moleculdGM.pdb .

e Load the filelIGM.pdb into the Pool from the directorgata/molecules/pdb
e Attach aMoleculeViewmodule to the green object that has appeared,
e and change th®odeport toballs and sticks

6.1.2.1 Interactive Selection with the MoleculeView Modg

In the first tutorial you learned how to use the draw tool tesehtoms within a molecule. The simplest
way to select atoms, however, is to click on the atom of irgiertn order to do so, the viewer must
be ininteractionmode. If the mouse cursor in the viewing window is depicted &sind, you are in
viewing mode. To change to interaction mode, you can either

e click on the arrow button in the upper right corner of the \iilegvwindow or press thé&sc
button while the viewing window is active.

The mouse cursor will change to an arrow.
e Now click one of the atoms.

The atom you selected should now be highlighted by a red femmend it. If you select another atom,
the first atom will be unhighlighted. In order to select mdrart one atom

e press theCtrl  key and keep it pressed while clicking additional atoms.
Ctrl -clicking a highlighted atom a second time unhighlights it.

e Now change thdlodeport of theMoleculeViewback tosticks
e Selectresiduedrom the first menu of thtloleculeView's Coloport.

e Choose a suitable colormap from the list of pre-loaded co#gs as described in the first tuto-
rial.

The residues should now be colored according to their type.
e Now select an atom.
As result the whole residue should now be highlighted. Tlasoe for this is that picking is bound

to the coloring, by default. For example, if the color schamatoms a click on an atom will only
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influence the selection for this atom; if the schemeesidues the atom’s residue will be selected;
if it is chains the atom’s chain will be selected, and so on. However, sihisis very restrictive
you can easily change the selection mode to the most commels |ée., atoms, residues, secondary
structures, and chains. In order to choose a certain lev#iécsselection you need to press certain keys
in advanceCtrl-Alt-Shift-a chooses thatomdevel, a click on an atom will only influence the
selection for this atomCtrl-Alt-Shift-r , Ctrl-Alt-Shift-c andCtrl-Alt-Shift-s
chooseresidues, chainsnd secondarystructurelevel respectively. To switch back to the default
behavior, where coloring determines selection, pesisAlt-Shift-d

If you select some group and afterwards select a second onetfre same level holding down the
Shift -key all groups between the two will also be selected. Hgdhre Ctrl -key pressed while
selecting groups allows you to select multiple groups asd & toggle a group when selecting it a
second time.

If you do any selection by clicking in the viewer there will seme output in the console window in-
forming you about what you have selected, the amount of @egrube customized via the Preferences
dialog:

e You can set your preferences in thmiraEdit menu by selecting the entBreferences
e Press théMoleculesab and take a look on the options in chaj@etection Info

e Molecule namedetermines that the name of the molecule, to which a selegtag belongs,
will be printed.

e Group name determines that the name of the selected group will be gtinte

e Group attributes determines that not only the selected group’s name but Hlatirébute values
of the group will be printed in the console window.

e Explicit attributes restricts the output of attribute values to those attribul@t are explicitly
named in the text field.

e Pressing th©K button saves your preferences permanently.

6.1.2.2 Using the MoleculeLabel Module

So far you have seen that you can select atoms and groupses atoclicking on the molecule. The

result of the picking is always printed in the console winddvhis might suffice in some cases. In
other cases, however, it is necessary to label the moleculeeiviewer so that you can easily track
certain groups you are interested in. If you want to use tho§ here is how you do it.

e Click again on the icodIGM.pdbwith the right mouse button.
e SelectMoleculeLabefrom theDisplaysubmenu.

A second yellow icon labelelloleculeLabekhould have appeared in the Pool. By default, all clicks

will now be handled by théloleculeLabemodule. This means that instead of highlighting groups
when clicking on them they will now get labeled.
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e Type Ctrl-Alt-Shift-r while the viewing window is active.
e Click on the molecule in the 3D viewer.

This action should cause the residue of the selected atom et lapeled. Pressing
Ctrl-Alt-Shift-a and clicking the same atom will result in the selected atoindé&beled.
TheCtrl- andShift- keys have the same effect as when selecting groups.

e Label a few residues and atoms.
e Click on theMoleculeLabelcon to view its ports in the Properties Area.

e Change the color of the atom labels by pressing the coloobuit theColor port and selecting
a different color in the color editor.

e Now selectresiduesin the Levelsport. TheAttributes Level Option Buttons Font Size and
Color ports now affect the residue labels.

e Increase the font size (which only increases the font sizee@turrent level, i.e., residues).
e Select thenameentry in the second menu of tigtributesport.

The selected residues will now be labeled by their types anaas. In order to understand tBptions
port of theMoleculeLabemodule

e deselect the last optioreplace attributes
e and set the entry of the secoAttributesmenu back talisabled
e Now select a new residue, holding t8&l-  key down.

The new residue will only be labeled by its type. In contrdst,old residues are still labeled with type
and name.

If the first option of the last porthandle clicksis deselected, mouse clicks will be handled just as if
the moduleMoleculeLabetlid not exist.

e Deselect théandle clickption.
e Select any residue.

The residue is selected, not labeled.

6.1.2.3 Molecule Selection Browser

In this section you will learn the basics about thelecule selection browserhich is a very important
feature for the investigation of a molecule. The selectimwiser is a flexible tool for selecting those
parts of the molecule that you are interested in. Moreovei]dows you to easily combine different
viewing modules into one viewer.

e Select the green icolGM.pdbby clicking on it.
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Figure 6.1 On the left, MoleculeView and BondAngleView displayingtmolecule simultaneously. On the right, the Selection
browser after connecting two viewing modules to the molecul

e Press th&Showbutton of theSelection Browseport to open the browser.

The scroll view of the browser currently contains three oois, one with the headirigvel/namethe
second with the headingpe and the third with the headingV which stands foMoleculeView In
the first column, all residues of the molecule are displayEde second column shows the residue

type.

e Connect 8BBondAngleVievio 1IGM.pdb by right-clicking the icon and choosirgondAngle-
Viewfrom theDisplaysubmenu.

You will observe a new column in the selection browser, repn¢ing theBondAngleView (BAsee
Figure6.1).

Changing the Appearance of MoleculeView and BondAngleView

In order to get an image similar to Figue2, we first need to set the ports in tMoleculeViewand
theBondAngleViewnodules correctly. We begin with tidoleculeViewmodule.

e Set theModeport toballs.
e Set theQuality port tocorrect
e Set theAtom Radiugport to 1.0.

For theBondAngleVieweontinue as follows:
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Figure 6.2 Setting the ports in the viewing modules.

e Select theesiduesentry from the first menu of th€olor port.
e From the second menu Qfolor port, select théndexentry.

e Right-click on the color bar of thBiscrete CMport and select the colormaysics.icalif this
colormap is pre-loaded. Otherwise load it from the directtata/colormaps

We now only see th&loleculeViewsince the triangles of thBondAngleVievare hidden by the van
der Waals spheres. In order to combine the two viewing maduk® one image, continue with the
next section.

Highlighting and Masking with the Selection Browser
We now want to use the selection browser to display parts @fblecule with theMoleculeView
module and the rest with ti@ondAngleViewnodule. In this section we will only use the selection
browser, so all menu names etc. refer to this window.

e Selectchainsas new master level from thidasterLevemenu.
You will now see three entries in the first colungiains/L, chains/H andchains/W This means that
the levelchainscontains three groups, namedH, andW. In order to view the grouphains/Lwith
the MoleculeViewand the other two groups with tfBondAngleView

e remove the check marks fohains/Handchains/\WWfrom the column with headiniV by click-
ing on them.

To deselect the groughains/Lfor the BondAngleView
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Figure 6.3 Displaying parts of the molecule with ttMoleculeViewmodule and the rest with tf@ondAngleViewnodule.

e click on the respective box in the colurBAV.

Now you should see an image that is pretty close to that inrEi§8. However, theBondAngleView
displays more triangles than in the figure. TBendAngleVievin Figure6.3 only displaysbackbone
atoms. In order to achieve this

e right-click on the heading labeldgiAV.
A pop-up menu as in Figui@ 3should appear.
e SelectBackbondrom theRestrict tosubmenu.

The side-chain atoms should not be visible anymore. Next,sjmuld explore the groughains/La
bit further.

e Click on the little icon left to it.
After this action the residues contained in chiaiwill have appeared.

e Click on the little icon left to the residuel.

e Typeatoms/L4-L33 in the text field labeledxpressionbelow the scroll window, and press
theReplacéebutton.

AtomsL4 to L8 and residuek?2, L3, andL4 are highlighted in red. The residué and the chaiih. are
highlighted in green. The coloeed means that the whole group is selected, i.e., all its elesn&mnéen
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Figure 6.4: Molecular browser dialog.

denotes that the group is partially selected. See Figute

To get familiar with the browser, play around with it. If yoeed further information, just press the
F1 button in the browser window or see the description of$leéection Browser

6.1.3 Alignment of Molecules

In this section you will learn how to

align molecules by considering selected atoms,
compute anean molecule

compute aonfigurational density

compare metastable molecular conformations.

NP

6.1.3.1 Comparing two Molecules

In this section we will compare two different three-dimemsil structures of the same molecule.

e Load the data filalkane.zmf  from the directorydata/molecules/alkane
e SelectMolTrajectoryfrom the pop-up menu of thalkane.zmicon.
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e SelectMoleculefrom the pop-up menu of thidolTrajectory icon.
e Attach aMoleculeViewmodule to the molecule.
e Repeat the last two steps, creating two new objéd¢tdecule2andMoleculeView?2

The alkane.zmfcon represents a bundle of molecular trajectories, in¢hge butane, pentane, and
hexane. By attachinglolTrajectoryto it, we extract a single trajectory. By default, the firgjéctory,
which is butane, is selected. We can now extract single tieygssrom the trajectory by attaching a
Moleculeobject to the trajectory. We have done this twice since wetw@anompare two time steps
with each other. Currently, both molecules extract the siame step. This is the reason for only
seeing a single molecule. In order to get more informaticyuathe data structures, go to the section
on molecular data structures

e Select theVioleculeViewicon and change thiglodeport toballs and stickeand theQuality port
to correct.

e Repeat this action for thgloleculeView?2
e Select theMolecule2icon and change the value of tiianeport to 2.

You should now see two butane molecules in the viewer, $jiglisplaced.

Right-click on the white square at the far left side of MeleculeZicon and selecAlignMaster
from the pop-up menu.

Connect the blue line to thdoleculeicon.
Select theMoleculeZicon.
Press theall button ofMolecule2’s Selegtort.

You have now aligned the moleculk®leculeandMolecule2using a least squares fitting of all atoms.
This only works for molecules with the same number of atomghé following we will align the two
molecules by considering only three carbon atoms.

e Deactivate théMoleculeViewby clicking on the orange square of thioleculeViewcon.
e Ctrl -click on three consecutive carbon atoms.

The frame of a red cube should appear around each of them.

e Activate theMoleculeViewby clicking on the gray square on tioleculeViewicon.
e Select theViolecule2icon and press thia slavebutton of theSelectport.

The three selected atoms should now fit better onto the qgonekng atoms of the object labeled
Molecule
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6.1.3.2 Computing a Mean Molecule

In this section we will compute a mean molecule of a metastatdlecular conformation of butane.

o Remove the objects¥loleculeandMolecule2
e Select theMolTrajectoryicon.
e Loadthedatafilbut _cluster _3_l.idx from the directorydata/molecules/alkane

but cluster3_1.idxis a subtrajectory oflolTrajectory; i.e., a subset of all configurations in the trajec-
tory.

e Attach a molecule to the icaout.cluster3_1.idx

e Select theMeanMoleculeentry from theComputesubmenu ofbut cluster3_1.idXs pop-up
menu.

e Right-click with the mouse on the white square at the fardifé of theMeanMoleculecon and
selectAlignMaster

e Connect thAlignMasterport to theMoleculeicon by attaching the blue line to it.

e Select theMeanMoleculdécon and press thall button of theSelectport of theMeanMolecule
module.

e Press thé\pplybutton to compute the mean molecule.

e Visualize the mean moleculmit cluster3_1.mearby attaching aMoleculeViewto it.

e Connect theAlignMasterport of the moduléMeanMoleculdo thebut cluster3_1.meancon.
e Press thé\pplybutton of theMeanMoleculenodule two or three times.

You have now computed a mean molecule of the subtrajettatrgluster3_1.idx TheAlignMaster
is used to align all time steps before accumulating the atositipns. Changing thAlignMasterto
the previously computed mean molecule and repeating theuetation of the mean molecule will
improve it. This procedure should converge.

A better way to compute a mean molecule is to use the moBréeomputeAlignmentising the
Multiple Alignmenbption of theModeport. This module creates an object containing a transfooma
for each structure in the trajectory. This object can thencganected to th®recomputeAlignment
connection port of th&eanMoleculenodule.

6.1.3.3 Computing and Visualizing a Configuration Density

For the subset of configurations contained in the subtm@jgtiut cluster3_1.idx, we will now com-
pute aconfiguration densitgnd visualize it with thdsosurfacalisplay module.

e Select the entrConfigurationDensitjfrom theComputesubmenu obut cluster3_1.idXs pop-
up menu.
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e Connect theAlignMasterport of the ConfigurationDensitycon to thebut cluster3_1.mean
icon.

e Select theConfigurationDensitycon.
e Press thall button of theSeleciport.
e Press thé-ield button of theComputeport to compute the density.

e Visualize the created scalar figbdit cluster3_1.scalarwith an isosurface by first selecting the
Isosurfaceentry from theDisplay submenu of the icon’s pop-up menu,

e second, setting thisosurfacés Thresholdvalue to 0.1,
e and third, pressing th&pplybutton.
e Try differentThresholdvalues.

6.1.3.4 Comparing Metastable Molecular Conformations

The set of configurations in the subtrajecttyt cluster3_1.idx belongs to a metastable conforma-
tion of butane. In this section we will compute the densityaafecond metastable conformation and
compare the two with each other.

e Select theMolTrajectoryicon.
e Loadthe datafilbut _cluster _3_2.idx from the directorydata/molecules/alkane

e Compute the mean molecule of the subtrajectaricluster3_2.idx by repeating the steps de-
scribedabovefor the subtrajectorput cluster3_1.idx

e Visualize the second mean molecule with MeleculeViewmodule.

e Select three consecutive carbon atoms in the second meatummlas was done in the first
tutorial.

e Attach the AlignMaster of the object butcluster3.2.meanto the first mean molecule
but cluster3_1.mean

e Select théout cluster3_.2.mearicon and press thie slavebutton of the mean moleculeZelect
port.

The two mean molecules should now be aligned to each otkerthe three selected carbon atoms
should superimpose.

e Compute the density for the second subtrajectory usindtheluster3_2.meanmolecule as
AlignMaster

e Visualize the computed density with gsosurfacemodule.

e Double-click on the colormap of thisosurface2module and select a different color to better
distinguish the two isosurfaces from each other.

You should now clearly see how the two conformations of beiiffer. For larger molecules it might
be interesting to color the isosurface according to the &t@wlors. This can be done using the
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sameConfigurationDensitynodules by selecting th@olor Field option of theField port. Attach the
computed color field to th€olorField connection port of thésosurfacemodule.

Notice that you can also visualize the densities with\th#ex module of theDisplay submenu.

6.1.4 Molecular Surfaces

In section6.1.10f this tutorial you have seen how to visualize moleculefhieMoleculeViewnod-
ule. Sectiorb.1.2, on selection, labeling and masking, showed you how toausiea’s facilities to
select, mask, and label certain parts of the molecule. ftthorial we will

compute a molecular surface with tBempMolSurfacenodule,
compute the molecular surface for a restricted set of gtom
compute partial surfaces,

explore theMolSurfaceViewmodule,

get to know the picking facilities of thdolSurfaceView

ok wbdpRE

6.1.4.1 Compute Molecular Surfaces

In this section you will learn how to use tlimpMolSurfacenodule to compute molecular surfaces
with different resolutions. You will also become familiaitivsome of the module’s basic ports.

e Load the data filRNT.pdb from the directorydata/molecules/pdb

Attach theCompMolSurfacenodule to the green icon by selecting the corresponding &tm
the Computesubmenu 02RNT.pdb ’s pop-up menu.

Select theCompMolSurface icon.
Press thé\pplybutton.
Attach theMolSurfaceViewnodule to the newly created green ic@RNT-surf .

You should now see a gray solvent excluded surface whiclilipigtty coarse. If you want a surface
with better resolution,

e increase the number of points pk? in the CompMolSurface module.
Press théd\pplybutton again.

Try different resolutions.

e Now select thano duplicate point®ption in theOptionsport.

e Press thé\pplybutton.

Due to the last action, some sharp edges will have disappei&tbere are no duplicate points at sharp
edges, the surface normals of the adjacent triangles withteepolated, thus leading to a smoothing,
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which in this case might be undesired. However, this optioimiportant if it is necessary to have a
completely closed surface.

e Change th&uality port tofaster.
e Press thé\pplybutton.

You should observe that some atoms disappear. This is dueetéatt that now only one surface
component will be computed. If the molecular surface cdssi$ only one component, the whole
surface will be computed. Since the underlying algorithraginot need to touch every single atom,
but approximately only every second atom, the algorithm ugimfaster. If performance is an issue,
you might consider using this option.

6.1.4.2 Compute Partial Surfaces

In order to compute partial surfaces we need to select thmsator which we want to compute their
surface contribution.

e Open the selection browser. If you do not know how to do thisgta look at thsecond tutorial
e Typewithin(residues/HET105, 5) in the browser'€xpressiorcommand line.
e Press the selection browseRegplacebutton.

All atoms within a distance of B of the HET105residue will now be selected.

Reset theCompMolSurface’s Qualitgort back tocorrect
Selectpartial surfacefrom theOptionsport of CompMolSurface
Press thé\pplybutton.

Selectadjacent patcheBom theOptionsport of CompMolSurface
Press thé\pplybutton.

The last action causes the partial surface to be expanddebligiibidal patches adjacent to the partial
surface.

6.1.4.3 Molecular Surface of a Restricted Set of Atoms

The molecule2RNT.pdhcontains some water molecules, which are in most cases soedevhen
computing the molecular surface. In order to exclude themwablecule from the surface computation

e open the selection browser again.
e Inthe selection browser scroll to the end of the list of rasil
e Click on one of the stringslOH in thetypecolumn.

All residues of typeHOH should now be highlighted.
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e In the browser, right-click on the headi@MSwhich stands foCompMolSurfacend select
the entryRemove

e Deselecpartial surfacein the CompMolSurfacenodule.
e Press thé\pplybutton.

For the new surface only those residues that have a checkim#r& selection browser were consid-
ered. You may combine this procedure with the partial serfammputation described above.

6.1.4.4 Exploring the MolSurfaceView

The MolSurfaceViewmodule is already attached to the molecular surface. A seconnection exists
to the moleculRNT.pdb , from which data is read to enhance the visualization.

o Compute the whole molecular surface with a resolution ofiﬁtpcperAQ.

e Click on theMolSurfaceView icon to see its user interface in the Properties Area.

e Selectmoleculefor the Color Mode

e Change theColor port’s first menu entry teesidues

e Select an appropriate colormap for thescrete CMport by right-clicking on the color bar.

e Switch to interaction mode by clicking on the arrow buttontfie upper right corner of the
viewing window.

e Click on the surface in the viewing window.

All triangles belonging to the picked triangle’s residudlwe highlighted. If the triangle belongs to
two or even three (maximum) residues, all of those residukébevhighlighted.

Clicking on the surface with the middle mouse button displiajormation about the atom you clicked
on in the upper left corner of the viewing window as long as keap the mouse button pressed. If
you Ctrl -click, the information will remain displayed even aftelaa@sing the mouse button until the
next mouse click on the surface.

e Press thédighlighting port’s Clear button to remove the selection.
e Change théick Actionport toclipping.
e Pick any triangle of the surface.

All triangles further away from the picked triangle than ttistance given by th8election Distance
port will be cut off. All triangles within this distance wilemain, however, only if they are connected
to the picked triangle without leaving the sphere arouncpibked point.

e Press th&ll button of theBufferport to display the whole surface.
e Change théick Actionport tosurface
e Shift -click on the surface in the viewing window.
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All clicks on the surface will now be handled as you might bmifaar with from the SurfaceView
module.

6.1.5 Sequential and Structural Alignment

In this tutorial you will become familiar with thélignSequenceandAlignMoleculesmodules.

TheAlignSequencesol facilitates the comparison of two sequences. It carpipdied to both proteins
and nucleic acids except for t-rna molecules containingifieatbases. ThélignSequencesiodule
is nothighly advanced, but it might suffice for some purposes.

Having done the sequential alignment, you can use the @mnelence produced by the sequence
alignment to do a structural alignment of the molecules.

e Load the filesLlIGM.pdb and2JEL.pdb from the directorydata/molecules/pdb/ and
connect aMoleculeViewo each of them.

You should know how to do this from thHfést tutorial For bothMoleculeViews
e selectresiduedrom the first menu of th€olor port.

A colormap Discrete CN) with constant color will appear. To distinguish the molesy choose a
different color for one of them. In order to do so

e double-click on the colorbar (th€olor Dialog should appear) and
e change the current color by dragging and dropping any oftis&n colors.
e Press th®©K button of the color editor.

6.1.5.1 Sequence Alignment

We will now use theAlignSequencesiodule to align the sequences of the two molecules. In the nex
section we will use the associated amino acid pairs for @tstral alignment.

e Right-click on thellGM.pdbicon and selecAlignSequencesom theComputesubmenu.
¢ Right-click the white square on the far left side of thignSequencdson.

A pop-up menu displaying all connection ports opens.
e SelectMoleculeBfrom it and connect the port to tHBJEL.pdhicon by clicking on it.

There should now be two blue lines connecting AlnSequenceikon with the 1IGM.pdband
2JEL.pdhicons, respectively.

e Select the modul@lignSequencdsy clicking on its icon in the Pool.
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e Choosesemiglobafrom the second menu of thidign Typeport.
e Press thé\pplybutton.

If the alignment has been successful, a window displayingree slightly different alignments will
appear.

e Press thé\cceptAllbutton. Then press th@losebutton.

This action results in the alignments being written to thdeoales as new levels. In order to check
this,

e typellGM.pdb list in theamira console window.

In addition to levels such agoms, bonds, residues, eyau will also see levels namegmiGlobalSe-
gAlignlto semiGlobalSegAlign1@JEL.pdbhas the same levels with an equal number of groups.

6.1.5.2 Align Molecules by using the Mean Distance Criteria

We can now use the levetemiGlobalSeqAlignfor a structural alignment. In order to do so,

e right-click the iconlIGM.pdband selecAlignMoleculesfrom the Alignmentsubmenu.

¢ Right-click the white square at the far left side of thiignMoleculescon, select théloleculeB
entry, and connect the module2dEL.pdb

e Select theAlignMoleculedscon to make it appear in the Properties Area.

e Select any of the levels namedmiGlobalSegAlignin the AlignLevelport and press th&pply
button.

If you want to follow the alignment process,
e click theshow alignmenoption before pressing thépplybutton.

Compare your result to the online demo.

6.1.6 Editing of molecules

An essential tool for manipulating the molecular data strresfromMolecular Pack is the Molecule
Editor. It allows adding new bonds or changing the overall topoloigdhe molecule as well as manip-
ulating Cartesian or internal coordinates.

For each of these tasks, there is an example in the follongeton to give you an easy “learn by
doing” introduction to the available features. Each acfierformed with the editor affects all currently
selected atoms. Thus, it is necessary for you to be familitr tive functions of theSelectionBrowser
beforehand (see secti@nl.2on selection, labeling, and masking).
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e Load the file IHVRm.pdb from the directorydata/molecules/pdb/ and connect a
MoleculeViewnodule to it.

e Select théballs and sticksepresentation for theloleculeView

The data structure loaded is an enzyme of HIV in complex vighihhibitor XK263.

6.1.6.1 Invoking the Molecule Editor

To start the editor

e select thelHVRm.pdb object in the Pool and press the Molecule Editor button (pé&n) in
its user interface.

The molecule editor interface is now visible. However, fog tasks we want to perform, we also need
the selection browser, which is opened by

e pressing th&howbutton of theSelection Browseport of LHVRm.pdb

6.1.6.2 Adding Bonds to a Part of a Molecule

The inhibitor XK263 is currently without bonds. To add bondarry out the following steps:

e Open the selection browser and select the residue with fextig2 (it is at the end of the list).

e Switch to theToolstab in the molecule editor and press timd-length tabléutton in theMode
section. Then, press tlagldbutton in theActionsection.

Adding bonds in théond length tablenode will create new bonds in the selected part of the modecul

by comparing the distances between the atoms with a tableecfige bond lengths. The result should
now look like Figure6.5.

6.1.6.3 Splitting the Molecule

We now want to split the molecule into inhibitor and protein.

e Ifitis not currently selected, reselect tXi&2 residue in the selection browser.
e Press thé&plitbutton on theToolstab of the molecule editor.

You will notice that the atoms of the inhibitor are no long&piayed by theMoleculeViewand that

a new objectl1HVRm2.pdphas appeared in the Pool. This object contains the prdyisetected
atoms of the ligand.

166 Chapter 6:Molecular Pack Introduction



2 Amira - Untitled

Gepe @i (e R

| Transfom | Toai:

Change Tepakay
Copy  Spit  Cut  Add

Cannection of Selectsd Atoms

Mode Action

()]

Bond Lenghh Table. Add Cut

Mawimal Atom Distance: 1.70

Rieading bord lergih ble.
Reading 1HVRmpdb
>

EREEEE

[ok ] unde [ deoh |[ Resat ][ Cancel |

Figure 6.5. Adding bonds to the ligand

6.1.6.4 Adding another molecule

The protein of the 1HVR entry is a protease which uses up onerwzolecule to split a polypeptide.
We now want to add the water to the active site of the enzyme.

e Load the fileh2o.pdb from the directorydata/molecules/pdb
e Go to the molecule editor and press thaéd button in theChange Topologgection.

¢ In the window that opens, all other molecules in the Pool bélshown. Select thie20.pdb
molecule and presdK.

The atoms of the water molecule have now been copied tbHWRm.pdhobject.

6.1.6.5 Moving Parts of the Molecule

To concentrate our view on the region of interest we will m&lthe molecular view to amino acids
A25andB25between which the water molecule should be placed.

e Typer/name=?25 OR r/type=H20 into the selection browser and press #udxd button.

e Now move your mouse on thdV heading, press the right mouse button, and activat®#ie
placeoption.

With only the residues A25 and B25 and the water moleculdalysgl, all that is left to do is to drag
the water molecule to its correct location.

First Steps with Molecular Visualization amira 167



4 Amira - Untitled

[RENG

® s HETBIOD  HYD
B -hewdaes/HETT H2O
L

Highightirg

Evgression: 1/nam==725 OF i/yoe=H2D

BIEIE

R T TTTTITTTITTTTT

5] (o] o ] (e ] (e ]

Figure 6.6. Moving the water molecule to the desired location

e Select the water molecule in the selection browser (theluesat the end of the list).

e Switch to theTransformtab of the molecule editor.

e Show the position of the transform dragger by pressing«_“hbutton in thePositionsection of
the Transformtab.

e Left-click on the dragger and hold the mouse button down. &au now translate the dragger
in different planes depending on the side you clicked on. &b water molecule between the
two amino acids as shown in FiguBet.

e To reorient the water molecule, click on the green knobs efdtagger. They allow the dragger
to rotate in different planes.

Repeat the steps described above until you are satisfiedheitliesult.

To apply the changes that you made to the edited moleculeyystipress th&pplybutton or end the
editing by using theK button.

6.1.7 Molecular Interfaces

This tool is particularly interesting for visualizing cawat areas between parts of a single molecule
or between different molecules, e.g., enzymes and theintlg. In this example we will consider the
second case.
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e Please load the filBRNT.pdb from the directorydata/molecules/pdb

6.1.7.1 Defining groups

In this section we will create a new level, callederface for the molecule and define two groups of
the level substrateandreceptor respectively.

e Select th2RNT.pdb icon in the Pool by clicking on it.
e Now click in the console window to activate it, and pressTid key.

The name of the selected icd&RNT.pdb , should appear in the console window. If it does not,

e please typ@RNT.pdb .
e On the same line, typeefine interface/substrate residues/HET105

The following text should now be written in the console windo
2RNT.pdb define interface/substrate residues/HET105

e Press th&NTERkey.

You have now defined the growgubstratein the levelinterface The group consists of the residue
HET105. We will now define the groupceptor

e Press the TAB key again, then typedefregexp interface/receptor NOT
residues/HET105 AND NOT residues/type=HOH

With NOT residues/HET105 we exclude the substrate and wNOT residues/type=HOH
we exclude all water molecules. Thus, the receptor is defigazbnsisting of all atoms not belonging
to either the substrate or any water molecule.

If you now list all levels by typing
e 2RNT.pdb list

you will see arinterfacelevel containing two groups.
e Type2RNT.pdb list interface

and all groups of thenterfacelevel will be printed in the console window.

6.1.7.2 Computing the Interface

We will now compute the interface between the receptor aadtibstrate. The interface between two
molecules is defined as the surface equidistant to both mielec~or the approximation we compute,
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this might not be exactly true for all points on the surfacée Tnodule to compute the interface is
called CompMolinterface

Now, to compute the interface,

e right-click the icon2RNT.pdb and selecCompMolinterfacdrom theComputesubmenu.
e Select the icon labeledompMolinterface  in the Pool.

e Choosénterfacefrom theLevelsmenu of theCompMolinterfacenodule.

e Press thé\pplybutton.

Two objects result from this action, an interface objectpietMolSurface 2RNT-interface.surfind a
distance field of typ&niformScalarField32RNT-distance.field

6.1.7.3 Visualizing the interface

Finally, we will view the computed interface in the viewingnadow with theMolSurfaceViewmodule.

¢ Right-click on the2RNT-interface.surf icon and seledwlolSurfaceView

¢ Right-click on the white square at the far left side of MelSurfaceViewcon and connect the
ColorField port with the distance fieldRNT-distance.field

The user interface of thglolSurfaceViewnodule should be visible in the Properties Area.

e Choose thdield option from theColor Modeport, resulting in a new por€olormap appearing
in the user interface.

e Right-click on the colormap bar and choose any colormap.

e Play around with the coloring by changing the colormap rafdee full range of values can be
seen when you select tRRNT-distance.field.e, click on it.

e Also, change the&€utoff distancen the CompMolinterfacenodule, e.g., to 1.0, and théoxel
size e.g.,t0 0.5.

e See what happens when you pressApplybutton of theCompMolinterfacenodule.

Warning: If you choose a very small voxel size, the compatathight take very long. Also, there
might not be enough memory to store such a large distance tislgally, 1.0 or 0.5 are good values.

After having done the steps described above, what you sesdshe similar to the Nuclease demo on
the demo pages. The interface here, however, has been tghizcem two separate files.

6.1.8 Measurement

In this tutorial you will learn how to measure distances angles between atoms in a molecule. For
this tutorial it is necessary for you to have already donedukerial 6.1.1
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Load any molecule from the directodata/molecules/ * and connect MoleculeViewto
it.

Select theMoleculeViewby clicking on its icon in the Pool.
e Selectballs and sticks Modandfast Quality
Next, right-click on theMoleculeView icon, and seledleasuremenfrom the pop-up menu.

The user interface of thleasuremertbol should now be visible in the Properties Area. ifo port
tells you that you need to select 2, 3, or 4 atoms. In order teodgwitch to interaction mode by

e pressing theeSCkey or by pressing the arrow button in the upper right corriehe viewing
window.

You can now select single atoms in the viewer by clicking centh If you click on one atom, the
previously selected atom will be deselected. By usingGl¢ -key, you can select more than one
atom.

e Select 2, 3, or 4 atoms and observe what is being displayéeinder interface of thdeasure-
mentmodule.

TheCtrl -key is also used to deselect atoms.

6.2 Molecular Data Structures

Several molecular file formats including, for example, PDBpos, and UniChem, can be read and
written by Molecular Pack, other file formats, such as CHARMM, can only be read. Therinfttion
read from the data files will be stored in different types ofegts: Molecule MolTrajectory, and
MolTrajectoryBundle

Molecule. Single molecular configurations are represented as dagatsigf typeMolecule This kind

of object can either be created by loading a file containinggle molecular structure or by attaching
it to an object of typeMolTrajectory in which case it will act as a projector, extracting one @ th
trajectory’s 'time steps’, i.e., a single structure.

Trajectory. The MolTrajectorydata structure represents a series of molecular confignsatf the
same molecule. Again two cases are possible. Either thectoay is loaded directly from a file. Or it
can be attached to an object of tyidelTrajectoryBundleextracting one of the trajectories contained
in that bundle.

Bundle of trajectories. A trajectory bundle reflects the case of a file containing ntioa@ one molec-
ular trajectory. If such a file is loaded intimira, an object of typeMolTrajectoryBundlewill be
created. A single trajectory can be accessed by attachiig/ &rajectoryobject.
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Figure 6.7: MoleculeView (left and middle) and BondAngleView (rightjsplay the molecule simultaneously.

6.2.1 Internal Structure of Molecules

An object of data typdloleculecontains information about the structure of a molecule arditomic
coordinates of one of its configurations. The mandatory pistructural information concerns the
number and types of all atoms contained in the molecule.h&litbpological information is organized
in levels which are cliques of groups. Each group contaih@mgroups or atoms. The simplest
example is the levddonds which consists of groups of two atoms.

Some levels can build hierarchies. For example, a residugists of a number of atoms, and a couple
of residues may form a secondary structure. These levelgr@ugs can be defined by file readers or
interactively viaTcl commands

6.3 Displaying Molecules

Molecules can be visualized with thdoleculeView BondAngleView SecStructureViewor Tube-
View modules. A sample output of the first two modules is shown gufe6.7.

In addition, there are two modules for generating molecsiafaces. Th&€ompMolSurfacenodule
enables you to generate teelvent accessible, solvent excludaddvan der Waals surfacesf a
molecule. TheCompMolinterfacenodule can be used to generate intra- and intermolecutafaces,
such as between single atoms or residues, or between tweufederespectively.

6.3.1 Coloring Molecules

The atom-oriented modulégoleculeView BondAngleView ConfigurationDensityandMolSurface-
View allow a coloring on a per-atom basis, i.e., each atom is asdig color. Balls in th¥oleculeView
will have the corresponding colors. Sticks will be splitaritalves colored according to their attached
atoms. In theBondAngleViewatom colors are assigned to the vertices and color is iolkztgd over
the triangles.
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To determine the coloring you can choose a level, e.g., gt@sislues, secondary structures, or chains.
Furthermore, you can choose one of the level’s attributbs.cbloring will then be done according to
the group’s attributes such that all atoms of the same gralipave the same color.

Color

‘a Color- Legend | | atoms x| | atomic_number -] ‘

A molecule may be colored according to various schemes. >&mple, each atom of a specific type
may have the same color. Another possibility is to give alhat belonging to a certain group the
same color. The first menu of ti@lor port specifies the group level, e.g., atoms, residues, sacgn
structures, or chains. The second menu allows you to dedmdehvattribute of the specified level
should be considered to color its groups.

If you press the_egendbutton, a separate window will be opened, which displaysgand of the
coloring, i.e. atable associating colors with attributkiea according to the current coloring. Clicking
on the text to the right of a color will select all atoms witlistizolor.

Continuous CM

(8 comruous cu [0 [ — 0|

This colormap is used to map values of float attributes torsolBor optimal mapping, the colormap
range must be set correctly. By default, the range is setdartimimum and maximum values that
occur using the chosen color scheme, if the button in frothefirst text field displays a capital “L".
The “L" means that the colormap usedogal range which allows you to modify the range without
affecting the range of the same colormap used in other medBlepressing the button you can toggle
betweerocal andglobalrange.

The default colormap has a constant color over the wholeeraBg leaving it constant you give all
atoms the same color, which may be useful if you want to compéferent molecules. For more
information, see the section @olormaps

Discrete CM
@osceecu 1] NN W s |

This colormap is used to map values of discrete attribuitesjitegers and strings, to colors.

Define Color

& Detine Color: 1] 5| treet | cer|

This port can be used to overwrite the standard colors ofdleeted color scheme. With tiAdl button
you can set a new color for all atoms. T8é&ar button unsets the user-defined colors for all atoms.
The SetandUnsetbuttons operate on the set of highlighted atoms. Thesersitan be used to set
and unset the colors of those atoms, respectively.
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6.3.2 Selecting and Filtering atoms

Various tasks require the selection of atoms in a molecute Most prominent are the alignment of
molecules and the selective display of molecule patsira offers two selection methods. You can
select atoms visually via any of the viewing modules. Al&ively, selection can be done via the
molecule’sselection browsehich can be opened by pressing thkeowbutton of the molecule.

6.3.2.1 Selection of Atoms with a Viewing Module

The selection of atoms with a viewing module can be done invi@gs. The first way is by clicking
on certain displayed parts of the molecule. In generalmilidighlight the selected parts. By default,
the number of atoms that will be affected by a click dependtherselected group level of tlelor
port For example, if the atoms in the viewing module are coloretbeding to theresidueslevel,

all atoms belonging to the same residue as the picked atohgetilselected. However, since this
is very restrictive, you can easily change the selectionertodhe most common levels, i.e., atoms,
residues, secondary structures, and chains. In order toseha certain level for the selection you
need to press certain keys in advanegtrl-a  chooses th@tomslevel, a click on an atom will
only influence the selection for this ator@trl-r , Ctrl-c  andCtrl-s  chooseresidues, chains
andsecondarystructurelevels, respectively. To switch back to the default behawidere coloring
determines selection, preGsrl-d

If you pick another part, the previously highlighted atomk e unhighlighted and the newly selected
atoms are highlightedCtrl -clicking a part of the molecule leaves the existing setecttate of all
atoms unchanged except for the newly selected atoms. Ieteeted atoms had been selected before,
they will get deselected, otherwise they will get selecté€h the one hand, this allows you to add
atoms to the selection, on the other hand it also allows yaieselect atoms.

If you select some group and afterwards select a second onetfre same level holding down the
Shift -key all groups between the two will also be selected. Thdt -key can also be used in
conjunction with theCtrl  -key.

If you do any selection by clicking in the viewer there will Beme output in the console window
informing you about what you have selected, the amount giudwdan be customized via tlirrefer-
encedialog, which is opened by choosing tReeferencegntry from theEdit menu. The preferences
concerningViolecular Pack are found on th&/loleculegab.

Highlighting

| Hohtiohing: Box| 0w cen |

The second way to select parts of the molecule is by usinguhetibnality of theHighlighting port.
e If you press théBoxbutton, the molecule’s bounding box will be displayed. Atias contained

in the box will be highlighted. You can change the size of the i interaction modéy clicking
on the highlighted handles (usually in a light green) of th&.lKeep the mouse button pressed
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and drag in the desired direction. Notice that the box will exceed the molecule’s bounding
box. You can also move the box within the bounding box by @figlon one of the box’s sides.
Pressing th&oxbutton a second time hides the box.

o After pressing theDraw button, you can draw a line in the viewer window which seledts
atoms that are inside the line. Pressing@te -key while drawing inverts the selection. With
theShift -key you can remove atoms from the selection.

e TheClear-key deselects all atoms and hides the box if it is visible.

6.3.2.2 Filtering atoms

Filtering atoms gives us the ability to hide parts of the moale for a certain module. All viewing
modules and some computational modules, such a€tinepMolSurfacenodule, contain &lter that
keeps track of all atoms of a molecule which are curreintlyse The termin usemeans that the mod-
ule will only see then useatoms and regard all other atoms as non-existing. Thusyangenodule
will only display thein useatoms, and the computational mod@empMolSurfacavill compute the
molecular surface ignoring thet in useatoms. Each filter will register itself at theolecule’s selec-
tion browser so that you can easily determine tineuseatoms of a module. For more information
about how to do this, see the description of $leéection browser

In most modules, the filterBufferport will be visible, which adds to the convenience. The fiore
ality of theBufferport is described below.

Buffer

‘& Buffer: P«:Id| Hemnve| Replace | ﬂ Clear|

PressingAdd will append the selected atoms to timeuseatoms. TheRemoveébutton will delete the
selected atoms from thia uselist. Replacewill first clear thein uselist and then add the selected
atoms to it. Finally, théll andClear buttons are shortcuts to delete or add all atoms from or tinthe
uselist, respectively.

6.4 Aligning Molecules

To compare the structures of several molecules it is negessaring them into a suitable geometric
arrangement relative to each other, because their abgmsitons in the common coordinate system
are generally meaningless. By arranging the moleculesrinwadifferent ways, you can investigate
various aspects.

6.4.1 Alignment of Trajectories

Molecular Pack offers a reusable component for the alignment of moleculeappears in several
modules, e.gMolecule ConfigurationDensitandMeanMoleculeHere, we will give an overview of
the available functionality.
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Two connection ports are supplied:

AlignMaster [optional]
To compute an alignment relative to a reference molecukepthrt must be connected to the reference.

PrecomputedAlignment [optional]
This port can be connected to an alignment precomputed g tise moduléPrecomputeAlignment

The control of the alignment is done via three ports, as desdibelow:

Transformation

‘& Transformation: I align to master vl |

This port allows you to specify how the molecule should bgredd. The possible options are:

none: Atom coordinates are left as they are.

center of gravity: The molecule is positioned to the coordinate center (ceritgravity) by applying
a translation.

align to master: This mode requires a master molecule to be connected te\kgeMaster port
which is used as a reference to which other moleculesslénees are aligned. We consider
correspondences between atoms from the reference maléeulmaster and atoms from the
molecule to be aligned, i.eslave The alignment is done by minimizing the sum of squared
distances between all corresponding atoms.

precomputed: This option is only enabled if th&recomputedAlignmerttonnection port is con-
nected to an alignment object that has been previously ctedplf precomputeds chosen, the
transformation will be taken directly from this object.

external: This option indicates that the molecule’s global transfdwas been explicitly set, e.g., via
the Tcl commandetTransfornor by using theTransform Editor

Select

‘& Select:illl in slavel in masterl in both”SEl 'I ‘

This port becomes importantalign to masteiis selected. It gives control over the atoms in the slave
and the master that are used for the alignment. In the gecasel master and slave molecules are
different, i.e. their numbers of atoms differ, and an aligmtrequires an explicit specification of pairs
of atoms. This can be done by highlighting atoms in both mdéscvia theMoleculeViewmodule
and then pressing thia bothbutton. Depending on whether the option menu is s&edtor Add, the
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highlighted atoms will either replace an existing list ofested atoms or otherwise will be appended
to it. The matching between atoms in the two molecules is ddfoy their order of selection.

The buttonsll, in slave andin masteroffer shortcuts for the frequent case of slave and mastengav
the same number of atoms including the assumption that ¢éheér defines a natural matching. The
easiest way is to use all atoms by pressitig Selection of a subset can be done by highlighting in
either the slave or the master and then presisistave orin master which will use the selected atoms
in the respective molecule for the other molecule, too.

Selection

a Selection empty

If align to mastelis selected, this port displays the existing state of sele¢hat is used to compute
the alignment. Possible forms are:

empty: No atoms are selected. At least three are necessary forgammedit.
all atoms: Master and slave have the same number of atoms and all aréangbd alignment.

0, 5, 6: A list of indices implies that master and slave have the sanmeber of atoms and identical
subsets have been selected.

0—7,5—6,6—5: Alist of index pairs (master index-slave index) indicates a matching resulting
from individual selections in master and slave.

6.4.2 Mean Distance Alignment

Apart from the above mentioned alignment procedure, theistsea module that allows you to align
two molecules by using thmean distanceriterion instead of thenean squared distanc&eeAlign-
Moleculesfor more information.

6.4.3 Sequence alignment

Molecular Pack allows you toalign the sequencesf two molecules. Three algorithms are avail-
able for use depending on the kind of data and your needs!, kerai-global, and global alignment.
The algorithms work both for proteins and ribonucleic acidisereas t-RNA molecules are currently
not supported because they contain modified bases. Thislenodn be very helpful when used in
conjunction with theAlignMoleculesmodule.
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6.5 Visualizing Molecular Trajectories and Metastable Coffior-
mations

A MolTrajectorycan be visualized via animation of single time steps by hiteraMoleculemodule
to the MolTrajectory and then attaching MoleculeViewor BondAngleViewio the Molecule The
animation is controlled via thilolecule’sTime port.

For MolTrajectoriesthat represent metastable conformations, the modJegnMolecule Precom-
puteAlignmentand ConfigurationDensitgan be used. ThleanMoleculenodule aligns all steps of
a trajectory and computes a mean molecule by averaging at@nyic coordinate over all time steps.
Instead of computing the mean molecule to a reference, &sthétMeanMoleculemodule, thePre-
computeAlignmemhodule allows you to find the optimal transformation of eactetstep to minimize
the overall sum of squared distances. With RenkTimeStepnodule you can search in a trajectory
for a desired time step, using different criteria, such asrisdvalue to a given reference.

The ConfigurationDensitynodule gives an impression of the fuzziness of the confaondty com-
puting a probability density for the positions of atoms addis within a molecular trajectory. This
density can then be visualized with tlesurfaceand Voltex modules.

6.6 Atom Expressions

6.6.1 Overview

Atom expressionare a query language to find and select atoms of certain gregpar the molecule
for further action. The most important application of atorpressions iramira is the highlighting
section of theSelection Browser

In amira, a molecule is separated into groups of different levelshEgoup contains a set of attributes.
(More details of this concept can be found in the descriptidhe Attribute Edito). Atom expressions
are a simple form of a relational query language which aes=tese attributes.

The simplest form of an atom expression isseaom specifierThis is a literal defining a level, one of
its attributes, and a condition for this attribute. For epteyratoms/atomic  _number=8 defines all
atoms whose atomic number attribute equals 8 (i.e., all exgy

Such atom specifiers can be combined with logical operatkbesAND ORand NOT For exam-
ple, atoms/atomic _number=8 AND NOT atoms/charge=0 will select all charged oxygen
atoms.

There are additional operators likéI THIN, BONDERNndGROURvhich apply certain conditions to
coordinates or bond structure. These are explained inoseatioperators
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6.6.2 Grammar

All possible syntaxes of atom expressions are shown in theafimg grammar. The different literals
and operators are further explained in the following setio

atomExpr— (atomExpr)
| NOT atomExpr
| atomExpr AND atomExpr
| atomExpr OR atomExpr
| WITHIN (atomExpr,float)
| BONDED (atomExpr[,int])
| GROUP (groupParts)
|CS
| atomSpecifier
atomSpecifier»  hierName/[attrName=]ID

groupParts— groupPart
| groupPart,groupParts
groupPart— groupSpecifier

| groupSpecifier [bondOrderSymbolChar] groupSpecifier
groupSpecifier~ [!] elementSymbol index

6.6.3 Literals

As mentioned in the overview, the simplest form of an atonreggion is an atom specifier. An atom
specifier consists of three literalsierName the optionahttrName andID.

hierName stands for a name of a hierarchy level (etgsidues ). The following abbreviations can
be used for the most common levels:
a=atoms, r=residues, b=bonds, s=secondémycture, c=chains

attrName is optional and specifies the name of an attribute (¢egnperature, occupancy,

type, ... ) of the given level. If it is omitted, the ID is assumed to dfpethe attribute name or
index as shown by the list command. If an attribute name ismgithe ID is assumed to stand for
values of the attribute.

To see which hierarchy levels and respective attributeslefiaed for a given molecule, take a look
at theColor portwhich is used in several modules. The right pull-down meniluskiow all available
attributes for the level chosen in the left pull-down menu.

ID specifies an identifier of a member of the given hierarchy dmbate. It can be the name/index
of the group (e.g., L112 for residue 112 on chain L) or the t{gog., ASP for all aspartate residues).
Wildcards such as * and ? may be used, or ranges (e.g., L118)uthay be given. For the atom
level there is a special case to be considered. Moleculamira usually contain an atomic number
attribute instead of an element symbol attribute. To selémins via their element symbol you can
simply typeal/element Thus the atom specifier for all oxygen atoa® is equivalent to the atom

specifiera/atomicnumber=8
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Instead of the '=" comparison you can also use the compaogenators <’/ >’/ >=' and’ <='.
Note however that they are only available for index, integet float attributes, not for string attributes.

Another atom expression form involving several literalshs groupPartsexpression which is used
with the GROUPperator. Operators will be explained in the next section.

6.6.4 Operators

Logical Operators
SeveralatomSpecifiecombinations can be used in one expression by linking thejicddly via the
operatorsAND OR andNOT(&, |, and !). Priorities can be specified using usual parentieses!) .

WITHIN(atomExpr,float) .
This operator selects all atoms which are nearerflaab A to any of the atoms specified byomExpr

BONDED(atomExpr[,int])

With this operator, all atoms that are recursively conrettbeany atoms specified ltomExprwill
be chosen. You can optionally specify an integer value dejitihe maximal bond steps. If this is
omitted, there will be no limit.

Cs
CSspecifies all currently selected (highlighted) atoms.

GROUP(groupParts)

The GROUPoperator is a powerful tool to find functional groups by skarg for a certain atom
and bond pattern in the molecular graph. To define a graphearaelspatterngroupParts) you must
divide it into linear pieces of sequential atomgaupPar). Each atom must be defined by its element
symbol and an index which distinguishes it from other atoritk the same symbol but other indices
(groupSpecifier Thus,C1C2C3would be agroupPartconsisting of three differergroupSpecifiers
representing a chain of three carbons. This group part carbeacombined with another group part
by using one of itggroupSpecifieras branch point (e.gGC201H1for a hydroxyl group branching
from the second carbon of the chain). At the beginning of egrcup specifier, there can be an
optional ‘I'. If it is given, the groupSpecifier is only usedrfmatching, but the corresponding atoms
will not be selected. (ThukC101H1 would find the hydroxyl groups without selecting the flanking
carbon, which must be given, however, to avoid selectingcsires, such as OH groups in H20). If
the atomSpecifier in question appears several times (toedefanch points), it is sufficient to mark it
with the exclamation mark once.

ConsecutiveatomSpecifiersn a groupPartare usually not divided from each other. This means that
there must be a bond of any type between the consecutive atioynsi want to define the bond order
further, you can give an optionabndOrderSymbol(‘-’ for a single, ‘=’ for a double, ‘# for a triple
and ° for an aromatic bond).

Take a carboxyl group as an example. To define the group patter central carbon atom (C2) needs
to be connected to three atoms: two oxygens (O1, O2), andtbiee carbon (C1). This can be done
in the following way:GROUP(!IC1C201,C202H1). Thus, the hydroxyl group (O2H1) is given as a
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branch of the CCO chain. There are, of course, several otigs t0 split this branch into linear pieces
which you can easily find yourself. If your molecule contaihe bond type attribute, you can also
make use of the double bond. Thus the expression becGRERJP(!IC1-C2=01,C2-02-H1) .

Notice: The keywords do not need to be in capital letters. Lower cgiters, even a combination of
lower and upper case letters, works as well.

6.6.5 Shortcuts

Molecular Pack also provides pre-defined shortcuts that have been assgrubieg the previ-
ously mentioned syntactical elements. The shortcuts cdour@ in your localamira directory in
share/molecules/atomExpr.cfg , and can be edited and supplemented.

The standard aliases included in the cur@ntra release are listed in Tab&el

6.6.6 Further Examples

e atoms/5-8

all atoms whose index is in the range 5 to 8, inclusive.
e atoms/atomic_number>1

all atoms, except hydrogens
e s/type=helix AND NOT (a/C OR a/N)

all atoms which belong to helices, except C and N atoms.
o rltype=A =

all atoms which belong to residues whose type name begihshétletter A.
e BONDED(a/4 OR a/100,6)

all atoms which are connected via at most 6 steps to the twofggbatoms
e WITHIN(r/A11,3.1) AND C

all carbon atoms which are not away further than 3.1 angtrivam atoms of residue 11 on
chain A

e GROUP(C1C2C3C4C5C6C1)

all cycles consisting of 6 carbons (e.g., cyclohexane).
e acidic AND helix

all atoms of acidic amino acids which belong to helices
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acidic
acyclic
aliphatic
alkali
alkaliearth
all

amino
aromatic

at
backbone
basic
buried

cg

charged
cyclic

h20

helix
halfmetallic
halogens
hetero
hydrophobic
ions
metallic
neutral
noblegas
nonmetallic
nucleic
nucleicbackbone
polar
proteinbackboneg
purine
pyrimidine
sheet
sidechain
site

surface

turn

acidic amino acids

acyclic amino acids

aliphatic amino acids

atoms which are alkali metals

atoms which are alkali earth metals
selects everything

amino acids

aromatic amino acids

adenine or thymine

atoms of protein or DNA/RNA

basic amino acids

amino acids which are usually found inside the protein
cytosine or guanine

charged amino acids

cyclic amino acids

water molecules

helices

atoms which have half metallic properties
halogenic atoms

heterogenic atoms

hydrophobic amino acids

charged heterogenic atoms

atoms which have metallic properties
neutral amino acids

atoms which have noble gas properties
atoms which have nonmetallic properties
nucleic acids

backbone atoms of RNA/DNA

polar amino acids

backbone of a polypeptide

adenine or guanine

cytosine or thymine

sheets

atoms of the protein/RNA/DNA which do not belong to the bamhé

amino acids which tend to be found on the surface of molecules

Table 6.1 Predefined expressions for selecting parts of moleculasira.
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Chapter 7

VR Pack Configuration

VR Pack is anamira extension providing support for large tiled displays ashaslimmersive multi-
wall displays likeCAVEsor HolobenchesVR Pack supports multi-threaded rendering on multi-pipe
machines, head tracking, active and passive stereo modesn@ed 3D user interaction, soft edge
blending and many more. Any VRCtackdcompatible tracking system can be used together with
VR Pack. Existingamira modules can be directly used in an immersive environment ésns of

3D menus. In addition, a simple API is provided, allowing@eveloper Pack programmer to add
display modules with a specific interaction behavior. Bagig with version 4.0/R Pack can also

be run on a graphics cluster. The particular requiremerddianitations of this cluster version are
described in a separate section below.

The documentation 0fR Pack is separated into the following parts:

e VR Pack essentials

e Flat screen configurations

e Immersive configurations

e Calibrating the tracking system
e TheVR Pack cluster version

e Service management

e 3D user interaction
e User-defined 3D-menu items
e Writing VR Pack custom modules

e AmiraVR control module reference
e Config file reference
e AmiraVR tutorials and demos



7.1 VR Pack essentials

VR Pack can be configured in many different ways. A particlf& Pack configuration is described
in a config file undeSAMIRA_ROOT/share/config  or SAMIRALOCAL/share/config . The
config file contains things like the physical extent of theestis of the display system, information
about the X display or the parts of the desktop mapped ontsdieens, as well as calibration data for
the tracking system.

WhenVR Pack is installed theamira main window provides an additional menu labe@ohfig This
menu lists all config files found in the config directory. Ongeeaticular configuration is selected, an
VR Pack module is created (if there not already exists one). Depenoti the particular configuration
theVR Pack module allows one to to connect to the tracking system, tibizde the tracking system,
and to activate additional options.

The trackd server

VR Pack makes use of the VRC®ackd software in order to access the tracking system. However,
trackd itself is not part o¥/R Pack. It has to be purchased and installed separately. For mfoe in
mation about this product please refemaw.vrco.com or www.mc.com/tgs

Before a tracking system can be usedMR Pack the trackd server has to be started. The server
connects to the tracking system and provides the actudddrand controller data in two shared mem-
ory segments, which are read agnira. In contrast to previous versions ¥R Pack, it is no longer
necessary to manually link additional libraries likerackdAPI.so into theamira lib directory.
Once the trackd server is running it can be accessed autmaihati

Starting amira

After VR Pack has been installedmira can be started as usual. However, in order to activate par-
allel rendering of screens assigned to different threadms@mira should be started with thent
command line options. This option enables multi-threadimgorder to permanently activate multi-
threading, the environment variabdMIRAMULTITHREADcan be set. In order to disable multi-
threading whe®AMIRAMULTITHREADS set,amira can also be started with thet command line
option (single-threaded mode).

Note: On SGI Onyx systems there are known problems with the Opentkrdelated to the use of
texture objects in different OpenGL contexts. If you aredening more than one screen on a single
pipe, you should define the environment variaBIRANQCONTEXTSHARING This bug will
probably be fixed in IRIX 6.5.17 and higher.

7.2 Flat screen configurations

A flat screen configuration consists of usually two or moreesns forming a bigger 2D virtual graphics
window commonly called &led displayor power wall Users can interact with the ordinary 2D mouse,
i.e., mouse events in the different windows are translatetliaterpreted in the 2D virtual window.
There is no need for a tracking system in case of a flat scregfigooation. For such a configuration
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the only option provided by théR Pack control module is a stereo toggle allowing the user to enable
or disable stereo viewing. Besides standard OpenGL adi@res modes passive stereo modes can
also be configured. In the most simple case this is done byidgfiwo full screen windows on two
different channels, one for the left eye view and one for itjletieye view. This particular configuration

is illustrated in Figur&.L Other passive stereo configurations are possible tog gesgper-wide tiled
passive stereo configuration with four channels (left sidiedye, left side right eye, right side left eye,
right side right eye), possibly with an overlap region foftserige blending.

The main advantage of a flat screen configuration is its easseof There is no need for a tracking
system. Flat screen configurations are well suited for pteatiens targeted to a larger audience, e.g.,
presentations in a seminar room or in a lecture hall.

In the following we describe some common flat screen configams in more detail, namely a
standard-resolution two-projector passive stereo cordigan, a super-wide two-projector mono con-
figuration with soft-edge blending, and a tiled 2x2 four4chel monitor configuration. For some
cases also hardware solutions are available, namely $pecj@ose video splitters converting an in-
terlaced active stereo signal into separate non-intatlefeeye and right eye signals for the passive
stereo case, or hardware edge-blending units for blendeersuide configurations. However, these
hardware solutions are usually expensive and less flexitierefore they are often not suitable for
temporary demonstrations or experiments.

e A two-channel passive stereo configuration
e A super-wide configuration with soft-edge blending
o A tiled four-channel 2x2 monitor configuration

7.2.1 Example: A two-channel passive stereo configuration

For a single-screen passive stereo projection system wem\projectors emitting orthogonally polar-
ized light are required. One projector displays the left ieyage, the other one the right eye image.
This is illustrated in Figur&.1 Both images are projected onto a non-depolarizing scriéeereising
front projection or rear projection. Observers wear slidight-weight polarized glasses so that each
eye only sees its own image, but not the image determinetiéonther eye. Without special-purpose
hardware such a passive stereo projection system can temdinifull screen mode even using a very
inexpensive low-end dual-head graphics adapter (for el@hyidia GeForce2 MX TwinView).

We assume that the dual-head graphics computer is configorddat the left half of the desktop
is output on one channel and the right half is output on therothhannel. Here is theR Pack
configuration file:

#lnventor V2.1 ascii
Separator {

SoScreen {
name "Left eye view"
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Figure 7.1 Sketch of a single-screen passive stereo projectionrayste

channelOrigin 0 0

channelSize 051
tileOrigin 00
tileSize 11
cameraMode LEFT_VIEW
}
SoScreen {
name "Right eye view"
channelOrigin 0.5 0
channelSize 051
tileOrigin 00
tileSize 11
cameraMode RIGHT_VIEW
}

The fieldschannelOriginand channelSizéndicate that the two windows exactly cover the left half
and the right half of the desktop. The fieldleOrigin andtileSizeindicate that both screens should
display the full viewer window, i.e., there is no tiling at.aFinally, the fieldcameraModendicates
that one screen should display the left eye view and the thieaight eye view. Note that the graphics
computer need not to support active stereo for this configuraln order to change the default stereo
parametersye offseandstereo balanc¢he following standardmira Tcl command can be used:
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Figure 7.2 Sketch of a super-wide projection system with soft-edgadiing.

viewer 0 setStereo [-b <balance>] <offset>

Here<offset> denotes the eye offset artbalance> denotes the stereo balance, i.e., the loca-
tion of the zero parallax plane. Depending on the balanagevabjects appear to be in front of the
projection screen or behind it.

7.2.2 Example: A super-wide configuration with soft-edge tdnding

Super-wide images with two times the XGA- or SXGA-resolatzan be displayed using two pro-
jectors and a low-end dual-head graphics adapter (for ebeaMyidia GeForce2 MX TwinView).
However, often it is very desirable to have an overlap betvibe two projected images. In the over-
lap region one image softly fades out from full intensity tadk, while the other image fades in from
black to full intensity. This technique is callebft-edge blendingcompare Figur&.2). With soft-
edge blending the border between the two projected imagesies almost invisible/R Pack is able

to generate two partially overlapping images. In additibe, soft-edge can be computed in software.
With these features perfect full-screen demos can be presen a super-wide projection system.

We assume that the dual-head graphics computer is configordtht the left half of the desktop is
output on one channel and the right half is output on the athannel. We further assume that there
is a 20 percent overlap between the projected images of thgtwajectors. Here is th&R Pack
configuration file:

#Ilnventor V2.1 ascii
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Separator {

SoScreen {
name "Left half"
channelOrigin 0 0
channelSize 051
tileOrigin 00
tileSize 06 1

softedgeOverlap [ 0, 0.2, 0, 0 ]
softtdgeGamma [ 0, 1.2, 0, 0 ]

}
SoScreen {
name "Right half"
channelOrigin 0.5 0
channelSize 051
tileOrigin 04 0
tileSize 06 1
softedgeOverlap [ 0.2, 0, 0, O ]
softtdgeGamma [ 0, 1.2, 0, 0 ]
}

}

The fieldschannelOriginandchannelSizendicate that the two windows exactly cover the left half and
the right half of the desktop. The fieltdeOrigin andtileSizeindicate that both screens display an area
of 0.6 times the width of the full tiled window. The first scredisplays the left half of that window,
the second screen displays the right half. The feiffEdgeOverlagpecifies the relative width of the
soft-edge region at the left, right, bottom, and top bordehe screen. For the first screen there is a
20 percent soft-edge region at the right border, for the sg@careen there is a 20 percent soft-edge
region at the left border. Finally, the fiedtftEdgeGammspecifies the gamma factor for the soft-edge
region. The gamma factor determines how the fading fromifisdinsity to black is done. A gamma
factor of one means a linear transition in terms of RGB valtigsvever, since RGB values are usually
not mapped linearly to light intensity by the video projeatften a decrease of overall light intensity
is observed in the overlap region. In order to compensatthisia gamma factor larger than one can
be used.

In order to facilitate the initial calibration of a superdei projection system with soft-edge blending
theVR Pack module provides a special-purpose Tcl commsgiboftEdgeThis command is used in
the following way:

AmiraVR setSoftEdge -g <gamma> <overlap> [<overlap>...]

This command automatically creates a two-screen configaraimilar to the one above. However,
the correct values faileSize tileOrigin, andsoftEdgeOverlajare computed automatically from the
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relative overlap value. By gradually adapting this value tlorrect settings for a given but unknown
setup of the projection system can be easily found.

7.2.3 Example: Atiled four-channel 2x2 monitor configuraton

There are some interesting graphics workstations with wmahannel graphics pipes. One example
is the SGI Octance Fuel. With such a computer four differeahitors or projectors can be used.
For some purposes it is useful to have a single viewer suthetivinto 2x2 parts and each part being
displayed by a different monitor. Such a configuration caedsly created usingR Pack.

We assume that the graphics computer has two pipes with taonets each. The two pipes are
configured as two separate X11 screefd) and:0.1 . The left and right part of each screen
is output on the two different channels of the particularepihen the configuration files looks as
follows:

#lnventor V2.1 ascii

Separator {

SoScreen {
name "Upper left monitor"
display "0.0"
channelOrigin 0 O
channelSize 051
tileOrigin 0 05
tileSize 0.5 0.5
threadGroup 0
}
SoScreen {
name "Upper right monitor"
display "0.0"

channelOrigin 0.5 0
channelSize 0.5 1

tileOrigin 0.5 0.5
tileSize 0.5 05
threadGroup 0

}

SoScreen {
name "Lower left monitor"
display "0.1"
channelOrigin 0 0O
channelSize 051
tileOrigin 00
tileSize 0.5 05
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threadGroup 1
}
SoScreen {
name "Lower right monitor"
display "0.1"
channelOrigin 0.5 1
channelSize 0.5 1
tileOrigin 050
tileSize 0.5 0.5
threadGroup 1

Since the two X11 screen8.0 and:0.1 are driven by two independent graphics pipes it makes
sense to perform the rendering on these pipes in parall&.idkdone by assigning the corresponding
screens two different thread groups. Note that for all comewrrent graphics architectures it makes
no sense to render multiple windows on the same pipe in parallypically, this even implies a
significant performance decrease. Therefore, here we Ugdvem thread groups instead of four. In
order to actually activate parallel renderiagira must be started with the command line optiant .
Alternatively, the environment variabFeMIRAMULTITHREADan be defined.

7.3 Immersive configurations

In VR Pack an immersive configuration differs from a flat screen configion mainly in the way the
screens are described in the config file. While for a flat sceeafiguration it was sufficient to specify
which part of a big 2D virtual screen was covered by each scifee an immersive configuration the
true physical coordinates of the screens have to be spedffireniving the exact spatial arrangements of
the screens has the advantage that correct perspective e@evwbe computed for all screens, provided
the 3D position of the observer is also known. In particulag, different screens no longer need to be
arranged in a plane. Instead, the screens might be arraegeeralicular to each other like inGAVE

or on aHolobench In fact, VR Pack supports any other oblique arrangement as well.

Since the 3D position of the observer need to be known in dodeompute correct perspective views
usually the observer’s eye position is tracked in an immersnvironment. I'VR Pack this so-called
head trackingcan be achieved using a variety of different tracking systemstead of accessing the
tracking system directly an intermediate software layeisisd, namely theackd software of VRCO.
trackd runs as a server, communicates with the tracking systemstmds the tracking data in a
shared-memory areas which then is read/By/Pack. Using a second sensor not only the observer’s
eye position can be tracked, but also the position of a Miviaad, i.e., a kind of pointing or interaction
device to be held in a hand. For large planar screen configngit sometimes also makes sense to use
a virtual wand without head tracking. The images then wilaats be computed for a fixed observer’s
eye position. Image flicker due to noise in the tracking datavbided, which is an advantage for 3D
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demonstrations in front of a larger audience.

Obviously, immsersive configurations are more difficult ébup than flat screen configurations. Be-
sides defining a suitabMR Pack configuration file, also the tracking system and tfeekd server
have to be properly initialized. Finally, the tracking ®msthas to be calibrated for use witiR Pack.

In the following sections we first want to present some exansphfig files for common immersive
environments. In particular config files for a single-wallnoench, for a double-wall Holobench,
and for a four-sided CAVE shall be discussed. The processldirating the tracking system and
customizing 3D user interaction is described in subsegzemtions.

e A Workbench configuration
e A Holobench configuration
e A CAVE configuration

7.3.1 Example: A Workbench configuration

A single-screen 3D projection system is often called an imsime workbench. The actual projection
screen can either be in up-right position, or it can be oeiétike the surface of a table. Of course, any
other orientation is possible too. There are even devikeslhie Barco Baron with can be arbitrarily
tilted between fully horizontal and fully vertical positioForVR Pack there is no difference between
these configurations, as long as the tracking system isra#dithin the right way. Traditionally a work-
bench is driven by a CRT projector using active stereo. Hewaoday also passive stereo systems
based on two LCD or DLP projectors become more common. Indhégfile below we assume that
an active stereo system is used, or that a passive steremrsisstonnected via an apropriate signal
splitter. This means that the workbench can be used with tamgard stereo-capable graphics com-
puter. No dual-head or multi-pipe computer is necessaryeXample of a single-screen workbench is
shown in Figurer.3.

An VR Pack config file for driving a single-screen immersive workbendthva tracked 3D input
device but without head tracking is listed below. Insteaadatfially tracking the observer’s eye position
in this case a fixed default camera position is used. This eamsbful for demonstrations in front of
small or medium-size groups, since it produces less fidgag@s. In addition, it saves a second sensor
for the tracking system.

#Inventor V2.1 ascii

Separator {

SoScreen {
name "Workbench"
lowerLeft 000
lowerRight 170 0 O
upperRight 170 130 O
upperLeft 0 130 0
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Figure 7.3 A single-screen 3D projection system.

cameraMode ACTIVE_STEREO
}
SoTracker {
server "4147:4148"
autoConnect TRUE
wandTrackerld 0
headTrackerld -1
defaultCameraPosition 85 65 140
defaultObjectPosition 85 65 0
referencePoints [ 0 0 0, 170 0 0, 170 130 0, 0 130 0 ]
}

In the SoScreesection of the config file the physical coordinates of the fmrners of the workbench
are defined. This can be done using an arbitrary right-handedlinate system with arbitrary units.
In this case the coordinates might be specified in centirmet€he origin of the coordinate system
was chosen in the lower left corner of the screen. By defadli|l-screen graphics window is opened
when activating this configuration. The fieldmeraModendicates that the graphics window should
be opened in active stereo mode by default.

In the SoTrackersection of the config file the tracking system is describedst e shared memory
ids of the trackd server as specified in tineckd.conffile are listed. The syntax i&l of controller
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reader:id of tracker reader The autoConnecfield indicates that a connection to the trackd server
should be established automatically as soon as the cortiiguia activated wandTrackerlddenotes
the trackd sensor id of the 3D input device. Head trackingsalided by settingpeadTrackerldo -1.
Instead the default camera position set in the line belovgésluThis position must be specified using
the same coordinate system as the screen. In this case tlecEnocated 140 cm in front of the
screen’s center. The default object position is the pasitihere the scene is placed by default (or
whenever aview allrequest comes from the viewer).

At the end of the config file four reference points are specifieanely the four corners of the screen.
Before the configuration can be actually used, the trackystesn has to be calibrated (see section
7.4). This is done by placing the input device at the referendatp@nd clicking an input button.
Once the tracking system is calibrated, the config file shbeldvritten by clicking thewrite config
button of theVR Pack control module. The new config file will contain the same infiation listed
above, but in addition it will also contain some calibratitata, e.g., the transformation between raw
tracker coordinates and screen coordinates.

7.3.2 Example: A Holobench configuration

A Holobench (TM) is a special display system consisting o sereens oriented perpendicular to
each other. One screen is oriented vertically, the othei®ngented horizontally like a table. On a
good Holobench there is almost no visible border betweervibescreens. Provided the observer’s
eye position is known, correct perspective views can be cetpso that the displayed scene finally
does not appear to have any break. However, in contrast tigesscreen workbench this is only the
case for the tracked observer. Other spectators will molessrclearly notice a break.

In order to drive a workbench at least a stereo-capable liegad- graphics computer is required. In
principle, two different settings are possible. Eitheerthis a big desktop and one half of it is output
on a first channel and the other one is output on a second cha®@nethere are two independent
graphics adapters (pipes) which are configured as two difteX11 displays or as one display with
two X11 screens. In the config file below we assume, that thktdigss split into two halfs (left and
right). An example of how to use a multi-pipe graphics compig presented in the next section where
a 4-sided CAVE configuration is described.

#lnventor V2.1 ascii

Separator {

SoScreen {
name "Vertical Screen"
lowerLeft 000
lowerRight 180 0 O
upperRight 180 110 O
upperLeft 0 110 O

channelOrigin 0 O
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channelSize 051

cameraMode ACTIVE_STEREO
}
SoScreen {
name "Horizontal Screen (rotated)"
lowerLeft 180 0 O
lowerRight 00O
upperRight 0 0 110
upperLeft 180 0 110
channelOrigin 0.5 0
channelSize 051
cameraMode ACTIVE_STEREO
}
SoTracker {
server "4147:4148"
autoConnect TRUE
wandTrackerld 1
headTrackerld 0
leftEyeOffset 6 0 O
rightEyeOffset 13 0 O
defaultCameraPosition 90 55 110
defaultObjectPosition 90 20 20
referencePoints [ 60 0 110, 120 0 110, 120 0 55, 60 0 55 ]
}

Inthe twoSoScreesections of the config file the geometry of the Holobench isidiesd by specifying
the physical coordinates of the four corners of each screfem.arbitrary right-handed coordinate
system with arbitrary units can be chosen. Here the coaiebrare specified in centimeters and the
origin was put in the lower left corner of the vertical scre@iotice, that the horizontal screen was
rotated by 180 degress with respect to the vertical screeniristead of the upper left corner the lower
right corner of the horizontal screen is located at the orighis is because the horizontal image of a
Holobench is usually projected that way. If the correspngdidbwer scan-lines of the two images meet
at the border between the two screens artifacts due to dktagponse of the active shutter glasses are
avoided. The fieldshannelOriginandchannelSizéndicate that the graphics window for the vertcial
screen should be opened on the left half of the desktop, \heélgraphics window for the horizontal
screen should be opened on the right half. Both windows aemexin stereo mode by default as
specified bycameraMode

In theSoTrackesection of the config file the tracking system is describekt Fie shared memory ids
of the trackd server as specified in thackd.confile are listed. The syntax id of controller reader:if

of tracker reader The autoConnecfield indicates that a connection to the trackd server shbald
established automatically as soon as the configuratiortiigaged. wandTrackerlddenotes the trackd
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sensor id of the 3D input deviceeadTrackerldlenotes the trackd sensor id of the head sensor which
is usually mounted at the shutter glasses. The fieltSyeOffseandrightEyeOffsespecify the actual
position of the eyes with respect to the head sensor. Stgrdifront of the Holobench the x-axis
points horizontally to the right, the y-axis points upwaralsd the z-axis points towards the observer.
In this case we assume the head sensor to be mounted on tkeléefif the glasses since both left
and right eye have a positive offset in x-direction. The difeamera position and the default object
position both are specified in the same coordinate systeheascteens. The default camera position
is only used if the tracking system is disconnected. Theuliefdoject position is the position where
the scene is placed by default (or wheneveieav allrequest comes from the viewer).

At the end of the config file four reference points are specifieanely four points on the horizontal
screen. Before the configuration can be actually used,dlkitrg system has to be calibrated (see sec-
tion 7.4). This is done by placing the input device at the referendgetp@nd clicking an input button.
The reference points were chosen so that they can be easégsed with the hand. In addition, it is
important that the points are well inside the operating eamighe tracking system. During calibration
the raw coordinates of the wand sensor are displayed, soayoaheck if these values are reasonable.
Once the tracking system is calibrated, the config file shbeldvritten by clicking thewrite config
button of theVR Pack control module. The new config file will contain the same infiation listed
above, but in addition it will also contain some calibratitata, e.g., the transformation between raw
tracker coordinates and screen coordinates.

7.3.3 Example: A 4-side CAVE configuration

A CAVE (TM) is a more or less fully immersive VR display systemith the shape of a cubical box.
Typically the size of the box is something like 3 x 3 x 3 metdrlree, four, five, or even six sides of
the box are implemented as projection screens. In this wapaerver inside the box can completely
dive into a virtual world. In order to compute correct perspe views the eye position of the observer
need to be tracked. Other non-tracked observers will pezabstorted images, especially at the edges
between the individual walls. A schematic view of a 3-side/EAs shown in Figure .4

TheVR Pack config file listed below was designed for a 4-side CAVE. In otdedrive such a system
four different images need to be generated, one for the,fbmitom, left, and right wall repectively.
This can be done for example using a two-pipe SGI Onyx sysEamh pipe has two channels. Thus
it is able to output two differentimages. We assume thagtieeone X server running on the machine.
The two pipes are configured as two independent X11 screensted:0.0 and:0.1 . On each
X11 screen there is a double-wide desktop. The left half edight half of the two desktops are
output by the two different channels of each pipe. For sudttting theVR Pack config file looks as
follows:

#Inventor V2.1 ascii

Separator {

SoScreen {
name "Front"
display ":0.0"
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Figure 7.4 Schematic view of a 3-side CAVE system.

lowerLeft 000
lowerRight 300 0 0
upperRight 300 300 O
upperLeft 0 300 O
channelOrigin = 0 O
channelSize 051
cameraMode ACTIVE_STEREO
threadGroup 0
}
SoScreen {
name "Bottom"
display ":0.0"
lowerLeft 0 0 300
lowerRight 300 0 300
upperRight 300 0 O
upperLeft 000
channelOrigin - 0.5 0
channelSize 051
# If the bottom image is rotated try this:
# lowerLeft 300 0 0
# lowerRight 000
# upperRight 0 0 300
# upperLeft 300 0 300
# This modifies the \amira gradient background
backgroundMode BG_LOWER
cameraMode ACTIVE_STEREO
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threadGroup 0
}

SoScreen {
name "Left"
display "0.1"
lowerLeft 0 0 300
lowerRight 000
upperRight 0 300 0
upperLeft 0 300 300
channelOrigin 00
channelSize 051
cameraMode ACTIVE_STEREO
threadGroup 1

}

SoScreen {
name "Right"
display "0.1"
lowerLeft 300 0 0
lowerRight 300 0 300
upperRight 300 300 300
upperLeft 300 300 O
channelOrigin 050
channelSize 051
cameraMode ACTIVE_STEREO
threadGroup 1

}

SoTracker {
server "4147:4148"
autoConnect TRUE

wandTrackerld 1
headTrackerld 0
leftEyeOffset 6 0 0
rightEyeOffset 13 0 0
defaultCameraPosition 50 50 100
defaultObjectPosition 50 50 0
referencePoints [
0 150 100, 0 150 100, 100 150 0O, 200 150 0, 300 150 100 ]

7.4 Calibrating the tracking system

This section describes how to calibrate a tracking systenuge inVR Pack. Here, calibration
essentially means finding the transformation between thi¢reacker coordinates and the coordinates in
which the geometry of the display system, i.e., the cornittsaoscreens, has been defined. Calibrating
the tracking system does not involve changing the trackdigfite trackd.conin any way. Instead the
calibration data is completely stored in iR Pack config file. Usually the tracking system need to be
calibrated only once. A new calibration is necessary fongxe if the antenna of an electromagnetic
tracking system is moved with respect to the display sysikthe screen of a single-wall immersive
workbench is tilted, or if a new 3D input device is used whée3D sensor is oriented in a different
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way. The only part of the calibration process which one mightat many a time is picking the wand.
Picking the wand means to specify the offset between theabptsition of the 3D input device and
the visual representation of the wandamira. Sometimes it is useful not to have any offset, while
sometimes an offset provides more pleasent less exhawsbirking conditions. The wand offset can
be quickly adapted even multiple times within a singlR Pack session.

Below there is a complete step-by-step description of thibradion process. Before starting calibra-
tion make sure that you have a valiR Pack config file for your particular display system and that the
trackd software and the tracking system itself are setupenight way. In particular, make sure that
the tracker coordinates are reported in a right-handediauate system. Many electromagnetic track-
ing systems cannot distinguish between two opposite hdraiss. In therackd.confiile you have to
specify in which hemisphere you want to operate. If the wrbagisphere is specified a left-handed
coordinate system is used, which cannot be correctly eédrinamira.

1.

200

Make sure that the trackd server is running and that tiekitrg system is operating. Stannira
and choose the appropriate configuration from the main wirglGonfigmenu.

. IntheVR Pack control module connect to the tracking system if necesgertvate thevalues

toggle in order to display the current 3D coordinates in thyeau left corner of the main screen.
Make sure that the coordinates are changing if you move thef3@ device and the head sensor
(unless head tracking is disabled in ¥R Pack config file). Make also sure, that the button
status changes if you press a button of the 3D input device.

Note: Unless you are in calibration mode the coordinatesrted by thevaluesoption are
transformed coordinates, i.e., they are in the same coatelgsystem in which the screens in the
config file have been defined.

Hint: If the wand tracker and the head tracker seem to be egdthmodify the fieldsvand-
TrackerldandheadTrackerldn the VR Pack config file.

. Click theCalibratebutton of theVR Pack control module. You are now in calibration mode. A

fixed 2D control grid is displayed on all screens. You are ested to click at the first reference
point. In the current version &fR Pack, the control grid is not guaranteed to match the actual
reference points. However, you could choose the refereoitgsoin the config file to be at the
corners of the control grid (one third and two thirds of theesn width in horizontal direction,
one half of the screen height in vertical direction). Besittee number of the reference point
its coordinates as specified in the config file are displayeterupper left corner of the main
screen.

Now move the 3D input device at the first reference point aiok eny button of the device.

Note: Make sure that the raw tracker coordinates which alayed in the upper left corner

of the main screen are valid at the reference point. Someeeyist report zero values if the

sensor is outside the operating range of the tracking sysfamme other devices report non-
sense values, typically with large oscillations. If you dget stable values at a reference point,
choose some other point in tMR Pack config file.

. Next you are asked to click at second reference point usie@D input device. Repeat the

above procedure until all reference points have been Idcate
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Note: If not at least three different reference points arcgjed in the config file, by default
the upper left, lower left, and lower right corner of the fissteen are used as reference points.
You may want to specify other reference points or a largertmemof reference points in order
to improve accuracyTl he reference points must not lie all on one lifdowever, they may well
be located in a common plane, e.g., in the plane of the ma@eacr

5. Next, you need to align the glasses for head tracking. Mewé head tracking is disabled in
theVR Pack config file, this step is omitted.

Align the glasses parallel to the x-axis of the screen coatei system. Usually the x-axis will
oriented horizontally with respect to the front screen efdisplay system. The up-direction of
the glasses should be aligned parallel to the y-axis of tteegsccoordinate system. Usually the
y-axis will be oriented vertically with respect to the fratreen. Once you have aligned the
glasses click any button of the 3D input device.

6. Now camera calibration is done and correct stereoscoyzgés should be displayed. As a final
step you are requested to pick the wand in order to define the wtiset. The wand is being
displayed half-way between the current eye position (ordéfault camera position, if head
tracking is disabled) and the default object position. Noawvemthe 3D input device near the
origin of the wand (or at any other position) and click anytbnt The virtual wand remains
stick to the 3D input device in exactly that position. You capeat this last calibration step any
time by clicking on thepick wandbutton of theVR Pack module.

Hint: If you don't get a clear 3D image of the wand make suré d&fd right eye images are
not exchanged. If the eyes are exchanged you get a resulhwbhimehow also looks 3D but
which isn’t comfortable to work with at all. Also make suretfthe fielddeftEyeOffseand
rightEyeOffsetire set correctly in the config file.

7. At this point, the calibration is finished. You may now wémtvrite a newWR Pack config file
(or to overwrite the original one) in order to save the calitan data permanently. This can be
achieved most easily by pressing tlgte configbutton of theVR Pack module. Pressing this
button causes thamira file browser to be activated. You can accept the name of theque
config file or choose a new one.

When reloading the new configuration calibrated trackea dali be generated automatically.
You can verify the correctness of the calibration processuoying on thevaluestoggle and
moving the 3D input device to one of the reference points.réperted values should be almost
the same as the coordinates of the reference point specifted config file.

7.5 TheVR Pack cluster version

The VR Pack cluster version is an extension allowiiR Pack to be used on a graphics cluster. A
graphics cluster consists of multiple computers connedted network. Each computer controls one
or more screens of a multi-wall display systeviiR Pack synchronizes the different nodes, and ensures
that same scene is rendered simultaneously from diffenspectives. Th¥R Pack cluster version
facilitates parallel multi-pipe rendering. It does notsgeip ordinary computations by distributing
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them across multiple nodes of the cluster. Instead, on eade a separate instance aira is
running, with the complete network and all data being d@hid. Changes afmira modules made
on the master node will be propagated to the slave nodes awditexd synchronously. A 2D mouse
can be used to manipulate data on the master node.

Requirements:

All data files and scripts must have the same absolute file pathll nodes of the cluster.
Likewise, amira must be installed at the same location on all nodes. For coenee, it is
recommended to ruamira from a mounted file system. This ensures that the same sanipts
config files will be used on all nodes.

All nodes of the cluster should be of the same type. If difféteardware is used, it is possible
that the cluster will run out-of-sync because of round-ofées. Rendering speed is limited by
the slowest node of the cluster.

All nodes of the graphics cluster must be able to communiadite each other via a TCP/IP
connection. A standard 10 Mbit ethernet connection is fastigh, since only synchronization
commands are exchanged, rather than images or raw datablock

The graphics cards of the different nodes must be genlockiédangenlock cable. Currently
only a small number of graphics cards (such as WildCat or SUN Boards) provide genlock-
ing. Genlocking ensures that the video refresh cycles arehspnized.VR Pack itself only
synchronizes OpenGL buffer swaps.

Limitations:

The focus of the/R Pack cluster version is on working in a VR environment. Consedjyen
all manipulations performed in VR mode, e.g., via the 3D maevill be properly synchronized.
On the other hand, currently not all manipulations made emhster node via the conventional
2D user interface will be synchronized.

The general work flow is to first create a network in standarderan the master node, and then
to load this network from file in cluster mode. Currently, yeannot create new modules via an
object’s popup menu in cluster mode, nor you can interdgtisfeange connections via the 2D
user interface.

Some modules such as PlanerLIC or DisplaylSL make use obramiimber generators. Cur-
rently, it is not ensured that the resulting numbers are ygvwhe same on all nodes. Conse-
guently, different visual results might be obtained onetint nodes.

Any kind of 2D mouse interaction in a 3D viewer window also lwibt be synchronized in
cluster mode. Thus you cannot draw a lasso area with the 2Benddouse manipulation and
interaction are entirely disabled on slaves nodes.

Editors and clip planes are not synchronized in cluster mode

Loading a new cluster config file removes all visible objeotsrf the Pool.

Running VR Pack cluster
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The following steps are required to run tfi& Pack cluster version:

1

2.

. InstallVR Pack on every node of the graphics cluster under the same abgmdthename, or

better yet, create a mounted file system with the same alegudtih name on every node.

Create a standardR Pack config file describing the geometry of your display system.

Then add a fieldhostnamein each screen section. This field indicates on which node

the screen will be rendered. The config file must be stored bnaales in the directory

$AMIRA_ROOT/share/config

. Choose one node as the master node. Aiteira installation, a daemon is started by a service
on Windows systems and inetd on Unix/Linux systems. StBrfPack on the master and select
your cluster configuration from the config menu. Slave instanofVR Pack should now be
started on all nodes specified in the config file.

To use the oldclusterdaemon option, stop the daemon (sservice managemeérdnd replace
step 3 by the following steps:

1. Choose one node as the master node. On all other nodearsieatwith the command line

option -clusterdaemon . With this option a little daemon is started, to which the taas
process can talk. The daemon automatically starts a slatemice of the reamira if necessary.

2. StartVR Pack on the master node. Then select your cluster configuration fhe config menu.

Slave instances ofR Pack should now be started on all nodes specified in the config file.

3. Next you can load any standaasnira network script. For example, open the online help

browser on the master node and choose one of the staiiR@ack tracking demos. The
particular script will be loaded on all slaves as well. Onse@pt has been loaded, all standard
VR Pack interaction modes are available in cluster mode too.

7.6 TheVR Pack service

Note: To manage thamira service, you must have administrator privileges (Windowspot privi-
leges (Unix/Linux).
How to stop, start, and restart theamira service ?

e On Windows platforms:
During system initialization, a Windows service is star{edhiraservice.exe ), which
manages the daemoanjiradaemon.exe ).
Service managementis done through a Windows interfacelfedwvia the Control Panel (select
Administrative tools, then Services) or with the followingmmandservices.msc /s

e To start the daemon, seleainira service in the list, then select Start from the Action

menu.
e To restart the daemon, selerhira service in the list, then select Restart from the Action
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menu.
e To stop the daemon, seleammira service in the list, then select Stop from the Action

menu.
Note: To install or uninstall the service, run theerviceinstall.exe or
serviceuninstall.exe programs located in thPAMIRA_ROOT/bin directory.

Warning about virtual drives: The service does not support logical or network volumes.
Indeed, such virtual drives do not exist in the service etienucontext. You must spec-
ify full paths constructed according to the universal nagntonvention (UNC), such as
\\remotemachine\directory

For example, to install the service from a virtual dri& targeting a distant mount
point \\remotemachine\directory , do not launch the installer frorg:, but from
\\remotemachine\directory . Then, for the same reason, the user should not load
data from virtual drives becaussamira slaves cannot resolve virtual paths unless they are
below $AMIRA_ROOT, in which case data paths are re-interpreted on slaitestive local
$AMIRA _ROOT.

On Unix/Linux platforms:

Mercury provides a full set of shell scripts in order to mamdlgeamira daemon. They are
located in the directorAMIRA ROOT/setup .

Two shell scripts, installgerviceSetup.sh ) and uninstall gerviceUninstall.sh ),

are available to cause tr@mira daemon to be launched or not during system initialization.
They requireinetd or xinetd to be installed on the machine. If neither of these services
managers is available, the user will have to launcletin@a daemon manually.

The installation scriptderviceSetup.sh ) can take the following parameters:

e -daemonPatk: PAT H >: with the path of the daemon.
e -daemonExePath PAT H >: with the path of the main application.

For example:

$ cd setup
$ sh serviceSetup.sh -daemonPath ../bin/amiradaemon
-daemonExePath ../bin/start

If inetd is running, theamira service is added in theetd.conf  file:

amira STREAM TCP nowait root /home/Amira/amiradaemon.exe
-daemonExePath /home/Amira/bin/start

Then the script launchigtc/init.d/inetd
If xinetd is running, theamira service file is added in the directofgtc/xinetd.d

service amira

{
type = UNLISTED
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socket type = STREAM

protocol = TCP

wait = false

user = root

server = ./amiradaemon.exe

server_args = -daemonExePath ./amiramain.exe

port = 17234
}
Then the script launchistc/init.d/xinetd
Two more scripts are provided for conveniencenstallCluster.sh and
uninstallCluster.sh ) to set up theamira service over all cluster nodes. Those
scripts take as parameters the nodes to which they atternpthteect througlssh .
For example:
$ cd setup

$ sh installCluster.sh nodel node2 node3 node4
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Chapter 8

VR Pack Interaction

8.1 3D user interaction

VR Pack flat screen configurations, i.e., tiled displays or powelsyaan be completely controlled
using an ordinary 2D mouse. However, in case of true immersdnfigurations this isn’t feasible
anymore. Therefore, several ways of 3D user interactiorpeseided inVR Pack. The view can
be changed using different navigation modes, a 3D menu i&dqed in order to control modules in
3D, and special objects like slices, selection boxes, or 8Dtprobes can be directly picked and
manipulated using a tracked input device. In addition, a 2iuse mode is provided allowing the
user to control the conventional 2D mouse pointer usingrdoeked 3D mouse. In the following these
features will be described in more detail.

In order to utilize 3D user interaction a tracked 3D inputidewvith at least one button is required.
By defaultamira only interprets a single button. The easiest way to make fiadditional buttons is
to associate Tcl procedures with these buttons. This isribestbelow in a section abodicl event
procedures

e The 3D menu

User-defined 3D menu items
3D module controls
Navigation modes

Tcl event procedures

The 2D mouse mode



8.1.1 The 3D menu

The VR Pack 3D menu provides buttons allowing the user to bring up a 3iverof the user
interface of every object in the Pool. In addition it can @ntany number of user-defined buttons.
These buttons can be configured most easily using the Tefactedescribed in Sectidh3.

By default, the menu also contains a button for activatirg2b mouse modeThis mode lets you
control the 2D mouse using a 3D input device. In this way dissstandard 2D user interfaceashira
can be used in a VR environment.

The basic shape of théR Pack 3D menu is shown in Figur@.1on the left hand side. The menu can
be manipulated in the following way:

e Initially, after activating or reloading aWR Pack configuration, the 3D menu is hidden. In
order to bring up the menu double-click the button of the 3puindevice. Alternatively, you
may select the 3D menu toggle button of ¥#e Pack control module.

By default the menu will be positioned in the upper left coroithe first screen defined in the
VR Pack config file. You may change the default position by settingftelel menuPosition
in the tracker section of the€R Pack config file There is also a field for setting the default
orientation of the menu.

e You can move the menu by pointing the wand on the blue heabeftdd3D menu clicking
the main button of the 3D input device, and then moving thaagewhile keeping the button
pressed. When the wand is on the blue header a yellow framsgkged, indicating that this
element has focus.

If you pop up the menu using the 3D menu toggle, the menu pasitill be reset to its default.
In contrast, if you pop up the menu by double-clicking the 3Buse button, the menu will be
shown at its current position.

e In order to hide the menu again, click the reldse buttorat the right side of the blue header
element. Double-clicking the 3D input device again popshgurhenu at its previous position.

Since version 3.1 o R Pack the 3D menu will also be available as an ordinary 2D sub-memeu
the VR menu of themira main window. The 2D menu has the same structure as the 3D raadu,
choosing an item from the 2D menu triggers the same actiooB@ssing an item from the 3D menu.
This feature allows you to prepare and test a 3D menu on anamddesktop computer without an
attched tracking system.

8.2 Tracker Emulator

TheTracker Emulatoprovides emulation of a 3D positioning device with two spdensors and two
buttons. To activate it, type the wotdstinto the tracker port of th& R Pack control moduleand
press theonnectbutton. After that the user interface dialog of the trackau&ator appears.

As mentioned before, the emulator emulates two spatiabssdgsignated aensor@ndsensorl For
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Figure 8.1 VR Pack scene with 3D menu on the left and 3D user interface oShgaceViewmodule on the right.
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Figure 8.2 The tracker emulators user interface dialog.
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each of these sensors the position is changeable by thdeesslone for each direction. Alternatively,
as well as to reach positions of greater distance than ttierslallow, one can type the values directly
into the text entry fields to the right of the slider.

The sensor’s rotation can be changed by selecting one of #ie ames as the rotation axis and then
further adjusting the rotation angle around this axis ushwgslider or the entry field. To perform
an additional rotation, simply select a different rotatapts and angle. The rotations are performed
cumulatively. The current rotation doesn’t affect the otéion of the main rotation axes. The rotation
center is always the current sensor position. To set theogenstation to the initial unrotated state,
press théResebutton.

In the buttons section one can toggle the emulated butttats.sAs long as the checkbox is checked,
the emulated button is "down”. If it's unchecked, the emedibutton is "up”.

8.3 User-defined 3D menu items

Besides the default buttons, any number of user-definedrmittan be added to théR Pack 3D
menu using a Tcl script interface. This is useful for exewyitertain demos or for invoking other
special actions. The script interface essentially com@i$ta single global Tcl method calledenu
which is provided byR Pack. Calling themenumethod with special parameters allows the user to
add individual buttons or submenus to the main 3D menu. Eattbibor submenu has an id. This id
can be used to modify the particular element afterwards.n®er a button is pressed, a user-defined
Tcl procedure is invoked.

An example of how to create a two-level menu hierarchy is shbelow. This example is taken from
the file SAMIRA_ROOT/share/demol/tracking/demomenwbrtained in thé/R Pack demo section.
You can execute that script in order to see how the user-akfingons work.

menu reset

menu insertMenu -id 0 -text "Medical"

menu insertMenu -id 1 -text "Flow Dynamics"
menu insertMenu -id 2 -text "Reconstruction”
menu insertMenu -id 3 -text "Multi-Channel”

menu O insertltem -id O -text "CT Slices" -proc "Menu0"
menu O insertltem -id 1 -text "Isosurface" -proc "Menu0"
menu O insertltem -id 2 -text "Surface model" -proc "MenuQ"
menu O insertltem -id 4 -text "Oblique slice” -proc "Menu0"
menu O insertltem -id 5 -text "Pseudo-color" -proc "MenuQ"

menu 1 insertltem -id 0 -text "Wing" -proc "Menul"
menu 1 insertltem -id 1 -text "Turbine ISL" -proc "Menul"
menu 1 insertitem -id 2 -text "Turbine LIC" -proc "Menul"

[EnY
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proc MenuO { id } {
global AMIRA_ROOT
switch $id \

0 { load $AMIRA_ROOT/share/demo/medical/ctstack.hx } \
1 { load $AMIRA_ROOT/share/demo/medical/isosurface.hx }
load $AMIRA_ROOT/share/demo/medical/surf.hx } \
oad $AMIRA_ROOT/share/demo/medical/tetra.hx } \
oad $AMIRA_ROOT/share/demo/medical/gridcut.hx } \
oad $AMIRA_ROOT/share/demo/medical/pseudocolor.hx
oad $AMIRA_ROOT/share/demo/medical/splats.hx }

}

proc Menul { id } {
global AMIRA_ROOT
switch $id \

"Slice & lIsosurface" -proc "Men
"Volume Rendering" -proc "Menu
"Simplified Surface" -proc "Me

"Projection view" -proc "Menu3
"Slicing" -proc "Menu3"
"Isosurface" -proc "Menu3"
"Volume Rendering" -proc "Menu

0 { load $AMIRA_ROOT/share/demol/cfd/wing.hx } \

1 { load $AMIRA_ROOT/share/demo/cfd/turbine-isl.hx } \
2 { load $AMIRA_ROOT/share/demo/cfd/turbine-lic.hx }

}

proc Menu2 { id } {
global AMIRA_ROOT
switch $id \

0 { load $AMIRA_ROOT/share/demo/recon/recon01.hx } \
1 { load $AMIRA_ROOT/share/demo/recon/recon05.hx } \
2 { load $AMIRA_ROOT/share/demo/recon/recon04.hx }

}

proc Menu3 { id } {
global AMIRA_ROOT
switch $id \

0 { load $AMIRA_ROOT/share/demo/multichannel/projectio
1 { load $AMIRA_ROOT/share/demo/multichannel/slicing.h
2 { load $AMIRA_ROOT/share/demo/multichannell/isosurfac
3 { load $AMIRA_ROOT/share/demo/multichannel/voltex.hx

User-defined 3D menu items

u2"

nu2"
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nview.hx } \
x 3\
es.hx }

}
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The example above give a general idea of how to create a efieed button hierarchy. Thaenu
command provides some additional parameters. The gewenaldf themenucommand is as follows:

menu [submenu-id [...]] cmd [options]

Heresubmenu-id is the id of any submenu. The root level has no id at all. Thelgsel has one
id, the second level has two ids, and so on.

Note: In contrast to previous versions ¥R Pack now all user-defined buttons are inserted at the
main level of the menu. By default, at this level there areadly three buttons defined:

e a button for activating the 2D mouse mode (id 1000)
e a button for getting a list of all modules (id 1001)
e a button for getting a list of all data objects (id 1002)

You can remove these default buttons using the commaenl clear . In order to clear the menu
and then reset the default buttons, usenu reset . The complete list of commands is this:

menu reset
Removes all buttons and sub-menus from the menu and rest@réefault layout with entries
for mouse mode, modules, and data objects. This commandrdgrbe applied at the main
level.

menu [...] clear
Removes all buttons and sub-menus from the specified mermypplfed at the main level also
the default buttons (mouse mode, modules, and data) wikieved.

menu [...] count
Returns the number of entries (action buttons and sub-mettorts) in the specified menu.

menu [...] idAtindexReturns the id of the item at positi@amdex

menu [...] insertltem [options]
This command creates a new button and inserts it into thefigzbmenu. The following options
are available:

-id id
Specifies the id of the new button.

-indexindex
Specifies the position of the new buttonin@lexis -1 (which is the default) the new button
will be appended at the bottom of the menu.

-texttext
Specifies the text to be displayed by the new button.
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-fg'rgb”
Specifies the text or foreground color of the new button.

-bg”rgb”
Specifies the background color of the new button.

-procproc
The name of the Tcl procedure to be called when the buttoneisspd. Either an own
procedure without arguments can be used for a button. Altiely, a procedure with one
argument can be used for all buttons in a menu. The argumentstset to the id of the
pressed button (see example above).

menu [...] insertMenu [options]
This command creates a new sub-menu button and inserts ithatspecified menu. The id of
the new button can be used as a sub-menu id fomtleucommand itself. The same options as
for insertltemcan be used. In addition the following option is available:

-typeclasstype
If this option is specified a special sub-menu will be insgxtdich lists all objects of type
classtypen theamira Pool. For example, in order to get a list of all modules (likehe
default menu) you should use insertMenu witype HxModule

menu [...] changeltem id -texéxt
Changes the text of an existing button.

menu [...] removeltem id
Removes an action button or sub-menu button from the menu.

menu [...] connectltem igroc
Connects a button to a Tcl procedure. The procedure will Beccevhen the button is pressed.

menu [...] disconnectltem igroc
Disconnects a button from a Tcl procedure.

8.3.1 3D module controls

The 3D menu provides a button callbtbdules Clicking on this button brings up a list of all visible
modules which currently exist in themira Pool. Clicking on a module button brings up a 3D version
of the modules user interface. This 3D user interface loekyg similar to the 2D user interface of the
module which is normally shown in the Properties Area ofdh@ra main window. An example of
the 3D user interface of theurfaceViewnodule is shown in Figur8.1

The 3D user interface of every module can be moved indepé¢iydeom each other like the main
3D menu itself. Again, this is done by picking the header Hahe module’s GUI. The GUI can be
removed by clicking on the rediose buttorat the right side of the header bar. On the left side an

User-defined 3D menu items 213



orangeviewer toggles displayed. As in the 2D interface a display module can b&cked on or off
by toggling this button.

In 3D the ports of a module can be manipulated almost in theesaay as in 2D. The only remarkable
difference is that text input is not possible in 3D. Text feeldith numerical values like the range
of a colormap port or the data window of an OrthoSlice modtilecan be changed using a virtual

slider. This is done by clicking into the text field with themeh and then moving the wand upwards or
downwards while keeping the button pressed. As a genemleuéry active element shows a yellow
frame when the wand is pointing on it, i.e., when it has injpeus.

8.3.2 Navigation modes

VR Pack supports two different navigation modes. The default medeéne manipulatiari.e., the
whole scene can be rotated and translated using the 3D impided This is done by clicking with
the wand into some empty or insensitive region in space, lennoving the wand while keeping the
button pressed. In this mode the whole scene remains stativeeto the input device.

The second mode fiy mode This mode can be activated by selecting the second entrytiieMode
port of theVR Pack control module (either in the 2D or in the 3D user interfad¢e)ly mode you can
click the 3D input device at some insensitive point, and tmewe it in any direction. The vector from
the point where the wand was clicked to the current point defanvelocity vector which is used to
modify the position of the camera. The longer the vector, itee more the wand is shifted, the faster
the camera is moving. In the same way the orientation of theeca is modified by rotating the 3D
wand. An incremental rotational change is computed by comgéahe current orientation which the
orientation at the point where the wand was clicked iniall

8.3.3 Tcl event procedures

By default,VR Pack treats all buttons of a 3D mouse in the same way. This allowsg@perate the
program even with a one-button mouse. In order to make hegteof a 3D input device with multiple
buttons, you can define special Tcl procedures which areccalhen a button is pressed or released. If
these procedures return the value 1, this indicates thavitret has been handled by the Tcl procedure
and that it should not be further processedahyira. In particular, it then will not be send to the Open
Inventor scene graph. The following procedures can be dEfine

e vrButtonOPress, vrButtonlPress, ...
These procedures are called when the button with the spoifiex is pressed. By redefining
vrButtonOPress  you can overwrite the default interaction routine.

e vrButtonORelease, vrButtonlRelease, ...
These procedures are called when the button with the spkaifiex is released.

e vrButtonODbIClick, vrButton1DblClick, ...
These procedures are called when the button with the spkaifikex is double-clicked. Note
that for the first click of a double-click event an ordinanttion press event is generated.
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When a 3D mouse button event occurs and no appropriate Tot pvecedure is defined or if this
procedure returns 0, the event will be passed to the cuutierfack event handler. The default event
handler checks if the 3D menu or some other 3D widget has Hexed. If not, it sends the event to
the Open Inventor scene graph. Besides this default evenidrathere are also other event handlers,
namely handlers for managing the different navigation nsdeeamineandfly).

If a 3D mouse button event was not handled by the current evamdler, finally the following Tcl
procedures will be called, provided they are defined:

e vrButtonOPressFallback, vrButtonlPressFallback, ...
o vrButtonOReleaseFallback, vrButtonlReleaseFallback, . .
e vrButtonODbIClickFallback, vrButton1DbIClickFallback -

Assuming that the default event handler is active (the onielwthecks the 3D menu and the Open
Inventor scene graph), you can trigger certain actions wtheruser clicks into empty space. By
default, when this happens one of the navigation mode hesiglactivated. If you want to disable this
feature you can define a dummagButtonOPressFallback procedure which always returns 1.

8.3.4 The 2D mouse mode

The 2D mouse mode is useful for accessing GUI elements wtdeh ho direct analogon in 3D. In
this mode the position of the ordinary 2D mouse pointer igmdied using the 3D input device.

e In order to activate 2D mouse mode press themedise modéutton of the 3D menu. Once
mouse mode is activated thenira main window is popped up automatically.

e You can control the 2D mouse by translating or rotating thergit device. Usually, rotating it
is more convenient since less movement is required. Théi@osif the 2D mouse is computed
by determining the intersection of the virtual wand vectithwhe screen.

e In order to exit 2D mouse mode, double-click the 3D input dexaver some insensitive region
of the 2D user interface. When leaving 2D mouse mode the maiphics window is raised
automatically.

If the 2D mouse stays in the middle of the screen, of coursen@ession is disturbed. There-
fore, usually it is a good idea to move the 2D mouse in a corafarb returning to 3D mode.

The two Tcl procedureAmiraVR StartMouseModand AmiraVR StopMouseModare called when
entering and exiting 2D mouse mode. You can use these metbodgample to pop up thamira
help browser with a page from which additional demos can badhed. For this, the following
definition could be included for example in the fBMIRA ROOT/share/resources/Amira.init

proc AmiraVR_StartMouseMode { } {

global AMIRA_ROOT
load $AMIRA_ROOT/share/usersguide/tracking.html
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In order to activate or deactivate the 2D mouse mode from &, VR Pack control module
provides the commandmiraVR enableMouseMode <value> |, where<value> can be ei-
ther 0 or 1. In order to check if 2D mouse mode is currentlyvactyou can useéAmiraVR
isMouseModeEnabled

8.4 Writing VR Pack custom modules

amira can be easily extended by writing new /O routines, datagyp®dules, and other components.
Details about this are described in theveloper Pack User’s Guide.

In order to write custom modules which provide specific iat¢ion features in a VR environment,
Open Inventor nodes interpreting events generated by then8 device have to be inserted into
the scene graph. In particular, the 3D input device generatents of typ&oTrackerEverdnd So-
ControllerButtonEventThese two event classes have been introduced in Open ém&0t For more
information about these classes please refer to the Opentomdocumentatiormamira itself provides
an additional classix3DWandBas&hich provides some additional information about the &HBD
wand. Among others, this class also allows to user to highlige wand in order to provide some
visual feedback during interaction.

Below we present the source code of a sanyitePack module which just displays a number of cubes.
The cubes then can be picked and transformed using the 3D. Wéduedsource code of the module is
contained in theédeveloper Pack demo package. The particular files are calgvVRDemo.rand
MyVRDemo.cpp The module can also be directly created from the popup ménedVR Pack
control module.

Here is the listing of the header file:

T T i
1

/I lllustrates 3D interaction in a VR environment

1l

o i
#ifndef MY_VR_DEMO_H

#define MY_VR_DEMO_H

#include <Inventor/nodes/SoSeparator.h>

#include <McHandle.h>

#include <Amira/HxModule.h>

#include <Amira/HxPortButtonList.h>

#include <mypackage/mypackageAPl.h>

class MYPACKAGE_API MyVRDemo : public HxModule
HX_HEADER(MyVRDemo);

public:
MyVRDemo();
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virtual void compute();
HxPortButtonList portAction;

protected:
"MyVRDemo();

McHandle<SoSeparator> scene;
McHandle<SoSeparator> activeCube;

bool isMoving;

ShVec3f refPos;
SbMatrix refMatrix;
SbRotation refRotInverse;

void createScene(SoSeparator * scene);

SoSeparator * checkCube(const SbhVec3f& pos);

void trackerEvent(SoEventCallback * node);

void controllerEvent(SoEventCallback * node);

static void trackerEventCB(void * userData, SoEventCallback

static void controllerEventCB(void * userData, SoEventCallback
h
#endif

Here is the listing of the source file:

T i
1

/I lllustrates 3D interaction in a VR environment

1

T T i
#include <stdlib.h>

#include <Inventor/nodes/SoCube.h>

#include <Inventor/nodes/SoMaterial.h>

#include <Inventor/nodes/SoEventCallback.h>
#include <Inventor/nodes/SoMatrixTransform.h>
#include <Inventor/events/SoTrackerEvent.h>
#include <Inventor/events/SoControllerButtonEvent.h>

#include <Amira/Hx3DWandBase.h>
#include <mypackage/MyVRDemo.h>

HX_INIT_CLASS(MyVRDemo,HxModule)
MyVRDemo::MyVRDemo() :
HxModule(HxObject::getClassTypeld()),
portAction(this,"action”,1)
isMoving = O;

portAction.setLabel(0,"Reset");
scene = new SoSeparator;

Writing VR Pack custom modules
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createScene(scene);
showGeom(scene);

}

MyVRDemo::"MyVRDemo()

hideGeom(scene);

0.

assTypeld(),

ld++) {

}
void MyVRDemo::compute()
{
if (portAction.isNew() && portAction.getindex()==0)
createScene(scene);
}
void MyVRDemo::createScene(SoSeparator * scene)
{
scene->removeAllChildren();
SoEventCallback * cb = new SoEventCallback;
cb->addEventCallback(SoTrackerEvent::getClassTypeld
trackerEventCB, this);
ch->addEventCallback(SoControllerButtonEvent::getCl
controllerEventCB, this);
scene->addChild(cb);
for (int j=0; j<4; j++) {
for (int i=0; i<4; i++) {
SoSeparator * child = new SoSeparator;
SoMatrixTransform  * xform = new SoMatrixTransform;
SbMatrix M;
M.setTranslate(SbVec3f(i *3.f) *3.£0));
xform->matrix.setValue(M);
SoMaterial * mat = new SoMaterial;
float hue = (rand()%1000)/1000.;
mat->diffuseColor.setHSVValue(hue,1.f,.8f);
SoCube* cube = new SoCube;
child->addChild(xform);
child->addChild(mat);
child->addChild(cube);
scene->addChild(child);
}
}
}
SoSeparator * MyVRDemo::checkCube(const SbVec3f& p)
{
for (int iChild=1; iChild<scene->getNumChildren(); iChi
218
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SoSeparator * child = (SoSeparator *) scene->getChild(iChild);
SoMatrixTransform = xform = (SoMatrixTransform *) child->getChild(0);
const SbMatrix& M = xform->matrix.getValue();

ShVec3f q;
M.inverse().multVecMatrix(p,q);
if (fabs(q[0])<1 && fabs(q[l])<1l && fabs(q[2])<1) {
if (activeCube.ptr()!=child) {
if (activeCube) {
SoMaterial * mat
mat->emissiveColor

(SoMaterial  *) activeCube->getChild(1);
SbColor(0.1,0.,0.f);

}

SoMaterial * mat = (SoMaterial  *) child->getChild(1);
mat->emissiveColor = mat->diffuseColor[0];

activeCube = child;

}

return activeCube;

}

if (activeCube) {

SoMaterial * mat = (SoMaterial ) activeCube->getChild(1);

mat->emissiveColor = SbColor(0.,0.f,0.f);
activeCube = 0;
}
return O;
}
void MyVRDemo::trackerEventCB(void * userData, SoEventCallback * node)
{
MyVRDeme me = (MyVRDeme) userData;
me->trackerEvent(node);
}
void MyVRDemo::trackerEvent(SoEventCallback * node)
{

SoTrackerEvent * e = (SoTrackerEvent =*) node->getEvent();
Hx3DWandBaser wand = GET_WAND(e);

if (activeCube && isMoving) {
if ('wand->getButton(0)) {
node->setHandled();
isMoving = 0;
return;

}

SbMatrix T1; Tl.setTranslate(-refPos);

SbMatrix R; R.setRotate(refRotInverse * wand->orientation());
SbMatrix T2; T2.setTranslate(wand->origin());

SoMatrixTransform = xform = (SoMatrixTransform *) activeCube->getChild(0);
xform->matrix = SbMatrix(refMatrix * T1x Re T2);
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wand->setHighlight(true);
node->setHandled();
return;

}

if (checkCube(wand->top()))
node->setHandled();

}
void MyVRDemo::controllerEventCB(void * userData, SoEventCallback * node)

MyVRDeme me = (MyVRDeme) userData;
me->controllerEvent(node);

}

void MyVRDemo::controllerEvent(SoEventCallback * node)
{
if (activeCube) {
SoTrackerEvent * e = (SoTrackerEvent =*) node->getEvent();
Hx3DWandBaser wand = GET_WAND(e);

if (wand->wasButtonPressed(0)) {
SoMatrixTransform  * xform = (SoMatrixTransform *) activeCube->getChild(0);
refRotinverse = wand->orientation().inverse();
refPos = wand->origin();
refMatrix = xform->matrix.getValue();

wand->setHighlight(true);
isMoving = 1;

}

if (wand->wasButtonReleased(0))
isMoving = O;

node->setHandled();
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Chapter 9

Large Data Pack User’s Guide

9.1 Working with out-of-core data files (LDA)

The out-of-core management tools allow you load and vigaaata sets larger than the amount of
RAM installed on your system, as well as convert these ddsairs® LDA (Large Data Access) files.
These LDA files can be used to visualize very large data (lredelof gigabytes), such as seismic
or microscopy data, using a limited amount of memory. It isgilole to convert original data of
the following types: AmiraMesh, RawData, and StackedSl{stacks of SGI, TIFF, GIF, JPEG, BMP,
PNG, JPEG2000, PGX, PNM, and RAS raster files). LDA data alsubvolume extraction to display
parts of the volume, or multi-resolution access to havelastidsampled view or accurate refined local
views.

In particular, the following topics will be discussed inghitorial:

Adjusting the size threshold to allow conversion

Loading the out-of-core data

Raw data parameters

Out-of-core conversion

Displaying an ortho slice, an oblique slice, and a 3D vaum

ok wbdPE

Please follow the instructions below. Each step builds erstep before.

9.1.1 Tune the size threshold to allow conversion

In the Edit menu, select th@referencestem. This opens thamiraPreferenceslialog. Please select
the LDA tab (see Figur®.1). Using the slider or text field, set the threshold to 32MB.aflyou load
a file of file size greater than this threshhold, the out-akaata dialog will be displayed.



& Amira Preferences

General Layaout On exit tolecules | | Seqgmentation
Out-of-care threshaold
9 e
ak. ] [ Cancel

Figure 9.1 amira Preferences, LDA settings

Note: To see the images as laid out in this tutorial, you should als® theLayouttab of the
Edit/Preferencemenu, and toggle oshow viewer in top-level window

9.1.2 Load the out-of-core data

Please open the file 3DHEAD.raw using thige/Open Data... menu (see Figur®.2). The file is
located in data/tutorials/outofcore in theira install directory. Its size is slightly larger than 32MB,
right above the defined threshold.

The Out-Of-Core data dialog is displayed. Three loadingpostare displayed (see Figuded):
e Convert to LDA convert the file to an LDA file, and then load it.

e PRQ This builds a multiresolution file allowing full interagg view or local full resolu-
tion viewing.
e CON This can be time consuming, with an initial pass and thenrtreeconversion pass.

e Read from diskread data blocks from disk, allowing almost continuoug discess.

e PRQ No need to generate an extrafile.
e CON Continuous access to disk. Slow with datasets larger tk 4

e Read in memoryload full data into memory and then access to memory only.
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@ Load File

Lookin: [ () C./Frogram Files/Amita-4.0/data/tutorials/outofoore: | =

[Hame [sice  [Dae Fomat [
: DE/04/05 18,16:59
BE306976 08/04/05 1750:36 Raw Data

File name: [3DHEAD raw
File type: [l Tiles ') | Cancel

Figure 9.2 Open the out-of-core data file

e PRQ Adapted for average sized data.

e CON Requires as much RAM as your dataset size. Usually notcpé for datasets
greater than 500MB or 1GB.

Please select "Convert to LDA”. Then, on the next dialog (ixegion file), specify the LDA destina-
tion file. 3DHEAD.Ida for instance (see Figuded).
Note: An .Ida file can be loaded then, without any conversion rexglir

Another option allows you to perform conversion in batch eed you can run other processes while
the conversion is done in the background.

9.1.3 Raw data parameters

As the input data is raw, please fill in the raw data paramet@&i®g with information as on the
following figure (see Figur8.5):

Data type is byte, dimension 431*431*184.

9.1.4 Out-of-core conversion

During conversion, the out-of-core conversion progresdodi is displayed (see Figu&6). This
process is done in two steps. First of all, an initial stel thren the conversion step at about 4MB/s
(on a P4 2.6GHz, no SATA disk). You can cancel the processtifwish.

The converted file is now in the Pool ready to be used and cdeaéx other modules.
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ut-of-Core Data

Warning ! The file you are trying ta load exceed: the out-of-core threzhold.
This thresheold could be changed by selecting the LD A tab of the Amira preferences dialog .

I order ko load this file, please select one of the following methods:

Loading palicy

® iConvert to Large D ata Access [LDA)] format [recommended];

() Read as Extemnal Disk Data

() Read complete volume into memary [slow)

[ Fun batch

oK l [ Cancel

Figure 9.3 Out-of-Core data dialog

@ Amira - Destination file

Lookin:  [I53) C:/Pragram Files/Amia-4 0/data/tutorisls/outofcore =] =il
Name [sie [Dae Fomat

. 08/04/05 18,1653

IDHEAD. 1w 68306376 08/04/05 17:50.36 Raw Data

File name: [3DHEAD ida
File pe: | &N files (7) x| [mira Lage Data Access [1da] Ea| Cancel

Figure 9.4: Choose LDA destination file
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& Raw Data Parameters |E|rz|

| Fipat

[rata Type:

Header:

Requested:
Filezize:

Endianess:

Rezolution

Drefine:
ki coord:

Wowel zize:

Dimenzions:

|ndex order:

|I:|_I,Ite ﬂ |'I ﬂ
431 431 154

] bytes

34130024 bptes
34130024 bptes

(" bigendian " little endian

T

wfastest © z fastest

" bounding box  f* wvoxel zsize

0 0 0
" " "
(] Cancel |

Figure 9.5 Raw data parameters panel

& Out-of-Core conversion

“waming : preprocessing can be time-consuming before conversion starts.

LLLLELLEEL LR LR LR L] 87%

Figure 9.6: Out-of-core conversion progress dialog
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& Amira - 3DHEAD. hx

OB E oundingBox

(oHeebga ) [ CIESER

Info: 431 » 431 « 184 ubytes [0... 255), uniform coords

Voxel Size: 121x1

Figure 9.7: Display modules added

9.1.5 Display an ortho slice, an oblique slice, and a 3D voluen

Right-click on the data icon in the Pool. In the Display subonehoose the OrthoSlice module. Repeat
these steps for an ObliqueSlice and a Voltex (3D volume). ¢@ualso display the bounding box of
the full volume.

In order to view this scene with the same settings, after edimg 3DHEAD.raw into 3DHEAD.Ida
(Ida file required, with the right name) please load the nétvBDHEAD.hx (in the same directory
data/tutorials/outofcore).
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Figure 9.8 Network display
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Part V

Quantification+ Pack User’s Guide






This extension integrates the Visilog product by Noesis arhira. The Quantification+ Pack, with
its the wide range of image processing tools, can be usedhegwith the 3D visualization and
geometry reconstruction capabilitiesarhira.

A set of demos is provided. For details, see the documentafithe Visilog module.
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