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Chapter 1

Introduction

The developer version @imira allows you to add new components such as file read or writénes)t
modules for visualizing data or modules for processing.ddé&av module classes and new data classes
can be defined as subclasses of existing ones.

Note that it is not possible (or possible only to a very lidiextent) to change or modify existing
modules or parts admira’s graphical user interface.

In the following sections we

e present aroverview of theamira developer version

e discuss thesystem requirementsr the different platforms,

e outline thestructure of themira file tree

e show how to compile the demo package igtack start tutorigl
e provide additional hints onompiling and debugging

e and mention how taipgrade and maintain existing code

1.1 Overview of theamira Developer Version

Theamira developer version is a superset of the ordireanjra binary version. In addition to the files
contained in the binary version, the developer versionrggsly provides all C++ header files needed
to compile custom extensions.

1.1.1 Packages and Shared Objects

amira is an object-oriented software system. Besides the corgonants like the graphical user
interface or the 3D viewers, it contains a large number oh déjects, modules, readers and writers.



Data objects and modules are C++ classes, readers andsvarige€++ functions.

Instead of being compiled into a single static executahksé components are grouped ipéckages

A package is a shared object (usually called .so or .sl on @nixdIl on Windows) which can be
dynamically loaded bymira at run time when needed. This concept has two advantagefieQme
hand, the program remains small since only those packagdeaded which are actually needed by
the user. On the other hand it provides almost unlimitedresiidlity since new packages can be added
any time without recompiling the main program.

Therefore, in order to add custom components tath@a developer version, new packages or shared
objects must be created and compiled. A package may contarbérary number of modules and it
is left up to the developer whether he wants to organize hiduies into several packages or just in
one.

1.1.2 Package Resource Files

Along with each packagerasource filds stored. This file contains information about the compadsen
being defined in a particular package. Wizenira starts, it first scans the resource files of all available
packages and thus knows about all the components which masedakat run-time.

The resource files of the standaathira packages are located undgrare/resources in the
directory whereamira is installed. Details about registering read and writeirmg or different kinds
of modules in a resource file are provided in Chap8saad4.

1.1.3 The Localamira Directory

Usuallyamira will be installed by the system administrator at a locatidreve ordinary users are not
allowed to create or modify files. Therefore it is recommehithat every user creates new packages in
his own persondbcal amira directory. The localamira directory has essentially the same structure
as the directory wheramira is installed. A new locadmira directory can most easily be created by
using theDevelopment Wizara special-purpose dialog box described in detail in Se&io

Once a locahmira directory has been set up, resource files located in it vat &le scanned tamira
when started. In this way new components can be added oingxsies redefined.

1.1.4 External Libraries

amira is based on a number of industry standard libraries. The imp&irtant ones ar®pen Inventor
OpenGL Qt, andTcl.

amira’s 3D graphics is based on OpenGL and Open Inventor. Open@®@ieisndustry standard for
professional 3D graphics. Open Inventor is a C++ librarymgDpenGL which provides an object-
oriented scene description layer. Writing new visual@atinodules foamira essentially means cre-
ating an Open Inventor scene from the input data. If you diydezave code doing this, it will be
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straightforward to turn it into aamira module. While the Open Inventor headers are included in the
amira developer version, OpenGL must already be installed on ggstem.

Qtis a platform-independent C++ library for building gragai user interfaces (GUIsamira is built
with Qt. However, the user interface elements used in starataira modules are encapsulated by
specialamira classes callegorts Therefore you can develop your own modules without knowing
Qt and without having Qt installed (Qt headers are not inetlith theamira developer version). You
only need Qt if you plan to add completely new user interfam@ponents such as special purpose
dialogs. Note also, that in this case you need to install tineect version of the Qt header fileamira

4.0 is linked against Qt 3.2.0.

Finally, Tcl is a C library providing an extensible scrigjitanguage used bgmira. All required
header files are included in the developer versamira programmers usually need not know details
of the Tcl API but merely derive their code from existing exdes.

1.2 System Requirements

In order to develop nevamira components as described in this document you need the gevelo
version ofamira (calledDeveloper Pack) as well as a C++ development environment. C++ compil-
ers, however, are generally not compatible, thereforedhgpiers and compiler versions listed below
should be used. Other compiler versions may work too, betighinot guaranteed. In particular, it is
not possible to use the GNU gcc compiler except on Linux.

On all Unix platforms the GNU make utilitygfnake) is needed in order to use the GNUmakefiles
provided withDeveloper Pack. To proceed you should create a link in a directory alreaghgdi in
your path, e.qg., irusr/bin

In the following text more specific system requirements &ted for each platform. More gen-
eral hardware requirements such as installed memory oiagdpmgaphics adapters are listed in the
amiraUser’s Guide On all systems an OpenGL library together with the OpenGddee files must
be installed.

1.2.1 Windows

Operating system: Windows 2000/XP
Compiler: Microsoft Visual Studio .NET 2003 (VC++ 7.1)

Operating system: Windows XP 2003 x64 Edition
Compiler: Microsoft Visual Studio 2005 (VC++ 8.0)

System Requirements 3



1.2.2 Linux

Operating system: Red Hat Enterprise Linux 3.0 or higher
Compiler: GNU gcc 3.2.3

Usegcc -v to find out the version of the GNU compiler.

1.2.3 Mac OS X

Operating system: Mac OS X Tiger (10.4) or higher
Compiler: GNU gcc 4.0

Usegcc -v to find out the version of the GNU compiler.

1.2.4 Sun Solaris

Operating system: SunOS 5.8 (Solaris 8)
Compiler: Sun WorkShop 6.0 Update 2 (CC 5.3) or higher

Note that the older 4.x version of the compiler will not wotkseCC -V to find out the version of the
WorkShop compiler.

1.2.5 SGIIRIX

Operating system: IRIX 6.5.15 or higher
Compiler: MIPSpro C/C++ version 7.4 (64 bits) or higher.

UseCC -version to find out the version of the MIPSpro compiler.

1.26 HP-UX

Operating system: HP-UX 11.00
Compiler: ANSI C/C++ version 3.27 or higheaCQ [available on request]

Note that the HP standard C++ compil&d) will not work. UseaCC -V to find out the version of the
ANSI compiler. Versions earlier than 1.21 may produce airespecially when compiling optimized
code.
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1.3 Structure of theamira File Tree

Like the ordinary version the developer versionamfiira is installed in a single directory called the
amira root directory. This directory contains all the binaries, shared objeatd,resource files required
to runamira, as well as all the C++ header files required to compile newpmmants. New components
themselves are stored independently ilo@al amira directory. Every user may define his/her own
localamira directory. The locaamira directory has a structure very similar to #wira root directory.

In the following two sections the structure of these two cliogies is described in more detail.

1.3.1 Theamira Root Directory

The contents of thamira root directory may differ slightly from platform to platfor. For example,
on Windows there will be no subdirectdilp . Instead, the compiled shared objects are located under
bin/arch-Win32VC7-Optimize . The following list gives a general overview.

Amira-4.0/ amira root directory, actual name may differ
bin/start amira start script (Unix)
bin/arch-Win32VC7-Optimize/amiramain.exe Executable (Windows)
data/ containsamira demo data sets
include/ contains all required C++ header files
lib/arch- *-Optimize/ compiled shared objects (Unix)
make/ make environment for Unix systems
share/resources/ resource files of all standard packages
share/devref/ online documentation afmira C++ classes
share/doc/ online version omira documentation

1.3.2 The Localamira Directory

The localamira directory contains the source code and object files of custaaiules, the resource
files of custom packages, and the compiled custom packagess#ives. The packages can be com-
piled either in a debug version or in an optimized versiore ¢brresponding object files and compiled
shared objects reside in different subdirectories cadieth- *-Debug andarch- *-Optimize
respectively. Here the asterisk denotes the particuldnitacture, e.g.Win32 for Windows systems
or IRIX for SGI Unix platforms.

In order to create a new locabmira directory the Development Wizardshould be
used. For details please refer to Secti@n Subdirectories likeAmiraLocal/lib or
AmiralLocal/share/resources are created automatically the first time a custom package is
compiled. Again, the contents of the loahira directory may differ slightly from platform to plat-
form. For example, on Windows compiled shared objects a@téal undebin instead ofib

AmiraLocal/ e.g., located in the user's home directory
AmiraLocal.sln Visual Studio workspace file (Windows)
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GNUmakefile global makefile (Unix)

src/ contains source code of custom packages

mypackage/ source code of one particular package

Package used to generate GNUmakefile and project files
GNUmakefile Unix makefile (generated automatically)
mypackage.vcproj Visual Studio project file (generated automatically)
mypackageAPl.h Windows storage-class specification
MyModule.h header file of a custom module

MyModule.cpp implementation of a custom module
MyReader.cpp implementation of a custom read routine

. any number of additional components
share/resource/mypackage.rc package resource file

any number of additional packages

obj/arch-  =-Debug/ object files on Unix (debug version)
obj/arch-  *-Optimize/ object files on Unix (optimized)
lib/arch- *-Debug/ compiled shared objects (debug version)
lib/arch- *-Optimize/ compiled shared objects (optimized)
share/resources/ package resource files are copied here

1.4 Quick Start Tutorial

This section contains a short tutorial on how to compile arecete the demo package provided
with Developer Pack. The demo package contains the source code of the exampl@esahd 1O
routines described elsewhere in this manual. At this padot should just get a rough idea about the
basic process required to develop your own modules and Ihesu Details will be discussed in the
following chapters.

For the development of custoamira packages a dedicated directory, the lomalira directory, is
required. Initially, this directory should be created gsthe Development WizardLets see how this
is done:

e Startamira and choose the Development Wizard from Help menu of theamira main win-
dow.

e Make sure that the iterSet local amira directorys selected in the wizard’s dialog window.
e Press thélextbutton.

You can now enter a directory name for the loeatira directory. For example you may choose
AmiraLocal in your home directory. The directory must be different frdirectory whereamira
has been installed.

e Enter the name for the locamira directory.
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e Select the buttonopy demo package
e Press théK button.

If the directory did not yet exisamira asks you if it should be created. The name of the directory is
stored in the Windows registry or in thAmiraRegistry file in the Unix home directory, so that
the next timeamira is started all modules or IO routines defined in this directeill be available.

The next step is to create the Visual Studio project files farddws or the GNUmakefiles for Unix.
These files will be generated fromRackagefile which must be present in each custom package
directory. The syntax of the Package file is described in @r&p1Q The demo package already
contains a Package file, so there is no need to create one here.

e SelectCreate build systeran the main page of the Development Wizard.
Press théextbutton.

Chooseall local packagess target.

e Choose which kind of build system you want to create.

e Press thé©K button.

The files for the selected build system will now be createdmatically. The advantage of the auto-
matic generation is that the include and library paths avayd set correctly. Also, any dependencies
between local packages are taken into account.

Once the build system has been created you can close thedpaweht Wizard and examira. We
are now ready to compile the demo package. This is diffex@radich platform:

Windows Visual Studio C++ .NET 2003

e Start Visual Studio C++ .NET 2003 and load the solution AlairaLocal.sIn from the
local amira directory. If your localamira directory is not calledAmiraLocal , the solution
file also has some other name.

e Build all local packages in debug mode by pressing F7 or bysimgBuild Solutionfrom the
Build menu.

Unix GNUmakefile system

e Change into the locamira directory in a shell.

e Type ingmake to build all local packages is debug modegihake is not already installed on
your system you can find it in the subdirectdniyn in theamira root directory. Either add this
directory in your path variable or create a link in a diregtalready listed in your path, e.g.,
{usr/bin

We are now ready to staaimira in order to test the demo package. However, because we have co

piled the demo package in debug mode, we need toastara with the command line optiomdebug .
Otherwiseamira would not find the correct DLLs or shared libraries. For canigace, on Windows
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a link Amira -debugs available in the start menu.

In order to check if the demo package has been successfulipited and can be loaded laynira,
you can for example choose the enBynamicColormagdrom the Create/Datamenu of theamira
main window. Then a new colormap object should be created. cém find the source code of this
new object in the locadmira directory undesrc/mypackage/MyDynamicColormap.cpp .In
the same directory there is also the header file for this class

If you want to compile the demo package in release mode, yat ohange the active configuration
in Visual Studio and recompile the code. On Unix, you havealbgmake MAKECFG=Optimize .
You can also defin®lAKECFGas an environment variable.

1.5 Compiling and Debugging

This section provides additional information not covergdte quick start guideon how to compile
and debug custoramira packages. You may skip it the first time you are reading thisuah The
information will not become relevant until you are actualveloping your own code.

It has already been mentioned that the development of cuatoira packages should take place in
a localamira directory. Initially, such a directory should be createthgghe Development Wizard
described in Chapteét. The name of the localmira directory is stored in the Windows registry or in
the file . AmiraRegistry in your Unix home directory. On both Windows and Unix, the raof
the localamira directory can be overridden by defining the environmentatde AMIRA_LOCAL.
This might be useful if you want to switch between differemdtdl amira directories. However, in
general it is recommended not to set this variable.

For each local package there is a resource file stored in thdireatoryshare/resources in the
localamira directory. This file contains information about all modudesl 10 routines provided by that
package. A local package can be compiled in debug mode Rufabdebugging or in release mode
with compiler optimization turned on. In the first case thelBlor shared libraries are stored under
bin/arch-  »-Debug on Windows andib/arch- *-Debug on Unix. In the second case they
are stored unddrin/arch-  *-Optimize  or lib/arch- *-Optimize . Here the " indicates
the actual architecture name. In the following it will be ddéised how to compile local packages in
both modes on the different platforms and how to debug the csthg a debugger.

1.5.1 Windows Visual Studio .NET 2003

Note: You cannot mix code generated with different versions slid Studio (Visual Studio 6, .NET
2003, etc.) because different run-time libraries are megui

The workspace and project files for Visual Studio .NET 2008 generated automatically from the
amira Package files by the Development Wizard. There should be ad teechange the project
settings manually.

By default, Visual Studio will compile in debug mode. In orde generate optimized code, you need

8 Chapter 1: Introduction
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Figure 1.1 Specifying the name of the executable in Visual Studio.

to change the active configuration. This is done by chooSimgfiguration Manager. from theBuild
menu. In theActive Solution Configuratiopulldown menu, seled®elease

In order to execute the debug mode version of your local ppekayou must stadmira with the
command line optiondebug . For convenience, a linkmira -debugs provided in the start menu.
However, if you want to debug your code, you need to starira from Visual Studio. Thus you need
to specify the correct executable in the project propediatog.

You can bring up the project properties dialog by pressingFAl or by choosing?ropertiesfrom

the Project menu. SelecDebuggingfrom the left pane. In the fielommang choose the file
bin/arch-Win32VC7-Optimize/amiramain.exe located in theamira root directory. In
the fieldCommand Argumenttype in-debug (see Figurel.l).

You can now staremira from Visual Studio by pressing F5 or by choosiStart from the Debug
menu. In order to debug your code you may set breakpointdbdtay locations in your code. For
example, if you want to debug a read routine, set a breakpbthe beginning of the routine, execute
amira and invoke the read routine by loading some file.

1.5.2 Unix

In order to compile a local package under Unix you need to gbanto the package directory and
executegmake in a shell. Thegmake utility is provided in thebin subdirectory of themira root
directory. Either add this directory to your path or creatak in a directory already listed in your
path, e.g., ifusr/bin

The required GNUmakefiles will be generated automaticaliynf theamira Package files by the
Development Wizard. There should be no need to edit the GNdgfites manually. Depending on
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the contents of the Package file all source files in a packagetdry will be compiled, or a subset
only. By default all files will be compiled. The Developmentaatd will put the name of thamira
root directory into the fil&GNUmakefile.setroot . You may overwrite the name by defining the
environment variablAMIRA ROOTFor example, this might be useful when working simultarsbpu
with two differentamira versions.

By defaultgmake will compile debug code. In order to compile optimized coawoke gmake
MAKECFG=0Optimize . Alternatively, you may set the environment varialAKECFG to
Optimize

If you have a multi-processor machine you may compile migdtfpes at once by invokingmake
with the optionPARALLELFLAGS=-j<n> . Here<n> denotes the number of compile jobs to be run
in parallel. Usually twice the number of processors is a gdualce.

If you have compiled debug code, you must inv@keira with the command line optiordebug .
Otherwise, the optimized version will be executed. If norsuersion exists an error occurs. Instead
of specifying-debug at the command line you may also set the environment varMBI€ECFGto
Debug.

In order to runamira in a debugger, invoke themira start script with one of the following command
line options:

e -cvd onIRIX

e -dde on HP-UX

e -workshop on SunOS
e -gdb or-ddd on Linux

Note that usually you cannot set a breakpoint in a local pgekaght after starting the debugger.
This is because the package’s shared object file will not mieel to amira until the first mod-

ule or read or write routine defined in the package is invokéd.order to force the shared ob-
ject to be loaded without invoking any module or read or wrdatine, you may use the command
dso open lib<name>.so , where<name> denotes the name of the local package. Once the
shared object has been successfully loaded, breakpointshmaet. It depends on the debugger
whether these breakpoints are still active when the proggatarted the next time.

1.6 Maintaining Existing Code

This section is directed to programmers who have alreadgldped custom modules using a previous
version ofDeveloper Pack. In particular, we describe

e how to upgrade t®eveloper Pack 4.0, and
e how to rename an existing package
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1.6.1 Upgrading toDeveloper Pack 4.0

In Developer Pack 4.0 the structure of the localmira directory has been slightly changed. In or-
der to recompile existing packages it is recommended taerBeaomplete copy of the locamira
directory and to adapt this copy as described belbeveloper Pack 4.0 and earlier versions store
the path of the locaamira directory under different names in the Windows registryrothie Unix
AmiraRegistry file. This means that both versions can be used in parall&fdllowing changes
are required to adjust an existing lo@ahira directory so that it can be used wibeveloper Pack
4.0:

e The subdirectorpackagesnust be renamed &rc (if upgraded from versions former to 3.1).

e In each package directoryRackagefile must be created. This file contains the package name,
the name of dependent packages, and optionally an expdicivfl all source and header files
belonging to the package. From tRackagdfile a Visual Studio project file or a GNUmakefile
for Unix can be generated automaticalifupgraded from versions former to 3.1).

e Instead of modifying and reusing the old Visual Studio pcbfées or GNUmakefiles these files
should be created from scratch using #meira development wizard.

Modules, data classes and 10 routines developedfxeloper Pack 3.1 should compile without
changes wittDeveloper Pack 4.0 (with the possible exception of calls to the C++ standidrary,
see below). The API of existing classes has been extendeeverad cases, but no incompatible
changes have been introduced. For details about the io¢eofgparticular classes please refer to the
online reference guide. In addition, the following thingsa changed:

e C++ standard library (if upgraded from versions former to 3.1). On all platforms except
IRIX, new-style C++ standard libraries are being used novnDéveloper Pack 3.0, the new-
style interface was used only on Windows.

In contrast to the old-style headers the new-style headensotl contain the suffixh , e.g.,

you need to includ@stream instead ofostream.h . In addition, all symbols are defined
inside thestd namespace, i.e., you need to write for examgib:cout instead of just
cout , unless you specifically writesing namespace std; in your code.

On most platforms the new-style and the old-style C++ stahlitarary cannot be used together.
This means that you may need to switch to the new-style exterfif you have used the old-style
interface before.

e Open Inventor and Qtamira 4.0 uses Open Inventor 5.0.3 and Qt 3.2.2. As in previousoress
the Open Inventor headers are completely provided D#keloper Pack, but the Qt headers
are not. Moreovefif upgraded from versions former to 3.1), instead of the SoWin and SoXt
classes (which are not fully platform independentimira now the new SoQt interface is used.
This means that thamira viewer is now derived fronSoQtExaminerViewer instead of
SoWinExaminerViewer or SoXtExaminerViewer , respectively. However, because we
didn’t want the classixViewer to depend on any Qt headers, the actumira viewer has been
renamed t@QxViewer , while HxViewer now is a pure wrapper class.

Maintaining Existing Code 11



This change should not affect existing code unless platidependent methods of the former
SoWin or SoXt base classes were used.

1.6.2 Renaming an Existing Package

Sometimes you may want to rename an existingra package, for example when using an existing
package as a template for a new custom package. In order tttle following changes are required:

e Rename the package directory:
AmiraLocal/src/oldname become®fmiralLocal/src/newname

e Rename the following files in the package directory:
oldnameAPl.h becomesewnameAPIl.h
share/resources/oldname.rc becomeshare/resources/newname.rc

e In the package resource fihare/resources/newname.rc and in thePackage file
replaceoldname by newname.

e Inthe filenewnameAPI.h replacecOLDNAMERAPI by NEWNAMEPI .

e In all header and source files of the package, adjust thededtlirectives if necessary, i.e.,
instead of
#include <oldname/SomeClass.h>
now write#include <newname/SomeClass.h>

All replacements can be performed using an arbitrary teitbedhfter all files have been modified as

necessary a new Visual Studio project file or a new GNUmaksfieaild be created using tlenira
development wizard.

12 Chapter 1: Introduction



Chapter 2

The Development Wizard

The development wizard is a special tool which helps you toge localamira directory tree so that
you can write custom extensions famira. In addition, the development wizard can be used to create
templates oimira modules or of read or write routines. The details of develgguch components
are treated in other chapters. At this point we want to givieatsoverview about the functionality of
the development wizard.

In particular, we discuss

e how to invoke the development wizard

e how to set or create the locaira directory

how to add a package to the loeahira directory
how to add components to an existing package
e how to create the files for the build system

Finally, a section describing theackage file syntais provided.

2.1 Starting the Development Wizard

In order to invoke the development wizard, first startira. Then selecDevelopment Wizarftom the
main window’sHelp menu. Note that this menu option will only be available if yane running the
developer version aimira.

The layout of the development wizard is shown in Figre Initially, the wizard informs you about
the localamira directory currently being used. If no locainira directory is defined, this is indicated
too. Furthermore, the wizard lets you select between fdtereént tasks to be performed. These are



& Development Wizard

Local Amira directory:

<undefined:

Tazk to be performed:

(%) Set local Amira directaory [or create new ane, or unzet it]
Add package to local Amira directary
Add component

Create build spstem

Claze ] | Mext >3

Figure 2.1 Initial layout of theamira development wizard.

setting the loca&mira directory (or creating a new one)
adding a new package to the loeahira directory
adding a component to an existing package

e creating the files for the build system

The first option is always available. A new package can onlgdted if a valid locaamira directory
has been specified. For the loeathira directory to be valid, among others, it must contain a subdi-
rectory calledsrc . If at least one package exists in thie directory of the locahmira directory,

a new component, i.e., a module or a read or write routine beaadded to a package. Finally, the
last option allows you to create all files required by thedbsifstem, i.e., Visual Studio project files or
GNUmakefiles for Unix platforms.

2.2 Setting Up the Localamira Directory

The localamira directory contains the source code and the binaries of atbon extensions developed
by a user. The name of this directory can be most easily spdaiiing the development wizard (see
Figure2.2). Since potentially every user can write his/her own extarsfor amira it is usually
recommended that the locainira directory is created in the user’s home directory.

If the specified directory does not exist the developmenavdzasks you whether it should be created.
If you confirm, the directory itself together with some suledtories will be created. You may also
specify an existing empty directory in the text field. Thea subdirectories will be created in there.

Finally, you may choose an existing directory which has berated by the development wizard

14 Chapter 2: The Development Wizard



& Development Wizard

Local Amira directorny:
|C:a’.~’-‘«miraLoca' |
[] copy demo package

«Back | [ Ok

Figure 2.2 Setting the locahmira directory.

before. In this case a simple check is performed to determirether the specified directory is valid.
If you want to use a directory created welmira 3.0 or an earlier version, please first refer to Section
1.6 (upgrading existing code).

In order to unset the locaimira directory you should clear the text field and préds. The directory
will not be deleted, but the next timamira is started modules and 10 routines defined in the local
amira directory will not be available anymore.

Once you have set up the loaahira directory, the name of the directory is stored permanesdly,
the next timeamira is started the .rc-files located in the subdirectsinare/resources of the
local amira directory can be read. In this way custom components are rkaolen toamira. On
Windows the name of the locamira directory is stored in the Windows registry. On Unix systéims
is stored in the fileAmiraRegistry in the user’s home directory. In both cases, these setting ca
be overridden by defining the environment variahMIRA LOCAL

The development wizard also provides a toggle for copyingraa@package to the locamira direc-
tory. You will get a warning if this button is activated and existing localamira directory already
containing the demo package has been specified. The demagmmikcopied to the subdirectory
src/mypackage in the localamira directory. It contains all read and write routines and medul
presented as examples in this guide.

2.3 Adding a New Package

All amira components are organized jrackages Each package will be compiled into a separate
shared object (or DLL file on Windows). Therefore, before anynponents can be defined at least
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& Development Wizard

Mame of package to add:

|my|:uackage| |

«Back | [ oK

Figure 2.3 Adding a new package to the locahira directory.

one package must be created in the Iaaira directory. In order to do so, chooseld package to
local amira directory on the first page of the wizard and préésxt On the next page you can enter
the name of the new package (see Figu}.

The name of a package must not contain any white spaces otyatino characters. When a package
is added, a subdirectory of the same name is created snclemn the localamira directory. In this
directory the source code and header files of all the modukgé@ routines of the package are stored.
In addition in each package directory there must BRaekagefile from which the build system files
can be generated.

Initially, a defaultPackagefile will be copied into a new package directory. This defdilétadds the
most commoramira libraries for linking. It also selects all C++ source filesle package directory
to be compiled. In order to generate the build system fronPttekagedile, please refer to Sectidh9.

In addition to thePackagdile also the filewersion.cpp ~ andpackageAPIl.h  will be copied into
a new package directory. The first file allows you to put verandormation into your package, which
can later be viewed in theamira system information dialog. The second file contains a maajaired
for putting symbols in a DLL on Windows. Finally, also an emfite package.rc  will be copied
into share/resources . In this file later modules and IO routines will be registered

2.4 Adding a New Component

If you choose thedd componertdption on the first page of the development wizard, you wilhbked
what kind of component should be added to which package. Réreethat thedd componerdption
will only be available if a valid locabhmira directory with at least one existing package is found. In
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& Development Wizard

Type of component to be added:
(%) ardinary module

() compute module
() read routing [file input]

() wirite rautine (file autput]

Add component in package:

| mypackage w

<< Back l| Mext > >

Figure 2.4 Adding a new component to an existing package.

particular, templates

e of anordinary module
e of acompute module
e of aread routine

e or of awrite routine

may be created (see Figuzel). The option menu in the lower part of the dialog box lets ypecify
the package to which the component should be added. Aftepyeas theNextbutton, you will be
asked to enter more specific information about the parti@danponent you want to add. Up to this
point no real operation has been performed, i.e., no files baen created or modified.

2.5 Adding an Ordinary Module

An ordinary module iramira usually directly visualizes the data object it is attached=or example,
the Isosurface module, the Voltex module, and the Surfase¥iodule are of this type. Such modules,
sometimes also callatisplay modulesare represented by yellow icons in the Pool.

In order to create the template for an ordinary module ugiegdevelopment wizard, you must enter
the C++ class name of the module, the name to be shown in th@papenu of possible input data
objects, the C++ class name of possible input data objectsfimally the package where the input
class is defined (see Figu2e).

Once you pres®K, two files are created in the package directory, namely adrddd and a source
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& Development Wizard

Clagz name of module:

[ |
Mame shown in popup memL;

Clags the module can be attached to:
|HxUriformS calarField3 |

Fackage where input class iz defined in:
| hefield v|

«Back | | ok |

Figure 2.5 Creating the template of a custom module.

code file for the new module. In addition, a new module staterizeadded to the package resource
file located undeshare/resources in the package directory.

After you have added a new module to a package you need taatedte build system files before
you can compile the module. Details are described in Segtién

2.6 Adding a Compute Module

A compute modulén amira usually takes one or more input data objects, performs sdnte &
computation, and puts back a resulting data object in the. RBmmpute modules are represented by
red icons in the Pool.

The only difference between an ordinary module and a compottule is that the former is directly
derived fromHxModule while the latter is derived frotiixCompModule. When creating a template
for a compute module using the development wizard, the samé fields must be filled in as for an
ordinary module. The meaning of these input fields is desdrib Sectior.5.

2.7 Adding a Read Routine

As will be explained in more detail in Sectidh2, read routines are global C++ functions used to
create one or moramira data objects from the contents of a file stored in a certairfdilmat. To
create the template of a new read routine, first the name abtltine must be specified (see Figure
2.6). The name must be a valid C++ name. It must not contain blankay other special characters.
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& Development Wizard

Mame of read routine:;

Marne af file farmat and file name extension:

|I:I|:|en [rvertor | |iv |

[] create reader for multipls files

<<Back | | OK

Figure 2.6 Creating the template of a read routine.

Moreover, the name of the file format and the preferred file maxtension must be specified. The
extension will be used by the file browser in order to identify file format. The format name will be
displayed next to any matching file.

Finally, a toggle can be set in order to create the templaterefad routine supporting the input of
multiple files. Such a routine will have a slightly differesignature. It allows you to create a single
data object from multiple input files. For example, multipl® image files can be combined in a single
3D image volume. Details are provided in Sect®8.3

After you presOK a new file<name>.cpp will be created in the package directory, whereame>
denotes the name of the read routine. In addition, the regitheowill be registered in the package
resource file. Some file formats can be identified by a unigeehlader, not just by the file name
extension. In such a case you may want to modify the resouecerfiry as described in Secti@rR.1

Remember, that after you have added a new read routine tokag@gou need to recreate the build
system files before you can compile it. Details are desciiibv&kction2.9.

2.8 Adding a Write Routine

A write routine is a global C++ function which takes a poirttesome data object and writes the data
to a file in a certain file format. The details are explainedeotf®n3.3. In order to create the template
of a new write routine, the name of the routine must first bedieel (see Figur@.7). The name must
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& Development Wizard

Mame of write routine:;

Mame of file format and file name extenzion:

|I:I|:|en Inventor | |iv |

Data class to be zaved:
|HxUriformS calarField3 |

Fackage where data clazs iz defined in:
| hefield v|

«Back | | ok |

Figure 2.7: Creating the template of a write routine.

be a valid C++ name. It must not contain blanks or any otherciapeharacters.

In addition, the name of the file format and the preferred fdme extension must be specified. Before
saving a data object, both the name and the extension wilidpéagred in the file format menu of the
amira file browser.

Finally, the C++ class name of the data object to be saved bmishosen as well as the package
this class is defined in. Some important data objects suchtadJaiformScalarField3 ora
HxSurface are already listed in the corresponding combo box. Howewsrother class, including
custom classes, may be specified here. Instead of the nameéathalass, even the name of an
interface class such &#xLattice3 may be used (see Sectibr2.]).

After you pres$OK, a new file<name>.cpp will be created in the package directory, wherame>
denotes the name of the write routine. In addition, the wotdine will be registered in the package
resource file.

Remember, that after you have added a new write routine takage you need to recreate the build
system files before you can compile it. Details are descrilb&bction2.9.

2.9 Creating the Build System Files

Before you can actually compile your own packages you needsiate project files for Visual Studio
on Windows or GNUmakefiles for Unix. These files contain infation such as the source code files
to be compiled, or the correct include and library pathsc&iihis not trivial to set up and edit these
files manuallyamira provides a mechanism to create them automatically. In daldp this, a so-
calledPackagéile must exist in each package. The Package files contaimathe of the package and
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target packages:

() all local packages

() single package

| mypackage

target developrent syzten:
[ GHUmakefiles

[] “isual Studia B prajects
Wigual Studio MET 2003 projects

«Back | | OK

Figure 2.8 Creating the build system files.

a list of dependent packages. It may also contain additi@ggl to customize the build process. The
syntax of the package file is described in SecobQ However, usually there is no need to modify
the default Package file created by the development wizard.

While the automatic generation of the build system files isrg Welpful feature it also means that you
better do not modify the resulting project or GNUmakefileselly, because they might be easily
overwritten byamira.

If you selectCreate build systeran the main page of the development wizard and then preddekie
button, the controls shown in Figu2e8 will be activated. You can choose if you want to create the
build system files for all local packages or just for a paticwne. Depending on the selected build
system the following files will be created:

GNUmakefiles

share/src/mypackage/GNUmakefile : A GNUmakefile for buildingmypackagelf all local
packagess selected such a file will be created in every subdirectontaining aPackage file

In order to compile all local packages at once, you can typeken the localamira directory. In this
directory there is a standard GNUmakefile which cghisakein all package directories.

Visual Studio .NET 2003

AmiraLocal.sln : A workspace containing projects for all local packagesisTite will only be
written if all local packagess selected in the development wizard.

allAmiraLocal.vcproj . A project file which depends on all other projects. Choosehoject
as active project in Visual Studio if you want to compile altal packages.
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docAmiraLocal.vcproj . A project for creating the documentation for all local pagks. This
file will only be written if all local packagess selected in the development wizard.

share/src/mypackage/mypackage.vcproj . A project for buildingmypackagelf all local
packagess selected such a file will be created in every subdirectontaining aPackagsfile.

The syntax of théackagsfile is described in théollowing section

2.10 The Package File Syntax

The Package file contains information about a local packiagen this file Visual Studio project files
or GNUmakefiles can be generated. The Package file is a Tcllfigefines a set of Tcl variables
indicating things like the name of the package, dependbrdries, or additional files to be copied
when building the package. The default Package file creagetid Development Wizard looks as
follows:

set PACKAGE {mypackage}
set LIBS {

hxplot hxtime hxsurface hxcolor hxfield
Amira amiramesh mclib oiv tcl

}

set SHARE ({
share/resources/mypackage.rc

}

In most cases the default file works well and need not to be fieddiHowever, in order to accomplish
special tasks the default values of the variables can begeltbor additional variables can be defined.
Here is a detailed list describing the meaning of the diffevariables:

PACKAGE
The variablePACKAGHENdicates the name of the package. This should be the sarhe narne of the
package directory. The package name must not contain amgatbes other than letters or digits.

LIBS

Lists all libraries the package depends on. By default, thetmommoramira packages are inserted
here. You can modify this list as needed. For example, if yamtwo link against a library called
foo.lib on Windows otlibfoo.soon Unix, you should adéboto LIBS .

In addition to a real library name you may use the followingses in the_ IBS variable:
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oiv - for the Open Inventor libraries
tcl - for the Tcl library
opengl - for the OpenGL library
gt - for the Qt library (not included ibeveloper Pack)

If you want to link against a library only on a particular ftaim, you can set a dedicated variable
LIBS-arch , wherearch denotes the platform. You may further distinguish betwéendebug and
release version of the code. Here is an example:

set LIBS {mclib amiramesh schedule hxz gt oiv opengl tcl}
set LIBS-Unix {hxgfxinit}

set LIBS-Win32 {hxgfxinit}

set LIBS-Win32VC7-Debug {msvcrtd mpr}

set LIBS-Win32VC7-Optimize {msvcrt mpr}

SHARE

Lists all files which should be copied from the package doBcinto the localamira directory. By
default, only the package resource file will be copied. Haveyou may add additional files here
if necessary. Instead of explicit file names you may use wilds. These will be resolved using the
standard Tcl commanglob . For example, if you have some demo scripts in your packageyald
copy them in the following way:

set SHARE {
share/resources/mypackage.rc
share/demo/mydemos/ *.hx

}

As for theLIBS variable you may append an arch string here, 8elARE-arch . The files then will
only be copied on the specified platforms.

INCLUDES

This variable may contain a list of additional include pathEhese paths are used by the com-
piler to locate header files. By default, the include path e ® $AMIRA_ROOT/include,
$AMIRA _ROOT/include/oiv, SAMIRALOCAL/src, and the local package directory.

COPY

This may contain a list of files which are copied from a locatidher than the local package directory.
You need to specify the name of the target file followed by tame of the destination file relative to
the localamira directory. For example, you may want to copy certain data filem some archive
into theamira directory. This can be achieved in the following way.
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set COPY {
D:/depot/data/28523763.dcm data/test
D:/depot/data/28578320.dcm dataltest
D:/depot/data/28590591.dcm data/test

}

As for theLIBS variable you may append an arch string here, COPY-arch . The files then will
only be copied on the specified platforms. A common applices to copy external libraries required
on a particular platform into themira directory.

SRC

This variable specifies the source code files to be compilethéopackage. The default value of this
variable is

set SRC { *.cpp =*.c}

This means, that By default all .cpp and .c files in the locakpge directory will be compiled. Some-
times you may want to replace this default by an explicitdissource files.

Again, you may append an arch string to BieCvariable, so that certain files will only be compiled
on a particular platform.

INCSRC

This variable specifies the header files to be included irgqtickage project file. The default value
of this variable is

set INCSRC { *.h =.hpp}
This means that by default all .h and .hpp files in the locakpge directory will be considered.

Again, you may append an arch string to tNe€CSRCvariable, so that certain header files will only be
considered on a particular platform.
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Chapter 3

File I/0O

This chapter describes how user-defined read and writenesitian be added &onira. The purpose
of custom read and write routines is to add support for filenfatis not available iamira.

First, some general hintsn file formatsare given. Then we discuss hawad routinesire expected
to look in amira. Write routinesare treated subsequently. Finally, thAsiraMesh APIis discussed.
Using this API, file I/O for new custom data objects can be enpnted rather easily.

3.1 Onfile formats

Before going into detail, let us clarify some general cotiselmamira, all data loaded into the system
are encapsulated in C+data classesChapter5 provides more information about the standard data
classes. For example, there is a class to represent tetehlgeids HxTetraGrid, a separate one for
scalar fields defined on tetrahedral gritixTetraScalarFiely and another one for 3D image data
(HxUniformScalarField}. Every instance of a data class is represented by a greerirndbeamira
Pool.

The way in which data are stored in a disk file is called a filerfat. Although there is a relationship
between data classes and file formats, these are two différieiys. It is especially important to
understand that there is no one-to-one correspondence®etivem.

Typically, a specific data class (like 3D image data) can beestin many different file formats (3D
TIFF, DICOM, a set of 2D JPEG files, and so on). On the other hargpecific file format does not
necessarily correspond to exactly one data class. For dgampata file in Fluent UNS format can
either contain hexahedral griddXHexaGrig or tetrahedral gridsHxTetraGrid.

Note that there is also no one-to-one correspondence betiveénstance of a data class (a green icon
in amira) and the instance of a file format (the actual file). Often iplétfiles correspond to a single
data object, for example 2D images forming a single 3D imadenae. On the other hand, a single file



can contain the data of multiple data objects. For examplé\vs UCD file can contain a tetrahedral
grid as well as multiple scalar fields defined on it.

Finally, note that information may get lost when saving addiject to a file in a specific format. For
example, when saving a 3D image volume to a set of 2D JPEG snHgebounding box information
will be lost. Likewise, there are user-defined parameteegtobutes inamira that cannot be encoded
in most standard file formats. On the other hand a file readenafoes not interpret all information
provided by a specific file format.

3.2 Read Routines

As already mentioned in the previous section, a read roigiaeC++ function that reads a disk file,
interprets the data, creates an instance cdraira data class, and fills that instance with the data read
from the file.

In order to write a read routine, obviously two things aredesk namely a specification of the file
format to be read as well as the information whiclaofira’s data classes is able to represent the data
and how this class is used. More information about the starataira data classes is given in Chapter
5. The C++ interface of these classes is described in theerdiierence documentation.

A read routine may either be a static member function of asateisa global function. In addition to
the function itself, an entry in the package resource filemsded. In this wagmira is informed about
the existence of the read routine and about the type of filtsctm be handled by the reader.

In the following discussion the implementation of a usefirte read routine will be illustrated by two
concrete examples, namedysimple read routine for scalar fieldsda read routine for surfaces and
surface fieldsSomemore details about read routingsl be discussed subsequently.
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3.2.1 A Reader for Scalar Fields

In this section we present a simple read routine designeckfating image volumes, i.e., 3D scalar
fields, from a very simple file format, which we have invented this example. The file format is
called PPM3D (because it is similar to the ppm 2D image foymahe PPM3D format will be an
ASCII file format containing a header, three integer numtspecifying the size of the 3D image
volume, and the pixel data as integer numbers in the rang830An example file could look like
this:

# PPM3D

443

43 44 213 9 23 234 3 3 3 44 213 9 23 234 36 63
44 213 9 23 234 35 3 5 44 213 9 23 234 31 13 12
44 213 9 23 234 35 3 5 44 213 9 23 234 31 13 12

The full source code of the read routine is contained in thealpackage provided with theemira
developer version. In order to follow the example below,t faeate a locabmira directory us-
ing the Development Wizard Be sure that the toggleopy demo packages activated, as de-
scribed in Sectior2.2 The read routine can then be found in the loaalira directory under
packages/mypackage/readppm3d.cpp

Let us first take a look at the commented source code of theere&&bme general remarks follow
below.

[T Mt
1

/I Sample read routine for the PPM3D file format

1

M M

#include <Amira/HxMessage.h>
#include <hxfield/HxUniformScalarField3.h>
#include <mypackage/mypackageAPl.h>

MYPACKAGE_API int readppm3d(const char  * filename)
FILE + f = fopen(filename, "r"); // open the file

if (') {
theMsg->ioError(filename);
return O; // indicate error

}

/I Skip header (first line). We could do some checking here:
char buf[80];
fgets(buf, 80, f);

/I Read size of volume:

int dims[3];
dims[0] = dims[1] = dims[2] = O;
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fscanf(f, "%d %d %d", &dims[0], &dims[1], &dims[2]);

/I Do some consistency checking.

if (dims[0] +dims[1] *dims[2] <= 0) {
theMsg->printf("Error in file %s.", filename);
fclose(f);
return 0O;

}

/I Now create 3D image data object. The constructor takes
/I the dimensions and the primary data type. In this case
/I we create a field containing unsigned bytes (8 bit).
HxUniformScalarField3 * field =
new HxUniformScalarField3(dims, McPrimType::mc_uint8) ;

/I The HxUniformScalarField3 stores its data in a member
/I variable called lattice. We know that the data is unsigned
/I 8 bit because we specified this in the constructor.
unsigned char * data =

(unsigned char *) field->lattice.dataPtr();

/I Now we must read dims[0] +»dims[1] *dims[2] data values
for (int i=0; i<dims[0] »dims[1] *dims[2]; i++) {

int val=0;

fscanf(f,"%d",&val);

data[i] = (unsigned char) val;

}

/I We are done with reading, close the file.
fclose(f);

/I Register the data object to make it visible in the
/I Pool. The name for the new object is automatically
/I generated from the filename.
HxData::registerData(field, filename);

return 1; // Indicate success

The source file starts with some includes. First, theHilMessage.ls included. This header file
provides the global pointeaheMsgwhich allows us to print out text messages in #mira console
window. In our read routine we usleeMsgto print out error messages if a read error occurred.

Next, the header file containing the declaration of the diatssdo be created is included, i.ExUni-
formScalarField3.hAs a general rule, every classamira is declared in a separate header file. The
name of the header file is identical to the name of the C++ class

Finally, the filemypackageAPI.Is included. This file provides import and export storagesslspeci-
fiers for Windows systems. These are encoded in the mMA¥ACKAGERPI . On Unix systems this
macro is empty and can be omitted.

The read routine itself takes one argument, the name of ttaefitlato be read. It should return 1 on
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success, or 0 if an error occurred and no data object coulddateri. The body of the read routine
is rather straightforward. The file is opened for readinge Blze of the image volume is read. A
new data object of typélxUniformScalarField3s created and the rest of the data is written into
the data object. Finally, the file is closed again and the dbjact is put into the Pool by calling
HxData::registerData . In principle, all read routines look like this example. Qfucse, the
type of data object being created and the way that this olgjaitialized may differ.

In order to make the new read routine knowratoira, an entry must be added to the package resource
file, i.e., to the filemypackage/share/resources/mypackage.rc . In our case this entry
looks as follows:

dataFile -name "PPM3D Demo Format" \
-header "PPM3D" \
-load "readppm3d" \
-package "mypackage"

The dataFile  command registers a new file format callB€M3D Demo Format The option
-header specifies a regular expression which is used for automatiddiimat detection. If the
first 64 bytes of a file match this expression, the file will béoauatically loaded using this read rou-
tine. Of course, some data formats do not have a unique fildeel this case, the format may also
be detected from a standard file name extension. Such arsextenay be specified using thext
option of thedataFile =~ command. Multiple extensions can be specified as a commexagte list.
The actual C++ name of the read routine is specifiedioad . Finally, the package containing the
read routine must be specified using thackage option.

If you have compiled the example in the mypackage demo packey can try to load the demo file
mypackage/data/test.ppm3d . As you will see, the file browser automatically detects thee fi
format and displayPPM3D Demo Formain its file list.

Read Routines 29



3.2.2 A Reader for Surfaces and Surface Fields

Now that you know what a read routine looks like in principég us consider a more complex example.
In this section we discuss a read routine which creates nhare dne data object. In particular, we
want to read a triangular surface mesh from a file. In additotine surface description, the file may
also contain data values for each vertex of the surface. d&iaed on a surface mesh are represented
by separate classes amira. Therefore, the reader must first create a data object repting the
surface only. Then appropriate data objects must be créatedch surface field.

Again, the file format is quite simple and has been inventethf® purpose of this example. We call it
theTrimeshformat. Itis a simple ASCII format without any header. Thetflime contains the number
of points and the number of triangles. Then the x-, y-, andardinates of the points are listed. This
section is followed by triangle specifications consistifighoee point indices for each triangle, point
count starts at one. The next section is for vertex datajragawith a line that contains an arbitrary
number of integers. Each integer indicates that there igafidd with a certain number of variables
defined on the surface’s vertices, e.g., 1 for a scalar fiellfor a vector field. The data values for
each vertex follow in separate lines. Here is a small exaqhaining a single scalar surface field:

4 2

0.0 0.0 0.0
1.0 0.0 0.0
0.0 1.0 0.0
1.0 1.0 0.0
124
143
1

0.0
0.0
1.0
1.0

You can find the full source code of the reader in the lo@ahira directory under
packages/mypackage/readtrimesh.cpp . Remember that the demo package must have been
copied into the locahmira directory before compiling. For details, refer to Sectih@ Let us now
look at the complete read routine before discussing thélsteta

T T i
I

/I Read routine for the Trimesh file format

1

M T i

#include <McStringTokenizer.h>
#include <Amira/HxMessage.h>
#include <hxsurface/HxSurface.h>
#include <hxsurface/HxSurfaceField.h>
#include <mypackage/mypackageAPl.h>
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MYPACKAGE_API int readtrimesh(const char * filename)

FILE = fp = fopen(filename, "r");

if (fp) {
theMsg->ioError(filename);
return O;

}

/I 1. Read the surface itself

char buffer[256];
fgets(buffer,256,fp); // read first line

int i, j, k, nPoints=0, nTriangles=0;
/I Get number of points and triangles
sscanf(buffer, "%d %d", &nPoints, &nTriangles);

if (nPoints<0 || nTriangles<0) {
theMsg->printf("lllegal number of points or triangles.")
fclose(fp);
return O;

}

HxSurface * surface = new HxSurface; // create new surface
surface->addMaterial(“Inside",0); // add some materials
surface->addMaterial("Outside",1);

HxSurface::Patch * patch = new HxSurface::Patch;
surface->patches.append(patch); / add patch to surface
patch->innerRegion = 0;

patch->outerRegion = 1;

surface->points.resize(nPoints);
surface->triangles.resize(nTriangles);

for (i=0; i<nPoints; i++) { // read point coordinates
McVec3f& p = surface->pointsi];
fgets(buffer,256,fp);
sscanf(buffer, "%g %g %g", &p[0], &p[1l], &p[2]);
}

for (i=0; i<nTriangles; i++) { // read triangles
int idx[3];
fgets(buffer,256,fp);
sscanf(buffer, "%d %d %d", &idx[0], &idx[1], &idx[2]);

Surface::Triangle& tri = surface->trianglesi;
tri.points[0] = idx[0]-1; // indices should start at zero
tri.points[1] = idx[1]-1;

tri.points[2] = idx[2]-1;

tri.patch = 0;
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/I Add all triangles to the patch

patch->triangles.resize(nTriangles);

for (i=0; i<nTriangles; i++)
patch->triangles[i] = i;

/I Add surface to Pool
HxData::registerData(surface,filename);

/I 2. Check if file also contains data fields

fgets(buffer,256,fp);
McStringTokenizer tk(buffer);
McDArray<HxSurfaceField *> fields;

while (tk.hasMoreTokens()) { // are there any numbers here ?
int n = atoi(tk.nextToken());
/I Create field with desired number of components
HxSurfaceField * field = HxSurfaceField::create(surface,
HxSurfaceField::OnNodes, n);
fields.append( field );
}

if (fields.size()) {
/I Read data values for all fields
for (i=0; i<nPoints; i++) {
fgets(buffer,256,fp);
tk = buffer;
for (j=0; j<fields.size(); j++) {
int n = fields[j]->nDataVar();
float * v = &fields[j]->dataPtr()[i *n];
for (k=0; k<n; k++)
v[k] = atof(tk.nextToken());

}

/I Add all fields to Pool

for (i=0; i<fields.size(); i++) {
HxData::registerData(fields[i], NULL);
fields[i]->composeLabel(surface->getName(),"data");

}

fclose(fp); // close file and return ok
return 1;

}

The first part of the read routine is very similar to the PPM&Bder outlined in the previous section.
Required header files are included, the file is opened, théauof points and triangles are read, and
a consistency check is performed.

Then anamira surface object of typeélxSurfacds created. The clag$xSurfacehas been devised to
represent an arbitrary set of triangles. The triangles ayarized intgpatches A patch can be thought
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of as the boundary between two volumetric regions, an “ihaed an “outer” region. Therefore, for
each patch an inner region and an outer region should be deflneour case, all triangles will be
inserted into a single patch. After this patch has beenedeatd initialized, the number of points and
triangles is set, i.e., the dynamic arrg@intsandtrianglesare resized appropriately.

Next, the point coordinates and the triangles are read. Egsigle is defined by the three points it
consists of. The point indices start at one in the file but &hstart at zero in théixSurfaceclass.
Therefore all indices are decremented by one. Once allgiéarhave been read, they are inserted into
the patch we have created before. The surface is now fuliglized and can be added to the Pool by
calling HxData::registerData

The second part of the read routine is reading the data vakiest, we check how many data fields
are defined and how many data variables each field has. Intorgarse this information, we use the
utility classMcStringTokenizerThis class returns blank-separated parts of a string daeth other.
For more information about this and other utility classdento the online reference documentation
of theamira developer version.

For each group of data variables, a corresponding surfddeidiereated. The fields are temporarily
stored in the dynamic arrafjelds Instead of directly calling the constructor of the classSur-
faceField the static metho#ixSurfaceField::creatés used. This method checks the number of data
variables and automatically creates an instance of a ssslach agixSurfaceScalarFieldr Hx-
SurfaceVectorFieldif this is possible. In principle, surface fields may stoetadon a per-node or a
per-triangle basis. Here we are dealing with vertex datayesspecify the encoding to béxSurface-
Field::OnNodesn HxSurfaceField::create

Finally, the data values are read into the surface fieldsenldaefore. Afterwards, all the fields are
added to the Pool by callingixData::registerDataagain. In order to define a useful name for the
surface fields, we call the meth@dmposelLabelThis method takes a reference name, in this case
the name of the surface, and replaces the suffix by some ditieg,sin this case "data”.amira
automatically modifies the name so that it is unique. Theeafee can perform the same replacement
for all surface fields.

Like any other read routine, oufrimesh reader must be registered in the package
resource file before it can be used. This is done by the foligwistatement in
mypackage/share/resources/mypackage.rc

dataFile -name "Trimesh Demo Format" \
-ext "trimesh,tm"
-load "readtrimesh" \

-package "mypackage"

Most of the options of theataFile  command have already been explained in the previous section
However, in contrast to the PPM3D format, fhiegmeshformat cannot be identified by its file header.
Therefore, we use the@xt option to tellamira that all files with file name extensiotismeshor tm
should be opened using themeshreader.
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3.2.3 More About Read Routines

The basic structure of a read routine should be clear fronetenples presented in the previous two
sections. Nevertheless, there are a few more things thditiéof interest in some situations. These
will be discussed in the following.

Reading Multiple Images At Once

Theamira file browser allows you to select multiple files at once. Ubyalll these files are opened
one after the other by first determining the file format andhtballing the appropriate read routine.
However, in some cases the data of a sirgiéra data object are distributed among multiple files. The
most prominent example is 3D images where every slice iedtiora separate 2D image file. In order
to be able to create a full 3D image, the file names of all th&viddal 2D images must be available to
a read routine. To facilitate this, read routinegmira can have two different signatures. Besides the
ordinary form

int myreader(const char * filename);

read routines can also be defined as follows:

int myreader(int n, const char +  filenames);

In both cases exactly the samataFile =~ command can be used in the package resourcesfihira
automatically detects whether a read routine takes a sfibgleame as an argument or multiple ones.
In the latter case, the read routine is called with the nanfiedl diles selected in the file browser,
provided all these files have the same file format (if multiiges with different formats are selected,
the read routine for each format is called with the matchileg fonly). You can create the template of
a multiple files read routine by selecting the toggleate reader for multiple fileis the Development
Wizard (see SectioB.7).

The Load Command

The current state of themira network with all its data objects and modules can be storedseript
file. When executed, the script should restore the netwoaknagOf course, this is a difficult task
especially if data objects have been modified since they bege loaded from files. However, even if
this is not the case@mira must know how to reload the data later on.

For this purpose a special parameter calleddCmdshould be defined for the data object. This pa-
rameter should contain a Tcl command sequence which redteeelata object on execution. Usually,
the load command is simply setltwad <filename>  when callingHxData::registerData

However, this approach fails if the format of the file cannetdetected automatically, or if multiple
data objects are created from a single file, e.g., as imMooreshexample.
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In such cases the load command should be set manually. Ino€dke Trimeshreader, this could
be done by adding the following lines of code at the very enthefroutine just before the method’s
returning point:

McString loadCmd;

loadCmd.printf("set TMPIO [load -trimesh %s]\n"
"lindex $TMPIO 0", filename);

surface->setLoadCmd(loadCmd,1);

for (int i=0; i<fields.size(); i++) {
loadCmd.printf("lindex $TMPIO %d", i+1);
fields[i]->setLoadCmd(loadCmd,1);

This code requires some explanation. The file is loaded drhtd objects are created when the first
line of the load command is executed. Note that we specifieettimesh  option as an argument
of load . This ensures that tHEimeshreader will always be used. The format of the file to be loaded
will not be determined automatically. The Tcl commdodd returns a list with the names of all
data objects which have been created. This list is storeldervariable TMPIO. Later the names of
the individual objects can be obtained by extracting theesponding elements from this list. This is
done using the Tcl commaricidex

Using Dialog Boxes in a Read Routine

In some cases a file cannot be read successfully unlessceat@meters are interactively specified by
the user. Usually this means that a special-purpose dialey be popped up within the read routine.
This is done, for example, when raw data are reaannira. In order to write your own dialogs, you
must use Qt, a platform-independent toolkit for designirapgical user interfaces. Qt is not included
with the developer version @amira. However, once you have it installed on your system, you can
easily use it to create custom dialogsaimira.

If you don’t have Qt or if you don’t want to use it, you may cahesi implementing your read routine
within an ordinary module. Although this somewhat breaksra’s data import concept, it will work
too, of course. You then can utilize ordinary ports to letuBer specify required import parameters.

3.3 Write Routines

Like read routines, write routines @mmira are C++ functions, either global ones or static member
functions of an arbitrary class. In the following discussige present write routines for the same two
formats for which reader codes have been explained in thequ®section. Firsta writer for scalar
fieldswill be discussed, thea writer for surfaces and surface fields
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3.3.1 A Writer for Scalar Fields

In this section we explain how to implement a routine for imgt3D images, i.e., instances of the
classHxUniformScalarField3to a file using the PPM3D format introduced in Sect®@.1 The
writer is even simpler than the reader. Again, the source ¢edontained in the demo package of
the amira developer version. Once you have created a langta directory using theDevelopment
Wizardand copied the demo package into that directory, you will firelwrite routine in the local
amira directory undepackages/mypackage/writeppm3d.cpp . Herelitis:

[T T M
1

/I Sample write routine for the PPM3D file format

1

[T M

#include <Amira/HxMessage.h>
#include <hxfield/HxUniformScalarField3.h>
#include <mypackage/mypackageAPI.h>

MYPACKAGE_API
int writeppm3d(HxUniformScalarField3 + field, const char * filename)

/I For the moment we only want to support byte data

if (field->primType() != McPrimType::mc_uint8) {
theMsg->printf("This format only supports byte data.");
return O; // indicate error

}

FILE » f = fopen(filename, "w"); // open the file

if (if) {
theMsg->ioError(filename);
return O; // indicate error

}

/I Write header:
fprintf(f, "# PPM3D\n");

/I Write fields dimensions:
const int  * dims = field->lattice.dims();
fprintf(f, "%d %d %d\n", dims[0], dims[1], dims[2]);

/I Write dims[0] x»dims[1] *dims[2] data values:
unsigned char * data =
(unsigned char *) field->lattice.dataPtr();

for (int i=0; i<dims[O] »dims[1] *dims[2]; i++) {
fprintf(f, "%d ", datali]);
if (%20 == 19) // do some formatting
fprintf(f,"\n");
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/I Close the file.
fclose(f);

return 1; // indicate success

At the beginning, the same header files are included as iretider HxMessage.provides the global
pointertheMsgwhich allows us to print out text messages in #raira console window. HxUni-
formScalarField3.ltontains the declaration of the data class to be writtenddilén Finally,mypack-
ageAPl.hprovides import and export storage-class specifiers foddis systems. These are encoded
in the macraYPACKAGEPI . On Unix systems, this macro is empty and can be omitted.

The signature of a write routine differs from that of a readtie. It takes two arguments, namely a
pointer to the data object to be written to a file, as well asmme of the file. Before a write routine
is called,amira always checks if the specified file already exists. If thidhs ¢ase, the user is asked
if the existing file should be overwritten. Therefore, suathack need not to be coded again in each
write routine. Like a read routine, a write routine shoultlra 1 on success, or 0 if an error occurred
and the data object could not be saved.

The body of the write routine is almost self-explanatory.tid¢ beginning, a check is made whether
the 3D image really consists of byte data. In general, the tfpdata values of such an image can
be 8-bit bytes, 16-bit shorts, 32-bit integers, floats, aitdes. If the image does contain bytes, a file
is opened and the image contents are written into it. Howexee that the data object also contains
information which cannot be stored using our simple PPM3®ffikrmat. First of all, this applies to
the bounding box of the image volume, i.e., the position efdanter of the first and the last voxel in
world coordinates. Also, all parameters of the object (a&efim the member variablgarametersof
type HxParamBundlewill be lost if the image is written into a PPM3D file and reaghin.

Like a read routine, a write routine must be registered in pagkage resource file, i.e., in
mypackage/share/resources/mypackage.rc . This is done by the following statement:

dataFile -name "PPM3D Demo Format" \
-save "writeppm3d" \
-type "HxUniformScalarField3" \
-package "mypackage"

The option-save specifies the name of the write routine. The optitype specifies the C++ class
name of the data objects which can be saved using this fori@te that an export format may be
registered for multiple C++ objects of different type. Ilisticase multipletype options should be

specified. However, for each type there must be a separate rrtine with a different signature
(polymorphism). For example, if we additionally want to istgr the PPM3D format for objects of
type HxStackedScalarField8ve must additionally implement the following routine:

int writeppm3d(HxStackedScalarField3 * field, const char * fname);
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Besides the standard data classes, there are so-g#kefdice classethat may be specified with the
-type option. For example, in this way it is possible to implemegeaeric writer for n-component
regular 3D fields. Such data is encapsulated by the inteHatattice3 For more information about
interfaces, refer to Chaptér

At this point you may try to compile and execute the write nogitby following the instructions given
in Sectionl.5(Compiling and Debugging).

3.3.2 A Writer for Surfaces and Surface Fields

For the sake of completeness, a writer for Tieneshformat introduced in Sectio®.2.2is described

in this section. Remember that thiemeshformat is suitable for storing a triangular mesh as well as
an arbitrary number of data values defined on the verticdseo$tirface. Immira, surfaces and data
fields defined on surfaces are represented by different sbj&bis also has some implications when
designing a write routine.

In our example we actually implement two different write tioes, one for the surface and one for
the surface field. If the user selects the surface and exparsing theTrimesh writer, the surface
mesh as well as all attached data fields will be written to fida.the other hand, if the user selects a
particular surface field, the corresponding surface andlesselected field will be written.

The source code of the writer can be found in the loaahira directory under
packages/mypackage/writetrimesh.cpp . Remember that the demo package must
be copied into the locamira directory before compiling. For details refer to Secth@ Again, let

us start by looking at the code:

T T G
I

/I Write routine for the Trimesh file format

I

T T T G

#include <Amira/HxMessage.h>
#include <hxsurface/HxSurface.h>
#include <hxsurface/HxSurfaceField.h>
#include <mypackage/mypackageAPI.h>

static
int writetrimesh(HxSurface * surface,

McDArray<HxSurfaceField *> fields, const char * filename)
{

FILE =f = fopen(filename, "w");

if (') {
theMsg->ioError(filename);
return O;

}

int i,j,k;
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McDArray<McVec3f>& points = surface->points;
McDArray<Surface::Triangle>& triangles = surface->tria

/I Write number of points and number of triangles
fprintf(f, "%d %d\n", points.size(), triangles.size());

/I Write point coordinates
for (i=0; i<points.size(); i++) {
McVec3f& v = points]i];
fprintf(f, "%g %g %g\n", v[0], Vv[1], Vv[2]);
}
/I Write point indices of all triangles

for (i=0; i<triangles.size(); i++) {
int * idx = triangles[i].points;

forintf(f, "%d %d %d\n", idx[0]+1, idx[1]+1, idx[2]+1);

/I If there are data fields write them out too.
if (fields.size()) {
for (j=0; j<fields.size(); j++)
fprintf(f, "%d ", fields[j]->nDataVar());
fprintf(f, "\n");

for (i=0; i<points.size(); i++) {
for (j=0; j<fields.size(); j++) {
int n = fields[j]->nDataVar();

float * v = &fields[j]->dataPtr()[i *nJ;
for (k=0; k<n; k++)
fprintf(f, "%g ", v[k]);
}
fprintf(f, "\n");
}
}
fclose(f); // done
return 1;
}
MYPACKAGE_API
int writetrimesh(HxSurface * surface, const char * filename)

{

/I Temporary array of surface data fields
McDArray<HxSurfaceField *> fields;

/I Check if there are data fields attached to surface
for (int i=0; i<surface->downStreamConnections.size();
HxSurfaceField * field =

(HxSurfaceField  *) surface->downStreamConnectionsl[i];

if (field->isOfType(HxSurfaceField::getClassTypeld()

field->getEncoding() == HxSurfaceField::OnNodes)

fields.append(field);
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/I Write surface and all attached data fields
return writetrimesh(surface, fields, filename);

}

MYPACKAGE_API
int writetrimesh(HxSurfaceField + field, const char * filename)

{

/I Check if data is defined on nodes

if (field->getEncoding() != HxSurfaceField::OnNodes) {
theMsg->printf("Data must be defined on nodes.");
return O;

}

/I Store pointer to field in dynamic array
McDArray<HxSurfaceField *> fields;
fields.append(field);

/I Write surface and this data field
return writetrimesh(field->surface(), fields, filename );

}

In the upper part of the code, first a static utility method édied which takes three arguments: a
pointer to a surface, a dynamic array of pointers to surfatedj and a file name. This is the function

that actually writes the data to a file. Once you have undeddteeTrimeshreader presented in Section

3.2.2 it should be no problem to follow the writer code too.

In the lower part of the code, two write routines mentioneodvegare defined, one for surfaces and the
other one for surface fields. Since these routines are to @ td for external use, we need to apply
the package macidYPACKAGEPI, at least on Windows.

Let us now look more closely at the surface writer.  This noatifirst collects all sur-
face fields attached to the surface in a dynamic array. Thisdase by scanning
surface->downStreamConnections which provides a list of all objects attached to the sur-
face. The class type of each object is checked using the ehé&tdType . This sort of dynamic
type-checking is the same as in Open Inventor. If a surfattbtis been found and if it contains data
defined on its nodes, it is appended to the temporary diekds . The surface itself, as well as the
collected fields, are then written to file by calling the tyilmethod defined in the upper part of the
writer code.

The second write routine, the one adapted to surface fisdanipler. Here a dynamic array of fields
is used too, but this array is filled with data representirgdtiginal surface field only. Once this has
been done, the same utility method can be called as in thedisst

Although actually two write routines have been defined, amlg entry in the package resource file is

required. This entry looks as follows (segpackage/share/resources/mypackage.rc ):
dataFile -name "Trimesh Demo Format" \
-ext "trimesh" \

-type "HxSurface"
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-type "HxSurfaceField"
-save "writetrimesh" \
-package "mypackage"

In order to compile and execute the write, please follow tistructions given in Sectich 5 (Compil-
ing and Debugging).

3.4 The AmiraMesh API

Besides many standard file formadsjira also provides its own native format called AmiraMesh. The
AmiraMesh file format is very flexible. It can be used to savenyndifferent data objects including
image data, finite-element grids, and solution data defimeduzh grids. Among other features it
supports ASCII or binary data encoding, data compressiwh séorage of arbitrary parameters. The
format itself is described in more detail in the referenagtiea of the users guide. In this section we
want to discuss how to save custom data objects in AmiraMamshdt. For this purpose a special C++
utility class calledAmiraMesh is provided. Using this class, reading and writing Amiraléites
becomes very easy.

Below we will first provide anoverviewof the AmiraMesh API. After that, we present two simple
examples. In the first one we show how colormapsvariéenin AmiraMesh format. In the second
one we show how such colormaps aead baclagain.

3.4.1 Overview

The AmiraMesh API consists of a single C++ class. This classalledAmiraMesh as is the file
format itself. It is defined in the header filaclude/amiramesh/AmiraMesh.h located in
the amira root directory. The class is designed to completely reprietfee information stored in
an AmiraMesh file in memory. When reading a file first an instéan€t an AmiraMesh class is
created. This instance can then be interpreted and thedai@iiced in it can be copied into a matching
amira data object. Likewise, when writing a file, first an instanf@awAmiraMesh class is created
and initialized with all required information. Then thisstance is written to file simply by calling a
member method.

If you look at the header file or at th@miraMesh class documentation, you will notice that
there are four public member variables callgatameters , locationList , datalList , and
fieldList . These variables completely store the information coethin a file. The first variable

is of typeHxParamBundle . Like in anamira data object, it is used to store an arbitrary hierarchy of
parameters. The other three member variables are dynamajsalf pointers to locally defined classes.
The most importantlocal classes daration andData , which are stored itocationList and
datalist , respectively.

A Location defines the name of a single- or multi-dimensional arrayo#sdnot store any data by
itself. This is done by ®ata class. Everyata class must refer to somecation . For example,
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when writing a tetrahedral grid, we may define two differenealimensional locations, one called
Nodesand the other one calléeétrahedra On the nodes we definedzata instance for storing the x-,
y-, and z-coordinates of the nodes. Likewise, on the tethahere define ®ata instance for storing
the indices of the four points of a tetrahedron.

As stated in théAmiraMesh class documentation, thigata class can take a pointer to some already
existing block of memory. In this way it is prevented thatddta must be copied before it is written
to file. In order to write compressed data, the member metbt@odec has to be called. Currently,
two different compression schemes are supported. ThefiestalledHxByteRLEimplements simple
run-length encoding on a per-byte basis. The second onedd#ékZip, uses a more sophisticated
compression technique provided by the extemrtibllibrary. In any case, the data will be automatically
uncompressed when reading an AmiraMesh file.

It should be pointed out that the AmiraMesh file format itsakrely provides a method for storing
arbitrary data organized in single- or multi-dimensionaags in a file. It does not specify anything
about the semantics of the data. Therefore, when readingraraMesh file it is not clear what kind of
data object should be created from it. To facilitate file IfZwstom data objects, the actual contents
of an AmiraMesh file are indicated by a special parameteed&bntentType For each such type,
a special read routine is registered. Like an ordinary reatime, an AmiraMesh reader is a global
function or a static member method of a C++ class. It has theWing signature:

int readMyAmiraMesh(AmiraMesh * m, const char =« filename);

This method is called whenever ti@ontentTypgarameter matches the the one the read method is
registered for. The reader should createaamra data object from the contents of the AmiraMesh
class. The filename can be used to define the name of the ngsdéta object. In order to register
an AmiraMesh read routine, a statement similar to the falhgwone must be put into the package
resource file:

amiramesh -ContentType "MyType" \
-load "readMyAmiraMesh" \
-package "mypackage"

3.4.2 Writing an AmiraMesh File

As a concrete example, in this section we want to show how arealp is written in AmiraMesh
format. In particular, we consider colormaps of tyilggColormap256 , consisting of N discrete
RGBA tuples. Like most other write methods, the AmiraMesltevis a global C++ function. Let us
first look at the code before discussing the details.

HXCOLOR_API
int writeAmiraMesh(HxColormap256 * map, const char =* filename)

{
float minmax[2];
minmax[0] = map->minCoord();
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minmax[1] = map->maxCoord();
int size = map->getLength();

AmiraMesh m;

m.parameters = map->parameters;
m.parameters.set("MinMax", 2, minmax);
m.parameters.set("ContentType", "Colormap");

AmiraMesh::Location * loc =
new AmiraMesh::Location("Lattice", 1, &size);
m.insert(loc);

AmiraMesh::Data * data = new AmiraMesh::Data("Data", loc,
McPrimType::mc_float, 4, (void *) map->getDataPtr());
m.insert(data);

if (!'m.write(filename,1) ) {
theMsg->ioError(filename);
return O;

}

setLoadCmd(filename);
return 1;

In the first part of the routine a variabta of type AmiraMesh is defined. The parameters of the
colormap are copied intm In addition, two more parameters are set. The first onegd¢®MinMax,
describes the coordinate range of the colormap. The secoadndicates the content type of the
AmiraMesh file. This parameter ensures that the colormapbearead back again by a matching
AmiraMesh read routine (see Sectid.3.

Before the RGBA data values can be stored,ogation of the right size must be created and
inserted into théAmiraMesh class. Afterwards, an instance oData class is created and inserted.
The constructor of th®ata class takes a pointer to thevcation as an argument. Moreover, a
pointer to the RGBA data values is specified. Each RGBA tupiesists of four numbers of type float.

3.4.3 Reading an AmiraMesh File

In the previous section we presented a simple AmiraMeslewoititine for colormaps. We now want
to read back such files again. For this reason we define a statiaMesh read function in class
HxColormap256 . Of course, a global C++ function could be used as well. Tlael feinction is
registered in the package resourceffikeolor.rc in the following way:

amiramesh -ContentType "Colormap" \
-load "HxColormap256::readAmiraMesh” \
-package "hxcolor"

This statement indicates that the static member metheadAmiraMesh of the class
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HxColormap256 defined in packagéxcolor should be called if the AmiraMesh file contains
a paramete€ontentTypequal toColormap . The source code of the read routine looks as follows:

int HxColormap256::readAmiraMesh(AmiraMesh * m,
const char =+ filename)
{

for (int i=0; i<m->dataList.size(); i++) {
AmiraMesh::Data * data = m->dataList][i];

if (data->location()->nDim() != 1)
continue;

if (data->dim()<3 || data->dim()>4)
continue;

if (data->primType() != McPrimType::mc_uint8 &&
data->primType() != McPrimType::mc_float)
continue;

int dim = data->dim();
int size = data->location()->dims()[0];

HxColormap256 * colormap = new HxColormap256(size);
colormap->parameters = m->parameters;

switch (data->primType()) {
case McPrimType::mc_uint8: {
unsigned char * src =
(unsigned char ) data->dataPtr();
for (int k=0; k<size; k++, src+=dim) {
float a = (dim>3) ? (src[3])/255.0 : 1;
colormap->setRGBA(k, src[0]/255., src[1]/255.,
src[2]/255., a);
} } break;

case McPrimType::mc_float: {
float * src = (float *) data->dataPtr();
for (int k=0; k<size; k++, src+=dim) {
float a = (dim>3) ? src[3] : 1;
colormap->setRGBA(k, src[0], src[1], src[2], a);
} } break;

float minmax[2] = { 0,1 };
m->parameters.findReal("MinMax", 2, minmax);
colormap->setMinMax(minmax[0], minmax[1]);

HxData::registerData(colormap, filename);

return 1;

}

return O;
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Compared to the write routine, the read routine is a littlenhdre complex since some consistency
checks are performed. First, the membataList  of the AmiraMesh structure is searched for a
one-dimensional array containing vectors of three or fdements of type byte or float. This array
should contain the RGB or RGBA values of the colormap. If aadhiaig Data structure is found, a
new instance of typelxColormap256 is created. The parameters are copied fromAimraMesh
class into the new colormap. Afterwards, the actual colaramare copied. Although the write routine
only exports RGBA tuples of type float, the read routine algop®rts byte data. For this reason two
different cases are distinguished in a switch statemettelfile only contains 3-component data, the
opacity value of each colormap entry is set to 1. Finallydberdinate range of the colormap is set by
evaluating the 2-component parameéénMax, and the new colormap is added to the Pool by calling
HxData::registerData
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Chapter 4

Writing Modules

Besides the data classes, modules are the camwh. They contain the actual algorithms for visu-
alization and data processing. Modules are instances ofdlasses derived from the common base
classHxModule .

There are two major groups of modulesompute moduleand display modules The first group
usually performs some sort of operation on input data, esestme resulting data object, and deposits
the latter in the Pool. In contrast, display modules usudillgctly visualize their input data. In this
chapter both types of modules will be covered in separat#ossc For each case a concrete example
will be presented and discussed in detail.

In addition, we also discuss tlaenira Plot APlin this chapter. This APl makes it possible to create
simple line plots or bar charts within a module.

4.1 A Compute Module

As already mentionedompute modulassually take one or more input data objects and calculateva ne
resulting data object from these. The resulting data oligedposited in the Pool. Compute modules
are represented by red icons in the Pool. They are derivettie base cladgdxCompModule.

In order to learn how to implement a new compute module, wktake a look at a concrete example.
In particular, we want to write a compute module which parfsa threshold operation on a 3D image,
i.e., on an input object of typeEixUniformScalarField3 The module produces another 3D image as
output. In the resulting image, all voxels with a value bebwser-specified minimum value or above
a maximum value should be set to zero.

For easier understanding we start with a very simple andduinversion of the module. Then we
iteratively improve the code. In particular, we proceediret steps:



e \ersion 1 merely scans the inputimage, does not yet produce a result
e \frsion 2 creates an output object as result, uses the progress bar
e \rsion 3 adds arApplybutton, overwrites the existing result if possible

You can find the source code of all three versions in the denciggee provided with th@mira
developer version, i.e., undpackages/mypackage inthe localamira directory. For each version
there are two files: a header file callstyComputeThresholdN.h  and a source code file called
MyComputeThresholdN.cpp  (whereN is either 1, 2, or 3). Since the names are different, you
can compile and execute all three versions in parallel.

In order to create a new locamira directory, please follow the instructions given in Sect® In
order to compile the demo package, please refer to SettmiCompiling and Debugging).

4.1.1 \Version 1: Skeleton of a Compute Module

The first version of our module does not yet produce any outpstmply scans the input image and
prints the number of voxels above and below the threshold.

Like most other modules, our compute module consists of ddrdde containing the class declaration
as well as a source file containing the actual code (or the clefinition). Let us look at the header
file MyComputeThreshold1.h  first:

M M
I

/I Example of a compute module (version 1)

I

M T T M
#ifndef MY_COMPUTE_THRESHOLD_H

#define MY_COMPUTE_THRESHOLD_H

#include <Amira/HxCompModule.h>

#include <Amira/HxPortFloatTextN.h>

#include <mypackage/mypackageAPl.h>

class MYPACKAGE_API MyComputeThresholdl : public HxCompM odule

/I This macro is required for all modules and data objects
HX_HEADER(MyComputeThreshold1);

public:
/I Every module must have a default constructor.
MyComputeThreshold1();

/I This virtual method will be called when the port changes.
virtual void compute();

/I A port providing float text input fields.
HxPortFloatTextN portRange;
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#endif

As usual in C++ code, the file starts with a define statemempttexents the contents of the file from
being included multiple times. Then three header files arleiited.HxCompModule.h contains the
definition of the base class of our compute module. The nextfitPortFloatTextN.h , contains
the definition of gport we want to use in our class.

A port represents an input parameter of a module. In our caseuse a port of type
HxPortFloatTextN . This port provides one or more text fields where the user oger €oating
point numbers. The required text fields and labels are aleatematically within the port constructor.
As a programmer you simply put some ports into your moduleciging their types and labels, and
do not have to bother creating a user interface for it.

Following HxPortFloatTextN.h , the package header filrypackageAPIl.h isincluded. This
file provides import and export storage-class specifiersNfimdows systems. These are encoded in
the macraYPACKAGEPI . A class declared without this macro will not be accessitdenfoutside
the DLL it is defined in. On Unix systems the macro is empty aadl loe omitted.

In the rest of the header file nothing more is done than degigimew class fronlixCompModule
and defining two member functions, namely the constructdraanoverloaded virtual method called
compute . Thecompute method is called when the module has been created and whenevange
of state occurs on one of the module’s input data objects s plm fact, a connection to an input data
object is also established by a port, as we shall see laténahis example we just declare one portin
our class, specifically an instance of tygrPortFloatTextN

The corresponding source file looks like this:

T M
1

/I Example of a compute module (version 1)

1

M M

#include <Amira/HxMessage.h>
#include <hxfield/HxUniformScalarField3.h>
#include <mypackage/MyComputeThreshold1.h>

HX_INIT_CLASS(MyComputeThreshold1,HxCompModule) // re quired macro

MyComputeThreshold1::MyComputeThreshold1() :
HxCompModule(HxUniformScalarField3::getClassTypeld( ),
portRange(this,"range",2) // we want to have two float fiel ds

{
}
void MyComputeThreshold1::compute()

/I Access the input data object. The member portData, which
/I is of type HxConnection, is inherited from HxModule.
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HxUniformScalarField3 + field =
(HxUniformScalarField3 *) portData.source();

/I Check whether the input port is connected
if (field) return;

/I Get the input parameters from the user interface:
float minValue = portRange.getValue(0);
float maxValue = portRange.getValue(1);

/I Access size of data volume:
const int * dims = field->lattice.dims();

/I Now loop through the whole field and count the pixels.
int belowCnt=0, aboveCnt=0;
for (int k=0; k<dims[2]; k++) {
for (int j=0; j<dims[1]; j++) {
for (int i=0; i<dims[0]; i++) {
/I This function returns the value at the specific
/I grid node. It implicitly casts the result
/I to float if necessary.
float value = field->evalReg(i,j,k);
if (value<minValue)
belowCnt++;
else if (value>maxValue)
aboveCnt++;

}

/I Finally print the result.
theMsg->printf("%d voxels < %g, %d voxels > %g\n",
belowCnt, minValue, aboveCnt, maxValue);

Following the include statements and the obligatd¢INIT _.CLASSmacro, the constructor is de-

fined. The usual C++ syntax must be used in order to call thetoaetors of the base class and the
class members. The constructor of the base ¢ie€SompModule takes the class type of the input
data object to which this module can be connecimuira uses a special run-time type information
system that is independent of the rtti feature provided bynwer ANSI C++ compilers.

The second method we have to implement is¢bepute method. We first retrieve a pointer to
our input data object through a member calfmitData . This port is inherited from the base
classHxModule , i.e., every module has this member. The port is of tipx€onnection and it

is represented as a blue line in the user interface (if cdedgc The rest of the compute method is
rather straightforward. The way the actual data are acdesmsa how the computation is performed,
of course, is highly specific to the input data class and thle ttae module performs. In this case we
simply loop over all voxels of the input image and count thenber of voxels below the minimum
value and above the maximum value. In order to access a sosalie, we use thevalRegmethod.
This method is provided by any scalar field with regular camates, i.e., by any instance of class
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HxRegScalarField3 . Regardless of the primitive data type of the field, the tesill always be
cast to float.

Once you have compiled thmypackage demo package, you can load the fitdus.hm from
amira ‘s data/tutorials directory and attach the module to it. Try to type in differéimeshold
values, or use different input data sets. Instructions @ompiling local packages are provided in
Sectionl.5(Compiling and Debugging).

4.1.2 \Version 2: Creating a Result Object

Now that we have a first working version of the module, we cath mdre functionality. First, we
want to create a real output data object. Then we further teantprove the module by usirgmira’s
progress bar and by providing better default values for #mge port. The header file of our mod-
ule will not be affected by all these changes. We merely neealld some code in the source file
MyComputeThreshold2.cpp

Let us start with the output data object. In the compute nekjhst before the for-loop, we insert the
following statements:

/I Create output with same primitive data type as input:
HxUniformScalarField3 * output =
new HxUniformScalarField3(dims, field->primType());

/I Output shall have same bounding box as input:
output->coords()->setBoundingBox(field->bbox());

This creates a new instance of tyfggUniformScalarField3 with the same dimensions and the
same primitive data type as the input data object. Since titygud has the same bounding box, i.e.,
the same voxel size as the input, we copy the bounding boxe et this approach will only work
for fields with uniform coordinates. For other regular cdpoate types such as stacked or curvilinear
coordinates, we refer to Sectiém

After the output object has been created, its voxel valueqiat yet initialized. This is done in the
inner part of the nested for-loops. The mettsad , used for this purpose, automatically performs a
cast from float to the primitive data type of the output field summary, the inner part of the for-loop
now looks as follows:

float value = field->evalReq(i,j,k);
float newValue = 0;

if (value<minValue)
belowCnt++;

else if (value>maxValue)
aboveCnt++;

else newValue = value;

output->set(i,j,k,newValue);
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Creating a new data object using thew operator will not automatically make it appear in the Pool.
Instead, we must explicitly register it. In a compute modtie can be done by calling the method
setResult

setResult(output); // register result

This method adds a data object to the Pool if it is not alreadggnt there. In addition, it connects
the object'smasterport to the compute module itself. Like any other connegtibis link will be
represented by a blue line in the Pool. The master port ofaalgéct may be connected to a compute
module or to an editor. Such a master connection indicasgstiie data object is controlled by an
‘upstream’ component, i.e., that its contents may be oddem by the object it is connected to.

Now that we have created an output object, let us addresgtigegss bar. Although for the test data
setlobus.am our threshold operation does not take very long, it is go@dfice to indicate that the
application is busy when computations are performed thaldctake long time on large input data.
Even better is to show a progress bar, which is not difficukfdBe the time-consuming part of the
compute routine, i.e., before the nested for-loops, we héddllowing line:

/I Turn \amira into busy state, don't activate Stop button.
theWorkArea->startWorkingNoStop("Computing threshold ");

We use the global instandkeWorkArea of classHxWorkArea here. The corresponding header
file must be included at the beginning of the source file. Théhotk turns the application into
the ‘busy’ state and displays a working message in the slatas As opposed to the method
startWorking , this variant does not activate the stop button. See Seét@for details. When
the computation is done, we must call

theWorkArea->stopWorking(); // stop progress bar

in order to switch off the ‘busy’ state again. Inside the edgbr-loops we update the progress bar just
before a new 2D slice is processed. This is done by the faligune of code:

/I Set progress bar, the argument ranges between 0 and 1.
theWorkArea->setProgressValue((float)(k+1)/dims[2])

The value offloat)(k+1)/dims[2] progressively increases from zero to one during computa-
tion. Note that you should not cadetProgressValue in the inner of the three loops. Each call
involves an update of the graphical user interface and fiberés relatively expensive. It is perfectly
okay to update the progress bar several hundred times daigognputation, but not several hundred
thousand times.

Another slight improvement we have incorporated into theosd version of our compute module

concerns theange port. In the constructor we have set new initial values fa mhinimum and
maximum fields. While both values are 0 by default, we nowlsettto 30 and 200, respectively:
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/I Set default value for the range port:
portRange.setValue(0,30); // min value is 30
portRange.setValue(1,200); // max value is 200

You may now test this second version of the compute module#égihg the test data sketbus.am

from amira’s data/tutorials directory. Attach theComputeThreshold2 module to it. To
better appreciate the progress bar, try to resample the dgia, for example to 512x512x100, and
connect the compute module to the resampled data set. Hovbevsure that you have enough main
memory installed on your system.

4.1.3 Version 3: Reusing the Result Object

Testing the first two versions of our module, we saw that thelufels compute method is triggered

automatically when the module is created and whenever tigerport is changed. Each time a new
result output data object is created. This quickly fills up tomputer’s main memory as well as
amira’s graphical user interface. Therefore, we now change #fisbior: A new result object is to be

created only the first time. Whenever the range port is chduafferwards, the existing result object
should be overridden. In order to achieve this, we modifyrttiédle part of the compute method in

the following way:

/I Check if there is a result which we can reuse.
HxUniformScalarField3 * output =
(HxUniformScalarField3 +) getResult();

/I Check for proper type.
if (output && loutput->isOfType(
HxUniformScalarField3::getClassTypeld() ))
output = 0;

/I Check if size and primType still match the current input:
if (output) {
const int  * outdims = output->lattice.dims();
if (dims[0]'=outdims[0] ||dims[1]!=outdims[1] ||
dims[2]!=outdims[2] ||
field->primType() != output->primType())
output=0;
}

/I If necessary, create a new result data set.
if (loutput) {
output = new HxUniformScalarField3(dims,
field->primType());
output->composeLabel(field->getName(),"masked");

ThegetResult method checks whether there is a data set whose master pontiscted to the com-
pute module. This typically is the object set by a previodktoasetResult . However, it also may
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be any other object. Therefore, a run-time type check musebrmed by calling thésOfType
member method of the output object. If the output object tfitype HxUniformScalarField3 ,
the variableoutput  will be set to null. Then a check is made whether the outplgatijas the same
dimensions and the same primitive data type as the inputbbjehis test failsoutput  will also be
set to null. At the end, a new result object will only be créafeno result yet exists or if the existing
result does not match the input. Itis possible to interatyitry different range values without creating
a bunch of new results.

However, when one of the numbers of the range port is chargedputation starts immediately.
Sometimes this may be desired, but in this case we preferd@adpplybutton as present in many
other compute modules. The user must explicitly push thitohun order to start computation. In
order to use thé\pply button, the following line of code must be added in the pubéction of the
module’s header file:

/I Start computation when this button is clicked.
HxPortDolt portDolt;

Of course, the corresponding include fAenira/HxPortDolt.h must be included as well. Like
for the other port, we must initializeortDolt  in the constructor of our module in the source file:

MyComputeThreshold3::MyComputeThreshold3() :
HxCompModule(HxUniformScalarField3::getClassTypeld( ),
portRange(this,"range",2), // we want to have two float fie lds
portDolt(this,"action")

/I Set text of dolt button
portDolt.setLabel(0,"Dolt");
}

To achieve the desired behavior we finally change our competbod so that it immediately returns
unless theApply button was pressed. This can be done by adding the followiememf code at the
beginning of the compute method:

/I Check whether dolt button was hit
if (portDolt.wasHit()) return;

With these changes, the module is already quite usable oTaitdch the final version of the module to
some data set, presgply, change the range and pre§gsply again. Attach a©OrthoSlicemodule to
the result while experimenting with the range (use the bistm mapping in th©rthoSlicein order
to see small changes). Try to detach the connection betwearsult and the module and prégmply
again.

Note: Sinceamira 4.0, theHxPortDolt  port is not (by default) visible in the control panel of its
associated module. Rather, the fact that a module h&tRortDolt  activates (makes green) the
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Apply button at the bottom of the Properties Area. To requestalyspf the Dolt port in the module
control panel, check thBhow "Dolt” buttonsbox in theLayouttab of theEdit/Preferenceslialog.

Finally, some remarks on performance. Although it is prdpalot critical in this simple example,
performance typically becomes an issue in real-world apfibns. In the inner-most loop, calling the
methoddield-> evalReg andoutput-> set is convenient but rather expensive. For exam-
ple, if the input consists of bytes like Iobus.am , these methods involve a cast framsigned

char tofloat and back tainsigned char

The performance can be improved by writing code which ekplitandles a particular primitive
data type. A pointer to the actual data values ebdJniformScalarField3an be obtained by calling
field-> lattice.dataPtr() . The value returned by this method is of tyaed . It must be
explicitly cast to the data type the field actually belongsTioe voxel values itself are arranged without
any padding. This means that the index of voxel (i, j, k) iegiby(k * dims[1]+])  +=dims[0]+i
wheredims[0] anddims[1] denote the number of voxels in the x and y directions, respyt

4.2 A Display Module

Our next example is a module which displays some geometgnina’s 3D viewer. The module takes
a surface model as input and draws a little cube at everyw#rée belongs ta triangles, where is
a user-adjustable parameter.

From the previous section we already know the basic idea: &llgeda new class from the base class
HxModule . Since this time our module does not produce a new data sateetig useHxModule as
base class instead BixCompModule. As input the module should accept data of cldsSurface .

We need one additional port allowing the user to specify tn@meten. As in the previous section
we develop different versions of our module, thereby iniidg new concepts step by step:

e \ersion 1
creates an Open Inventor scene graph and displays it in ¢hevi
e \ersion2
adds a colormap port, provides a parse method for Tcl comsand

e \ersion 3
implements a new display mode, dynamically shows or hidesta p

You can find the source code of all three versions of the moidullee demo package provided with
the amira developer version, i.e., undpackages/mypackage in the localamira directory. For
each version there are two files, a header file cadllg®isplayVerticesN.h and a source code
file calledMyDisplayVerticesN.cpp (whereNis either 1, 2, or 3). Since the names are different
you can compile and execute all three version in parallel.

In order to create a new locamira directory, please follow the instructions given in Sectba In
order to compile the demo package, please refer to SettyiCompiling and Debugging).
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4.2.1 Version 1: Displaying Geometry

The first version of our module, callédyDisplayVerticesimerely detects the vertices of interest and
displays them using little cubes. In order to understandtu®, we first need to look more closely at
the clasHxSurface . As we can see in the reference documentation, a surfacetiedlgecontains
an array of 3D points and an array of triangles. Each triahgkethree indices pointing into the list
of points. In order to count the triangles per vertex, we $jmyalk through the list of triangles and
increment a counter for each vertex.

Once we have detected all interesting vertices, we are goidgsplay them using small cubes. This
is done by creating an Open Inventor scene graph. If you wedearn more about Open Inventor, you
probably should look aThe Inventor Mentqgran excellent book about Open Inventor published by
Addison-Wesley. In brief, an Open Inventor scene graph isexlike structure of C++ objects which
describes a 3D scene. Our scene is quite simple. It con$isteegeparator nodeontaining several
cubes, i.e., instances of claSeCube. Since anSoCube is always located at the origin, we put an
additional node of typ&oTranslation right before eaclsoCube. We adjust the size of the cubes
so that each side is 0.01 times the length of the diagonakdftiunding box of the input surface.

After this short overview we now look at the header file of theodule. It is called
MyDisplayVertices1.h

[T T M
1

/I Example of a display module

1

[T M
#ifndef MY_DISPLAY_VERTICES_H

#define MY_DISPLAY_VERTICES_H

#include <McHandle.h> // smart pointer template class
#include <Amira/HxModule.h>
#include <Amira/HxPortIntSlider.h>
#include <mypackage/mypackageAPl.h>
#include <Inventor/nodes/SoSeparator.h>
class MYPACKAGE_API MyDisplayVerticesl : public HxModule
HX_HEADER(MyDisplayVertices1);
public:
/I Constructor.

MyDisplayVertices1();

/I Destructor.
"MyDisplayVertices1();

/I Input parameter.
HxPortIntSlider portNumTriangles;
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/I This is called when an input port changes.
virtual void compute();

protected:
McHandle<SoSeparator> scene;

b

#endif

The header file can be understood quite easily. First somex bdgader files are included. Then the
new module is declared as a child classHxModule . As usual, the macrad YPACKAGEPI and
HXHEADERire obligatory. Our module implements a default constmyeatdestructor, and a compute
method. In addition, it has a port of typé&PortintSlider which allows the user to specify the
number of triangles of the vertices to be displayed.

A pointer to the actual Open Inventor scene is stored in thenbee variablescene of type
McHandle<SoSeparator> . A McHandle is a so-calledsmart pointer It can be used like an
ordinary C pointer. However, each time a value is assignat the reference counter of the ref-
erenced object is automatically increased or decreaseis. iFdone by calling theef or unref
method of the object. If the reference counter becomes zdes®, the object is deleted automatically.
We recommend using smart pointers instead of C pointersisedhey are safer.

The actual implementation of the module is contained in teeMiyComputeThreshold1.cpp
This file looks as follows:

M 7 M
I

/I Example of a compute module (version 1)

I

M T M

#include <Amira/HxMessage.h>
#include <hxsurface/HxSurface.h>
#include <mypackage/MyDisplayVertices1.h>

#include <Inventor/nodes/SoCube.h>
#include <Inventor/nodes/SoTranslation.h>

HX_INIT_CLASS(MyDisplayVertices1,HxModule)
MyDisplayVertices1::MyDisplayVertices1() :

HxModule(HxSurface::getClassTypeld()),
portNumTriangles(this,"numTriangles")

{
portNumTriangles.setMinMax(1,12);
portNumTriangles.setValue(6);
scene = new SoSeparator;

}

MyDisplayVertices1::"MyDisplayVertices1()
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hideGeom(scene);

MyDisplayVertices1::compute()
int i;

/I Access input object (portData is inherited from HxModule
HxSurface * surface = (HxSurface *) portData.source();

if (Isurface) { // Check if input object is available
hideGeom(scene);
return;

}

/I Get value from input port, query size of surface:
int numTriPerVertex = portNumTriangles.getValue();
int nVertices = surface->points.size();

int nTriangles = surface->triangles.size();

/I We need a triangle counter for every vertex:
McDArray<unsigned short> triCount(nVertices);
triCount.fill(0);

/I Loop over all triangles and increase vertex counters:
for (i=0; i<nTriangles; i++)
for (int j=0; j<3; j++)
triCount[surface->trianglesl[i].points[j]]++;

/I Now create the scene graph...
/I First remove all previous childs:
scene->removeAllChildren();

/I Cube size should be 1% of the bounding box diagonal:
float size = surface->getBoundingBoxSize().length()

/I Pointer to coordinates cast from McVec3f to SbVec3f.
SbVec3f * p = (SbVec3f *) surface->points.dataPtr();

ShVec3f q(0,0,0); // position of last point
int count = 0O; // vertex counter

for (i=0; i<nVertices; i++) {
if (triCount[i] == numTriPerVertex) {
SoTranslation  * trans = new SoTranslation;
trans->translation.setValue(p[i]-q);

SoCube* cube = new SoCube;
cube->width = cube->height = cube->depth = size;

scene->addChild(trans);
scene->addChild(cube);

* 0.01,
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count++;
a=p[i;

}

theMsg->printf("Found %d vertices belonging to %d triangl es",
count, numTriPerVertex);

showGeom(scene); // finally show scene in viewer

}

A lot of things are happening here. Let us point out some cfehie more detail now. The constructor
initializes the base class with the type returnedHxpurface::getClassTypeld . This ensures
that the module can only be attached to data objects of ySurface . The constructor also ini-
tializes the member variabfrtNumTriangles . The range of the slider is set from 1 to 12. The
initial value is set to 6. Finally, a new Open Inventor sef@raodes is created and storedstene .

The destructor contains only one cdélideGeom(scene) . This causes the Open Inventor scene to
be removed from all viewers (provided it is visible). Therseé&self is deleted automatically when the
destructor oMcHandle is called.

The actual computation is performed in tbempute method. The method returns immediately if
no input surface is present. If an input surface exists, thmbers of triangles per point are counted.
For this purpose a dynamic arreiyfCount  is defined. The array provides a counter for each vertex.
Initially it is filled with zeros. The counters are increase loop over the vertices of all triangles.

In the second part of the compute method the Open Inventaesp@ph is created. First, all previous
children ofscene are removed. Then the length of the diagonal of the inpubserfs determined.
The size of the cubes will be set proportional to this lengitbr convenience the pointer to the coor-
dinates of the surface is stored in a local varighleActually the coordinates are of typécVec3f .
However, this class is fully compatible with the Open Inwentector classSbVec3f . Therefore the
pointer to the coordinates can be cast as shown in the code.

After everything has been set up, every element of the dri@gunt is checked in a for-loop. If
the value of an element matches the selected number of lempgr vertex, two new Inventor nodes
of type SoTranslation andSoCube are created, initialized, and inserted isttene . Since the
SoTranslation also affects all subsequent translation nodes we must réeeime position of the
last point inq and subtract this position from the one of the current poiiternatively, we could
have encapsulated tf&oTranslation and theSoCube in an additionalSoSeparator node.
However, this would have resulted in a more complex scenghgrat the very end of the compute
method, the new scene graph is made visible in the viewer byngahowGeom This method
automatically checks if a node has already been visibleréfbee it may be called multiple times with
the same argument.

The module is registered in the usual way in the package resodile, i.e., in
mypackage/share/resource/mypackage.rc . Once you have compiled the demo
package, you may test the module by loading the suniageackage/data/test.surf located
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in the localamira directory.

4.2.2 \Version 2: Adding Color and a Parse Method

In this section we want to add two more features to our modglest, we want to use a colormap
port which allows us to specify the color of the cubes. Secaredwant to add a parse method which
allows us to specify additional Tcl commands for the module.

A colormap port is used to establish a connection to a colprima, to a class of typxColormap .

It is derived fromHxConnection but, in contrast to the base class, it provides a graphical us
interface showing the contents of the colormap and lettieguser change its coordinate range. If no
colormap is connected to the port, a default color is disgdayr he default color can be edited by the
user by double-clicking the color bar.

In order to provide our module with a colormap port, we museim the following line into the mod-
ule’s header file:

HxPortColormap portColormap;

Of course, we must also include the header file of the dtag2ortColormap . This file is located
in packagehxcolor . Note that the order in which ports are displayed on the scdspends on
the order in which the ports are declared in the header fileveldeclareportColormap  before

portNumTriangles , the colormap port will be displayed before the integeresiid

In the compute method of our module we add the following pieteode just after the previous
children of the scene graph have been removed:

SoMaterial * material = new SoMaterial;

material->diffuseColor =
portColormap.getColor(numTriPerVertex);

scene->addChild(material);

With these lines we insert a material node right before a&llttanslation and cube nodes into the sep-
arator. The material node causes the cubes to be displayeckriain color. We call thgetColor
method of the colormap port in order to determine this cdfahe port is not connected to a colormap,
this method simply returns the default color. However, isitonnected, the color is taken from the
colormap. As an argument we specifymTriPerVertex , the number of triangles of the selected
vertices. Depending on the valuemdrtNumTriangles  , the cubes therefore will be displayed in
different colors. Of course, this requires that the rang#hefcolormap extend from something like 1
to 10 or 12.

Besides the colormap port, we also want to add a Tcl commadadage to our module. This is done

by overloading the virtual methgaarse of HxModule . We therefore insert the following line into
the module’s class declaration:
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virtual int parse(Tcl_Interp * t, int argc, char ** argv);

In a parse method special commands can be defined which afidavaontrol the module in a more
sophisticated way. A typical application is to set specaigmeters which should not be represented
by a separate port in the user interface. As an example, weta@novide a method which allows us
to change the size of the cubes. In the initial version of tleelute the cubes were adjusted so that
each side was 0.01 times the length of the diagonal of thedingiox of the input surface. The value
of the scale factor shall now be stored in the member varistdde . In order to set and get this
variable, two Tcl commandsetScale andgetScale shall be provided. The implementation of
the parse method looks as follows:

int
MyDisplayVertices2::parse(Tcl_Interp * t, int argc, char ** argv)

if (argc < 2) return TCL_OK;
char *cmd = argv[l];

if (CMD("setScale")) {
ASSERTARG(3);
scale = atof(argv[2]);
fire(); // ensures that cubes will be updated immediately

}

else if (CMD("getScale")) {
Tcl_VaSetResult(t, "%g", scale);

}

else return HxModule::parse(t,argc,argv);

return TCL_OK;
}

Commands are defined in a sequence of if-else statementsa&locommand, the mac@MDshould

be used. At the end of the if-else sequence the parse mettibd base class should be called. Note
that after a command is issued, the compute method of the lmadil not be called automatically
by default. This is in contrast to interactive changes otgarowever, we may explicitly caflre

in a command like shown above. In this case the size of thescthisn will be adjusted immedi-
ately. You may test the parse method by loading thenfijgackage/data/test.surf , attach-
ing DisplayVertices2 to it, and then typing something likgisplayVertices2 setScale

0.03 into theamira console window.

4.2.3 Version 3: Adding an Update Method

Besides a compute method, modules may also definpdate method This method is called just
before the compute method and also whenever a module igesttlda the update method, the user-
interface of the module can be configured, i.e., ports carhbesis or hidden dynamically if this is
required, the sensitivity of ports can be adjusted, or thalmer of entries of an option menu can be
modified dynamically.
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In order to illustrate how an update method might work, welenment an alternate display mode
in our module. In this mode all vertices of a surface shouldlisplayed, not only the ones with a
certain number of neighboring triangles. In this second ertbe slideportNumTriangles is not
meaningful anymore. We therefore hide it by defining an appate update method. The following
lines are added in the header filyDisplayVertices3.h :

/I Mode: O=selected vertices, 1=all vertices
HxPortRadioBox portMode;

/I Shows or hides required ports.
virtual void update();

The new radio box port lets the user switch between the twaladisnodes. Like the compute method,
the update method takes no arguments and also has no reluen va

If you look into the source code filyDisplayVertices3.cpp you will notice that the radio box
port is initialized in the constructor of the module and ttheet text labels are set properly. The update
method itself is quite simple:

void MyDisplayVertices3::update()

if (portMode.getValue()==0)
portNumTriangles.show();
else portNumTriangles.hide();

The sliderportNumTriangles is shown or hidden depending on the value of the radio box port
Note that before the update method is called, all ports arkeddo be shown. Therefore you must hide
them every timeipdate is called. For example, trehow andhide calls should not be encapsulated
by an if statement which checks if some input port is new.

In order to support the new all-vertices display style, wetgly modify the way the Open Inventor
scene graph is created. Instead of a sirf@pdlaterial node, we insert a new one whenever the
color of a cube needs to be changed, i.e., whenever the nwohbiEmgles of a vertex differs from the
previous one. The new for-loop looks as follows:

int lastNumTriPerVertex = -1;
int allVertices = portMode.getValue();

for (i=0; i<nVertices; i++) {
if (allVertices || triCount[i]==numTriPerVertex) {

if (triCount[i]!'=lastNumTriPerVertex) {
SoMaterial * material = new SoMaterial,
material->diffuseColor =
portColormap.getColor(triCount[i]);
scene->addChild(material);
lastNumTriPerVertex = triCount[i];
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}

SoTranslation  * trans = new SoTranslation;
trans->translation.setValue(pl[i]-q);

SoCube* cube = new SoCube;
cube->width = cube->height = cube->depth = size;

scene->addChild(trans);
scene->addChild(cube);

count++;
a=plil;
}
}
Again, you can test the module by loading the fitgpackage/data/test.surf and attaching
DisplayVertices3 to it. If you connect thehysics.icotolormap to the colormap port, adjust the

colormap range to 1...9, and select the all-vertices dyjsgtide, you should get an image similar to the
one shown in Figurd.l

4.3 A Module With Plot Output

In some cases you may want to show a simple 2D plot iaraita module, for example a histogram
or some bar chart. To facilitate this taafira provides a special-purpoftot APIwhich can be used
in anyamira object, regardless of whether it is a compute module or dadispodule.

The classPzEasyPlot provides the necessary methods to open a plot window anchte idrthat
window. In the following, we illustrate how to use this clasgjain by means of an example. In
particular, we are going to write a module which plots the banof voxels per slice for all materials
defined in a label field. A label field usually represents tiseiite of an image segmentation operation.
For each voxel there is a label indicating which materialibeel belongs to. In a separate section
further features of the Plot ARNill be described.

4.3.1 A Simple Plot Example

In this section we show how to plot some simple curves usiaglhssPzEasyPlot . As mentioned
above, the curves represent the number of voxels per slidhdomaterials of a label field. For this
purpose we define a new module calidgPlotAreaPerSlice

Like the other examples, this module is contained inghera demo package. In order to check out
the demo package, you must create a l@salra directory as described in Secti@®2 In order to
compile the demo package, please refer to SedtibiCompiling and Debugging).

Let us first look at the header fildyPlotAreaPerSlice.h
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Figure 4.1 The demo modul®isplayVertices2lisplays little cubes at the vertices of a surface. The catesolored according
to the number of neighboring triangles.
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M 7 M
I

/I Example of a plot module (header file)

I

M 7 M
#ifndef MY_PLOT_AREA PER_SLICE_H

#define MY_PLOT_AREA PER_SLICE_H

#include <Amira/HxModule.h>

#include <Amira/HxPortButtonList.h>

#include <hxplot/PzEasyPlot.h> // simple plot window
#include <mypackage/mypackageAPl.h>

class MYPACKAGE_API MyPlotAreaPerSlice : public HxModule
HX_HEADER(MyPlotAreaPerSlice);

public:
/I Constructor.
MyPlotAreaPerSlice();

/I Shows the plot window.
HxPortButtonList portAction;

/I Performs the actual computation.
virtual void compute();

protected:
McHandle<PzEasyPlot> plot;

5

#endif

The class declaration is very simple. The module is derivieglcdy from HxModule . It pro-

vides a constructor, a compute method, and a port of typBortButtonList . In fact, we

will only use a single push button in order to let the user pgpthe plot window. The plot
window classPzEasyPlot itself is referenced by a smart pointer, i.e., by a variadi@ype

McHandle<PzEasyPlot> . We have already used smart pointers in Secfidhl, for details see
there.

Now let us take a look at the source fileyPlotAreaPerSlice.cpp

[T M
1

/I Example of a plot module (source code)

1

M M

#include <Amira/HxWorkArea.h>

#include <hxfield/HxLabelLattice3.h>
#include <mypackage/MyPlotAreaPerSlice.h>
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HX_INIT_CLASS(MyPlotAreaPerSlice,HxModule)

MyPlotAreaPerSlice::MyPlotAreaPerSlice() :

void

66

HxModule(HxLabelLattice3::getClassTypeld()),
portAction(this,"action",1)

portAction.setLabel(0,"Show Plot");
plot = new PzEasyPlot("Area per slice");
plot->autoUpdate(0);

MyPlotAreaPerSlice::compute()

HxLabelLattice3 + |attice = (HxLabelLattice3 *)
portData.source(HxLabelLattice3::getClassTypeld());

/I Check if valid input is available.

if (Nlattice) {
plot->hide();
return;

}

/I Return if plot window is invisible and show button
/I wasn't hit
if (Iplot->isVisible() && !portAction.isNew())

return;

theWorkArea->busy(); // activate busy cursor

int i,k,n;

const int * dims = lattice->dims();

unsigned char =+ data = lattice->getLabels();
int nMaterials = lattice->materials()->nBundles();

/I One counter per material and slice
McDArray< McDArray<float> > count(nMaterials);

for (n=0; n<nMaterials; n++) {
count[n].resize(dims[2]);
count[n].fill(0);

}

/Il Count number of voxels per material and slice
for (k=0; k<dims[2]; k++) {
for (i=0; i<dims[1] *dims[0]; i++) {
int label = datalk *dims[0] *dims[1]+i];
if (label<nMaterials)
count[label][K]++;

}

plot->remData(); // remove old curves
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for (n=0; n<nMaterials; n++) // add new curves
plot->putData(lattice->materials()->bundle(n)->name 0,
dims[2], count[n].dataPtr());

plot->update(); // refresh display
plot->show(); // show or raise plot window

theWorkArea->notBusy(); // deactivate busy cursor

In the constructor the base clabModule is initialized with the class type ID of the class
HxLabelLattice3 . This class is not a data class derived freixData but a so-callednterface
Interfaces are used to provide a common API for objects metty related by inheritance. In our case,
MyPlotAreaPerSlice can be connected to any data object providittxaabellLattice3 in-
terface. This might be &IxUniformLabelField3 but also aHxStackedLabelField3 or
something else.

Also in the constructor, a new plot window of typegEasyPlot is created and storedpiot . Then
the methoglot->autoUpdate(0) is called. This means that we must explicitly call tiprlate
method ofPzEasyPlot after the contents of the plot window are changed. Auto-tgdhaould be
disabled when more than one curve is being changed at once.

As usual, the actual work is performed by the compute methost, we retrieve a pointer to the label
lattice. Since we want to use an interface instead of a daézbitself, we must specify the class type
ID of the interface as an argument of theurce method ofportData . Otherwise we would get a
pointer to the object providing the interface, but we car’shire about the type of this object.

The method returns if no label lattice is present or if the plimdow is not visible and the show button
has not been pressed. Otherwise, the contents of the pldbwiare recomputed from scratch. For
this purpose a dynamic array of arrays calbedint is defined. The array provides a counter for each
material and for each slice of the label lattice. Initially@unters are set to zero. Afterwards, they
are incremented while the voxels are traversed in a nestdddp.

The actual initialization of the plot window happens suhssgly. First, old curves are re-
moved by callingplot->remData . Then, for each material, a new curve is added by calling
plot->putData . Afterwards,plot->update is called. If we had not disabled ‘auto update’
in the constructor, the plot window would have been updatedraatically in each call gputData .
TheputData method creates a curve with the given name and sets the viflaezurve of the given
name exists, the old values are overridden. The methochsetupointer to the curve which in turn can
be used to set attributes for the curve individually (seewgl Finally, the plot window is popped up
and the ‘busy’ cursor we have activated before is switchédgdin.

To test the module, first compile the demo package. For ictms, see Sectioth.5 (Compiling

and Debugging). Then load the fiflata/tutorials/lobus.labels.am from theamira root
directory. AttachPlotAreaPerSlice to it and press the show button. You then should get a result
like that shown in Figurd.2
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Figure 4.2 Plot produced by sample modufotAreaPerSlice

4.3.2 Additional Features of the Plot API

The ‘pointer to curve’ objects returned by thetData call can be used to access the curve directly,
i.e., to manipulate its attributes. The most importanttaites of curve objects are:

e Color, represented by a RGB values between 0 and 1. Can bg saliing:
curve->setAttr("color”, r, g, b);

e Line width, represented by an integer number. Can be setlyg:a
curve->setAttr("linewidth"”, linewidth);

e Line type, represented by an integer number. Available types are 0=no line, 1=line,
2=dashed, 3=dash-dotted, and 4=dotted. Can be set bygcallin
curve->setAttr("linetype", type);

e Curve type, represented by an integer number. Availableectypes are O=line curve, 1=his-
togram, 2=marked line, 3=marker. Can be set by calling:
curve->setAttr("curvetype", type);

For each attribute correspondiggtAttr  methods are available.
In order to access the axis of the ‘easy plot’ window, you ncadit

PzAxis * axis = plot->getTheAxis();

Don't forget to include the corresponding header HiBAxis.h
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The color, line width, and line type attributes of the curapply to axes as well. Besides this, there
are some more methods to change the appearance of axes:

/I Set the range of the axes
float xmin = 0.0, xmax = 1.0;
float ymin = 0.0, ymax = 1.0;
axis->setMinMax(xmin, xmax, ymin, ymax);

/I Set the label of an axis
axis->setlLabel(0, "X Axis");
axis->setLabel(1, "Y Axis");

If you are not satisfied with the size of the plot window and ylmn't want to change it using the
mouse every time, just caktSize right after creating the plot window:

plot->setSize(width, height);

As you would expect, the methodetMinMax , getLabel andgetSize are also available with
the same parameter list as the@t counterparts.

Finally, it is also possible to have a legend or a grid in tha.pln this case more arguments must be
specified in the constructor &zEasyPlot

int withLegend = 1;

int withGrid = 0;

plot = new PzEasyPlot("Area per slice",
withLegend, withGrid);

Like the axis, the legend and the grid are internally represk by separate objects of type
PzLegend andPzGrid . You can access these objects by calling the metlgedShelLegend
andgetTheGrid . Details about the member methods of these objects ard listdhe class refer-
ence documentation.
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Chapter 5

Data Classes

This chapter provides an overview of the structureurfira data classes. Important classes are dis-
cussed in more detail. In particular, the following topiddl ive covered:

e an introduction to data classéscluding the hierarchy of data classes
e data on regular grig®.g., 3D images with uniform or stacked coords
tetrahedral gridsncluding data fields defined on such grids
hexahedral gridsncluding data fields defined on such grids

other issues related to data clas$esluding transparent data access

5.1 Introduction

A profound knowledge of theamira data objects is essential to developers. Data objects @scur
input of write routines and almost all modules, and as outpuead routines and compute modules.
In the previous chapters we already encountered severaiga ofamira data objects such as 3D
image data (represented by the cleis®)niformScalarField3 ), triangular surfaces (represented
by the clasHxSurface ), or colormaps (represented by the clébsColormap ). Like modules,
data objects are instances of C++ classes. All data objeetdagived from the common base class
HxData . Data objects are represented by green icorsnira’s Pool.

In the following let us first present an overview of theerarchy of data classeéfterwards, we will
discuss some of thgeneral conceptsehind it.

5.1.1 The Hierarchy of Data Classes

The hierarchy ofimira data classes roughly looks as follows (derived classesdented, auxiliary
base classes are ignored):



HxData base class of all data objects

HxSpreadSheet  spreadsheet containing an arbitrary number of rows and cols
HxColormap base class of colormaps

HxColormap256 colormap consisting of discrete RGBA tuples
HxCameraPath base class of camera paths

HxKeyframeCameraPath ~ camera path based on interpolated keyframes
HxSpatialData data objects embedded in 3D space

HxlvData encapsulates an Open Inventor scene graph

HxField3  base class representing fields in 3D space

HxScalarField3 scalar field (1 component)

HxRegScalarField3 scalar field with regular coordinates
HxUniformScalarField3 scalar field with uniform coordinates
HxUniformLabelField3 material labels with uniform coordinates
HxStackedScalarField3 scalar field with stacked coordinates
HxStackedLabelField3 material labels with stacked coordinates
HxAnnaScalarField3 scalar field defined by an analytic expression
HxTetraScalarField3 scalar field defined on a tetrahedral grid
HxHexaScalarField3 scalar field defined on a hexahedral grid
HxVectorField3 vector field (3 components)

HxRegVectorField3 vector field with regular coordinates
HxUniformVectorField3 vector field with uniform coordinates
HxEdgeElemVectorField3 vector field defined by Whitney elements
HxAnnaVectorField3 vector field defined by an analytic expression
HxTetraVectorField3 vector field defined on a tetrahedral grid
HxHexaVectorField3 vector field defined on a hexahedral grid
HxComplexScalarField3 complex-valued scalar field (2 components)
HxRegComplexScalarField3 complex scalar field with regular coordinates
HxUniformComplexScalarField3 complex scalar field w/ uniform coords
HxTetraComplexScalarField3 complex scalar field defined on a tetra grid
HxHexaComplexScalarField3 complex scalar field defined on a hexa grid
HxComplexVectorField3 complex-valued vector field (6 components)
HxRegComplexVectorField3 complex vector field with regular coordinates
HxUniformComplexVectorField3 complex vector field w/ uniform coords
HxEdgeElemComplexVectorField3 complex vector field w/ Whitney elements
HxTetraComplexVectorField3 complex field defined on a tetrahedral grid
HxHexaComplexVectorField3 complex field defined on a hexahedral grid
HxColorField3 color field consisting of RGBA-tuples

HxRegColorField3 color field with regular coordinates
HxUniformColorField3 color field with uniform coordinates

HxRegField3  other n-component field with regular coordinates
HxTetraField3 other n-component field defined on a tetrahedral grid
HxHexaField3  other n-component field defined on a hexahedral grid
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HxVertexSet  data objects providing a set of discrete vertices

HxSurface  represents a triangular surface

HxTetraGrid represents a tetrahedral grid

HxHexaGrid represents a hexahedral grid

HxLineSet  represents a set of line segments with vertex data

HxLandmarkSet represents one or multiple sets of corresponding landmarks
HxCluster  represents a set of vertices with associated data values
HxSurfaceField base class for fields defined on triangular surfaces
HxSurfaceScalarField scalar field defined on a surface (1 component)
HxSurfaceVectorField vector field defined on a surface (3 components)
HxSurfaceComplexScalarField complex scalar surface field (2 components)
HxSurfaceComplexVectorField complex vector surface field (6 components)
HxSurfaceField other n-component field defined on a surface

Note that you can find an in-depth description of every claghé online reference documentation.
This description has been generated automatically frontdinementedamira header files by a tool
called DOC++. You may view it by pointing an external web bsawsuch as Internet Explorer or
Netscape Navigator to the fihare/doc++/index.html contained in themira root directory.
The reference documentation not only covers data objedtalbalasses provided with themira
developer version. As you already know, these classes immegad in packages. For example, all data
classes derived frofxField3 are located in packadefield , and all classes related to triangular
surfaces are located in packadgesurface

5.1.2 Remarks About the Class Hierarchy

All data classes are derived from the base cldg®ata. This class in turn is derived from
HxObject , the base class of all objects that can be put intoatim&a Pool. The clas$ixData
adds support for reading and writing data objects, and ¥iges the variablparameters  of type
HxParamBundle . This variable can be used to annotate a data object by ammaaybhumber of
nested parameters. The parameters of any data object calitée iateractively using the parameter
editor described in the User’s Guide.

We observe that the majority of data classes are derived HgB8patialData . This is the base
class of all data objects which are embedded in 3D space assegdor example to colormaps.
HxSpatialData  adds support for user-defined affine transformations, tr@nslations, rotations,
and scaling. For details refer to Sect®s®.2 It also provides the virtual methagtBoundingBox
which is redefined by all derived classes. Two importantccblasses oHxSpatialData  are
HxField3 andHxVertexSet

HxVertexSet is the base class of all data objects that are defined on aruansed set of vertices
in 3D space, like surfaces or tetrahedral grids. The classgiges methods to apply a user-defined
affine transformation to all vertices of the object, or mgdife point coordinates in some other way.

HxField3 is the base class of data fields defined on a 3D-domain, likecalRusfields or 3D vector
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fields.HxField3 defines an efficient procedural interface to evaluate the diehn arbitrary 3D point
within the domain, independent of whether the latter is ailagrid, a tetrahedral grid, or something
else. The procedural interface is described in more det&kictions.5.1

Looking at the inheritance hierarchy again, we observedhagh level distinction is made between
fields returning a different number of data values. For eXanadl 3D scalar fields are derived from
a common base clastxScalarField3 , and all 3D vector fields are derived from a common base
classHxVectorField3 . The reason for this structure is that many modules depernti@data
dimensionality of a field only, not on the internal repres¢ion of the data. For example, a module
for visualizing a flow field by means of particle tracing canviagtten to accept any object of type
HxVectorField3  as input. It then automatically operates on all derivedmeioelds, regardless of
the type of grid they are defined on.

On the other hand, it is often useful to treat the number o& datriables of a field as a dynamic
qguantity and to distinguish between the type of grid a fieldlééined on. For example, we may
wish to have a common base class of fields defined on a regudbamgd derived classes for regular
scalar or vector fields. Since this structure and the onekkdtabove are very hard to incorporate
into a common class graph, even if multiple inheritance vuesied, another concept has been chosen
in amira, namelyinterfaces Interfaces were first introduced by the Java programmingudage.
They allow the programmer to take advantage of common ptiegef classes that are not related by
inheritance.

In amira interfaces can be implemented as class members, or aoaddiliase classes. In the first case
a data classontainsan interface class, while in the second case @dsvedfrom HxInterface
Important interface classes akgxLattice3 , HxTetraData , and HxHexaData , which are
members of fields defined on regular, tetrahedral, and helxahgrids, respectively. Another ex-
ample isHxLabellLattice3 , Which is a member ofHxUniformLabelField3 , as well as
HxStackedLabelField3 . In Section4.3.1we have already presented an example of how to use
this interface in order to write a module which operates oy label field, regardless of the actual
coordinate type.

5.2 Data on Regular Grids

Fields defined on a regular grid occur in many different aygtlons. For example, 3D image volumes
fall into this category. The term ‘regular’ means that the@®of the grid are arranged as a regular 3D
array, i.e., every node can be addressed by an index triple.(iA regular field can be characterized
by three major properties: the coordinate type, the numbelata components, and the primitive
component data type (for exameort orfloat ).

In the class hierarchg major distinction is made between the number of data coemterof a field.
For example, there is a clastxRegScalarField3 representing (one-component) scalar fields
defined on a regular grid. This class is derived from the ganmase clas$ixScalarField3

Similar classes exist for (three-component) vector fieldsnplex scalar field, and complex vec-
tor fields defined on regular grids. Fields not falling intoeoof these categories, i.e., fields de-
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fined on regular grids with a different number of data compdsieare represented by the class
HxRegField3 which is directly derived fronHxField3 . Moreover, there are separate subclasses
for the most relevant combinations of the number of data eamapts and the coordinates type, like
HxStackedScalarField3 or HxUniformVectorField3 . All regular data classes provide a
member variabléattice of type HxLattice3 . This variable is annterface It can be used to
access data fields with a different number of componentsrarsparent way.

Below we first discuss théattice interfacan more detail. We then present an overview of all sup-
portedcoordinate typesAfterwards, two more types of data fields defined on reguardinates are
discussed, namelkgabel fieldsandcolor fields

Note that all these fields can be evaluated without regatttg@cttual coordinate type or the primitive
data type by means afmira’s procedural interface for 3D fields (see Sectios.]).

5.2.1 The Lattice Interface

The actual data of any regular 3D field is stored in a memberabkr lattice of type
HxLattice3 . This variable essentially represents a dynamic 3D array@mponent vectors. The
number of vector components as well as the primitive data &p subject to change, i.e., a data object
of typeHxLattice3  can be re-initialized to hold a different number of compdsef different prim-
itive data type. However, a lattice contained in an objetypéHxRegScalarField3  always con-
sists of 1-component vectors, while a lattice containechimlaject of typeHxRegVectorField3

always consists of 3-component vectors. In addition, tleedioates of the field are stored in a separate
coordinate object that is also referenced by the lattice.

Accessing the Data

To learn what kind of methods are provided by the lattices;la¢éease refer to the online reference
documentation or directly inspect the headerIfild_attice3.h located in packagkxfield . At
this point, we just present a short example which shows h@adtmensionality of the lattice, the
number of data components, and the primitive data type caqubded. The primitive data type is
encoded by the clagdcPrimType defined in packageclib . In particular, the following six data
types are supported amira:

e McPrimType::mc _uint8 (8-bit unsigned bytes)

e McPrimType::mc _.intl6 (16-bitsigned shorts)

e McPrimType::mc _uintl6 (16-bit unsigned shorts)
e McPrimType::mc .int32 (32-bit signed integers)
e McPrimType:mc float (32-bitfloats)

e McPrimType::mc _double (64-bit doubles)

Regardless of the actual type of the lattice data valuesptinger to the data array is returned as
void *. The return value must be explicitly cast to a pointer of tberect type. This is illustrated
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in the following example where we compute the maximum valualicdata components of a lattice.
Note that the data values are stored one after another wiéinguypadding. The first index runs fastest.

HxLattice3& lattice = field->lattice;
const int * dims = lattice.dims();
int nDataVar = lattice.nDataVar();

switch (lattice.primType()) {
case McPrimType::mc_uint8: {
unsigned char + data = (unsigned char *) lattice.dataPtr();
unsigned char * max = data0];
for (int k=0; k<dims[2]; k++)
for (int j=0; j<dims[1]; j++)
for (int i=0; i<dims[0]; i++)
for (int n=0; n<nDataVar; n++) {
int idx =
nDataVar *((k *dims[1]+])  *dims[0]+i)+n;
if (data[idx]>max)
max = data[idx];

theMsg->printf("Max value is %d", max);
} break;

case McPrimType::mc_intl6: {
short * data = (short =*) lattice.dataPtr();
short * max = data[0];
for (int k=0; k<dims[2]; k++)
for (int j=0; j<dims[1]; j++)
for (int i=0; i<dims[Q]; i++)
for (int n=0; n<nDataVar; n++) {
int idx =
nDataVar *((k *dims[1]+j)  *dims[0]+i)+n;
if (data[idx]>max)
max = data[idx];

theMsg->printf("Max value is %d", max);
} break;

As a tip, note that the processing of different primitiveadfipes can often be simplified by defining
appropriate template functions locally. In the case of caneple, such a template function may look
like this:

template<class T>
void getmax(T * data, const int * dims, int nDataVar)

{
T+ max = data0];
for (int k=0; k<dims[2]; k++)
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for (int j=0; j<dims[1]; j++)
for (int i=0; i<dims[Q]; i++)
for (int n=0; n<nDataVar; n++) {
int idx =
nDataVar *((k *dims[1]+j)  *dims[0]+i)+n;
if (datafidx]>max)
max = data[idx];

theMsg->printf("Max value is %d", max);

}

Using this template function, the above switch statemesikdas follows:

switch (lattice.primType()) {
case McPrimType::mc_uint8:
getmax((unsigned char +)lattice.dataPtr(),dims,nDataVar);
break;
case McPrimType::mc_int16:
getmax((short  *)lattice.dataPtr(),dims,nDataVar);
break;

}

Though less efficient, another possibility for handlindetiént primitive data types is to use one of the
methodsval , set , getData , orputData . These methods always involve a castitat if the
primitive data type of the field requires it.

Accessing the Lattice Interface

Imagine you want to write a module which operates on any kingegular field, i.e., on objects of
type HxRegScalarField3 , HxRegVectorField3 , and so on. One way to achieve this would
be to configure the input port of the module so that it can beneoted to all possible regular field
input objects. This can be done by calling the metpodData.addType() in the module’s
constructor multiple times with the required class type.IDsaddition, all input types must be listed
in the package resource file. This can be done by specifyingraiseparated list of types as the
argument of theprimary  option of themodule command. In the compute method of the module,
the actual type of the input must be queried, then the inpuit@omust be cast to the required type
before a pointer to the lattice member of the object can bredto

Of course, this approach is very tedious. A much simpler @gqdr is to make use of the fact that the
lattice member of a regular field is an interface. Insteadhefrtame of a real data class, the class type
ID of HxLattice3 may be used to specify to what kind of input object a module breagonnected
to. In fact, if this is done, any data object providing theitat interface will be considered as a valid
input. In order to access the lattice interface of the infhject, the following statement must be
used in the module’s compute method (also check Sedtidri for an example of how to deal with
interfaces):
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HxLattice3 + lattice = (HxLattice3 *)
portData.source(HxLattice3::getClassTypeld());

Creating a Field From an Existing Lattice

When working with lattices, we may want to deposit a new datiin the Pool, for example as the
result of a compute module. However, sindglLattice3  is not anamira data class, this is not
possible. Instead we must create a suitable field objecthwiie lattice is a member of. For this
purpose the claddxLattice3  provides a static methotcteate which creates a regular field and
puts an existing lattice into it. If the lattice contains atega component, a scalar field will be created;
if it contains three components, a vector field will be crdatnd so on. The resulting field may then
be used as the result of a compute module. Note that thedlaticst not be deleted once it has been
put into a field object. The concept is illustrated by thedaling example:

HxLattice3 =+ lattice = new HxLattice3(dims, nDataVar,
primType, otherlLattice->coords()->duplicate());

HxField3 =* field = HxLattice3::create(lattice);
theObjectPool->addObiject(field);

5.2.2 Regular Coordinate Types

Currently four different coordinate types are supportedégular fields, namely uniform coordinates,

stacked coordinates, rectilinear coordinates, and éneal coordinates. The coordinate types are
distinguished by way of the enumeration data typeCoordType . The coordinates themselves are

stored in a separate utility class of typgCoord3 which is referenced by the lattice member of a
regular field. For each coordinate type there is a correspgradibclass ofixCoord3 .

As already mentioned in the introduction, for some impdrtases there are special subclasses of a
regular field dedicated to a particular coordinate type. niplas areHxStackedScalarField3

(derived from HxRegScalarField3 ) or HxUniformVectorField3 ) (derived from
HxRegVectorField3 ). If such special classes do not exist, the regular base clasuld be
used instead. In this case the coordinate type must be dhegheamically and the pointer to the
coordinate object has to be down-cast explicitly beforeait e used. This is illustrated in the
following example:

HxCoord3 * coord = field->lattice.coords();
if (coord->coordType() == c_rectilinear) {

HxRectilinearCoord3 * rectcoord =
(HxRectilinearCoord3 *) coord,;
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Uniform Coordinates

Uniform coordinates are the simplest form of regular comaitks. All grid cells are axis-aligned and
of equal size. In order to compute the position of a particglad node, it is sufficient to know the
number of cells in each direction as well as the bounding akeogrid.

Uniform coordinates are represented by the ckiddniformCoord3 . This class provides a method
bbox which returns a pointer to an array of six floats describirgttbunding box of the grid. The six
numbers represent the minimum x-value, the maximum x-yahgeminimum y-value, the maximum
y-value, the minimum z-value, and the maximum z-value int thder. Note that the values refer to
grid nodes, i.e., to the corner of a grid cell or to the centerwoxel. In order to compute the width of
a voxel, you should use code like this:

const int  * dims = uniformcoords->dims();
const float * bbox = uniformcoords->bbox();
float width = (dims[0]>1) ? (bbox[1]-bbox[0])/(dims[0]-1 ):0;

Stacked Coordinates

Stacked coordinates are used to describe a stack of unifbrsli@es with variable slice distance.
They are represented by the cl&ébsStackedCoord3 . This class provides a methbboxXY which
returns a pointer to an array of four floats describing theniing box of a 2D slice. In addition, the
methodcoordZ returns a pointer to an array containing the z-coordinatsch 2D slice.

Rectilinear Coordinates

Same as for uniform or stacked coordinates, in the case tfimear coordinates the grid cells are
aligned to the axes, but the grid spacing may vary from cetielb in each direction. Rectilinear

coordinates are represented by the clasRectilinearCoord3 . This class provides three meth-
ods,coordX , coordY , andcoordZ , returning pointers to the arrays of x-, y-, and z-coordisat

respectively.

Curvilinear Coordinates

In the case of curvilinear coordinates, the position of ea@hnode is stored explicitly as a 3D vector
of floats. A single grid cell need not to be axis-aligned anggnén example of a 2D curvilinear grid
is shown in Figuré. 1

Curvilinear coordinates are represented by the dtb&SurvilinearCoord3 . This class provides
a methogos which can be used to query the position of a grid node inditlyean index triple (i,j,K).
Alternatively, a pointer to the coordinate values may beaiwied by calling the methotbords . The
coordinate vectors are stored one after another withoutipga@nd with index i running fastest. Here
is an example:
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Figure 5.1 Example of a 2D grid with curvilinear coordinates.

const int  * dims = curvilinearcoords->dims();
const float * coords = curvilinearcoords->coords();

/I Position of grid node (i,j,k)

float x = coords[3 *((k »dims[1]+))  *dims[0]+i)];
float y = coords[3 *((k *dims[1]+))  *dims[0]+i)+1];
float z = coords[3 *((k »dims[1]+))  *dims[0]+i)+2];

5.2.3 Label Fields and the Label Lattice Interface

Label fields are used to store the results of an image segtientprocess. Essentially, at
each voxel a number is stored indicating which material tbgel’ belongs to. Consequently,
label fields can be considered scalar fields. In fact, cuyrethiere are two different types
of label fields, one for uniform coordinates (representedctass HxUniformLabelField3

derived from HxUniformScalarField3 ) and one for stacked coordinates (represented by
class HxStackedLabelField3 derived from classHxStackedScalarField3 ). Since
the two types are not derived from a common base class, aa$perpose interface called
HxLabelLattice3 is provided. In fact, this interface is in turn derived frafxLattice3 . It
replaces the standard lattice variable of ordinary redights (see Sectioh.2.]).

The primitive data type of a label field is alwaykPrimType::mc _uint8 , i.e., bytes. In addition
to the standard lattice interface, the label lattice irstesf also provides access to the label field’s
materials. Materials are stored in a special parametelidbary of the underlying data object. While
discussing the plot API, we already encountered an exanfiplevoto interpret the materials of a label
field (see Sectiod.3.]). Note that whenever a new label is introduced, a new entoylshalso be
put into the material list. Existing materials are markedfsat they can not be removed from the
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material list (this would corrupt the labeling). In orderremove obsolete materials, call the method
removeEmptyMaterials of HxLabelLattice3

In addition to the labels, special weights can be stored mballlattice. These weights are used to
achieve sub-voxel accuracy when reconstructing 3D susfaioen the segmentation results. A pointer
to the weights can be obtained by calliggtWeights or getWeights2  of the label lattice. For
more details aboutixLabelLattice3 , please refer to the online class documentation.

5.2.4 Color Fields

Color fields are yet another type of regular fields. They cinsi 4-component RGBA-byte-tuples
and are represented by the clébdRegColorField3  derived fromHxColorField3 . The latter
class is closely related tdxScalarField3 ~ or HxVectorField3 , see the overview on data class
inheritance presented in Sectiérl.1 For color fields with uniform coordinates there is a special
subclas#HxUniformColorField3 . Like any other regular fields, color fields provide a member
lattice  which can be used to access the data in a transparent way.

5.3 Unstructured Tetrahedral Data

Another important type of data refers to fields defined onruettired tetrahedral grids. Such grids

are often used in finite element simulations (FEM)amira, tetrahedral grids and data fields defined
on such grids are implemented by two different classes arggof classes and are also distinguished
in the user interface by different icons. The reason is thatdparating grid and data there is no need
for replicating the grid in case many fields are defined on #meesgrid, a case that occurs frequently
in practice.

In the following two sections, we introduce tigeid classHxTetraGrid  before discussing the cor-
respondindield classesand the interfacéixTetraData

5.3.1 Tetrahedral Grids

Tetrahedral grids inamira are implemented by the clagdxTetraGrid and its base class
TetraGrid . Looking at the reference documentationdtraGrid  we observe that a tetra-
hedral grid essentially consists of a number of dynamicyarsuch aspoints , tetras , or
materiallds

e Thepoints array is a list of all 3D points contained in the grid. A singlgint is stored as an
element of typécVec3f . This class has the same layout as the Open Inventorstagsc3f .
Thus, a pointer tdlcVec3f can be cast to a pointer 8bVec3f and vice versa.

e Thetetras array describes the actual tetrahedra. For each tetraiéurdandices of the four
points and the indices of the four triangles it consists efsiored. The numbering of the points
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Figure 5.2 Numbering of points in a tetrahedron with positive volurtedt]. Numbering of the corresponding triangles (right).

and triangles is shown in Figuge2. In particular, the fourth pointis located above of thertgke
defined by the first three points. Triangle numbisrlocated opposite to point numher

e Themateriallds array contains 8-bit labels that assign a 'material’ id@ntio every tetra-
hedron. For example, this is used in tetrahedral grids gée@from segmented image data to
distinguish between different image segments correspgrtdi different material components
of physical objects represented by the (3D) image data nikiee case of label fields or surfaces,
the set of possible material values is stored in the pararigtef the grid data object.

The three arrayspoints , tetras , andmateriallds , must be provided by the 'user’. The
triangles of the grid are stored in an additional array cliengles . This array can be constructed
automatically by calling the member methotkateTriangles2 . This method computes the

triangles from scratch and sets the triangle indices ot#alhhedra defined itetras

Thetriangles array also provides a way for accessing neighboring teth@eAmong other in-
formation (see reference documentation) stored for eaahglie, the indices of the two tetrahedra it
belongs to are available. In the case of boundary triangies,of these indices is -1. Therefore, in
order to get the index of a neighboring tetrahedron you carthesfollowing code:

/I Find tetra adjacent to tetra n at face O:
int triangle = grid->tetras[n].triangles[0];
otherTetra = grid->triangles|triangle].tetras[0];
if (otherTetra == n)

otherTetra = grid->triangles[triangle].tetras[1];
if (otherTetra == -1) {

/I No neighboring tetra, boundary face

}

Note that it is possible to define a grid with duplicated a3, i.e. with vertices having exactly the
same coordinates. This is useful to represent discontsdata fields. The methadeateTriangles2
checks for such duplicated nodes and correctly createsgéediriangle between two geometrically
adjacent tetrahedra, even if these tetrahedra refer tacdgd points.
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Optionally the edges of a grid can be computed in additiotstpaints triangles, and tetrahedra by call-
ing createEdgesThe edges are stored in an array caeldes and another arragdgesPerTetra
is used in order to store the indices of the six edges of ahteth@n.

Moreover, the clas$etraGrid  provides additional optional arrays, for example to stodgm@amic
list of the indices of all tetrahedra adjacent to a particptznt (tetrasPerPoint ). This and other
information is primarily used for internal purposes, fomexle to facilitate editing and smoothing of
tetrahedral grids.

5.3.2 Data Defined on Tetrahedral Grids

In most applications, you will not only have to deal with a g tetrahedral grid, but
also with data fields defined on it, for example scalar fieldsy.(¢eemperature) or vector
fields (e.g. flow velocity). amira provides special classes for these data modalities, namely
HxTetraScalarField3 , HxTetraVectorField3 , HxTetraComplexScalarField3 ,
HxTetraComplexVectorField3 ,andHxTetraField3  (see class hierarchy in Sectiéri.J).

Like in the case of regular data fields, the actual infornmaisostored in a special member variable
calleddata, which is of typeHxTetraData . Like the corresponding member typixLattice3

for regular dataHxTetraData is aninterface |, i.e., derived fronHxInterface . It provides
transparent access to data fields defined on tetrahedralrggerdless of the actual number of data
components of the field. In order to access that interfackowuitknowing the actual type of input
object within a module, you may use the following statement:

HxTetraData * data = (HxTetraData  *)
portData.source(HxTetraData::getClassTypeld());
if (data) return;

Data on tetrahedral grids must always be of tyjoat . The data values may be stored in three
different ways, indicated by the encoding type as defingdxmetraData

e PERTETRA One data vector is stored for each tetrahedron. The dassavened to be constant
inside the tetrahedron.

¢ PERVERTEX One data vector is stored for each vertex of the grid. The deg interpolated
linearly inside a tetrahedron.

e PERTETRAVERTEXFour separate data vectors are stored for each tetrahélinerdata are
also interpolated linearly.

This last encoding scheme is useful for modeling discowltirsufields. In order to evaluate a field
at an arbitrary location in a transparent wayira’s procedural data interface should be used. This
interface is described in Sectié&nb.1

Like HxLattice3 |, the clasHxTetraData provides a static methacteate which can be used
to create a matching data field, e.g., an object of tyg&etraScalarField3 , from an existing
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instance oHxTetraData . TheHxTetraData object will not be copied but will be directly put
into the field object. Therefore it may not be deleted aftedsaAlso see Sectioh.2.1

5.4 Unstructured Hexahedral Data

In an unstructured hexahedral grid the grid cells are defaxgticitly by specifying all the points in
the cell. This is in contrast to regular hexahedral gridsnetiee grid cells are arranged in a regular
3D array and thus are defined implicitly. The implementatémexahedral grids is very similar to
tetrahedral grids as described in the previous sectionreldme separate classes for the grid itself and
for data fields defined on a hexahedral grid.

In the following two sections we introduce tlgeid classHxHexaGrid before discussing the corre-
spondingfield classeand the interfacélxHexaData .

5.4.1 Hexahedral Grids

Hexahedral grids imamira are implemented by the claslxHexaGrid and its base clagsexaGrid .
Looking at the reference documentationH#xaGrid we observe that a hexahedral grid essentially
consists of a number of dynamic arrays sucpeaists , hexas , or materiallds

e Thepoints array is a list of all 3D points contained in the grid. A singlgint is stored as an
element of typéMcVec3f . This class has the same layout as the Open Inventor8tagsc3f .
Thus, a pointer tdicVec3f can be cast to a pointer 8Vec3f and vice versa.

e Thehexas array describes the actual hexahedra. For each hexahédrordices of the eight
points and the indices of the six faces it consists of areedtof he numbering of the points is
shown in Figurés.3. Degenerate cells such as prisms or tetrahedra may be défirabosing
the same index for neighboring points.

e Themateriallds array contains 8-bit labels, which assign a material idientio every hex-
ahedron. Like the case of label fields or surfaces, the seigsfiple material identifiers is stored
in the parameter list of the grid data object.

The three arrayqoints , hexas , andmateriallds , must be provided by the 'user’. The faces
of the grid are stored in an additional array calfades . This array can be constructed automatically
by calling the member methatteateFaces . This method computes the faces from scratch and
sets the face indices of all hexahedra definelogras .

Note that, in contrast to tetrahedral grids, in a hexahegtidldegenerate cells are allowed, i.e., cells
where neighboring corners in a cell coincide. In this waylgfvith mixed cell types can be defined.
The faces of a hexahedron are stored in a small dynamic aatkedéaces . For a degenerate cell
this array contains less then six faces.

Also note that, although non-conformal grids are alloweel, igrids with hanging nodes on edges
and faces, currently the methegeateFacesloes not detect the connectivity between neighboring
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Figure 5.3 Numbering of points in a hexadron with positive volume.

hexahedra sharing less than four points. Thus, faces betsueth cells are considered to be external
cells.

5.4.2 Data Defined on Hexahedral Grids

In most applications, you will not only have to deal with a gien hexahedral grid, but also
with data fields defined on it, for example scalar fields (e.gemgerature) or vector fields
(e.g., flow velocity). amira provides special classes for these data modalities, namely
HxHexaScalarField3 , HxHexaVectorField3 , HxHexaComplexScalarField3 ,
HxHexaComplexVectorField3 , andHxHexaField3 (see class hierarchy in Sectiérl.]).

Like for fields defined on tetrahedral grids, the actual infation is stored in a special member variable
calleddata, which is of typeHxHexaData . HxHexaData is a so-called interface, i.e. derived from
HxInterface . Thedatavariable provides transparent access to data fields defimé@xahedral
grids regardless of the actual number of data componenfiettéras. In order to access the interface
without knowing the actual type of input object within a md&llyou may use the following statement:

HxHexaData * data = (HxHexaData *)
portData.source(HxHexaData::getClassTypeld());
if (data) return;

Data on hexahedral grids must always be of tfjpat . The data values may be stored in three
different ways, indicated by the encoding type defineHxtexaData :

o PERHEXA One data vector is stored for each hexahedron. The datasumad to be constant
inside the hexahedron.

e PERVERTEX One data vector is stored for each vertex of the grid. The deg interpolated
trilinearly inside a hexahedron.
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e PERHEXAVERTEXEight separate data vectors are stored for each hexahetherdata are
also interpolated trilinearly.

The last encoding scheme is useful for modeling discontisdields. In order to evaluate a field at an
arbitrary location in a transparent waynira’s procedural data interface should be used. This interface
is described in Sectioh.5.1

Like HxLattice3 , the clasHxHexaData provides a static methocteate which can be used
to create a matching data field, e.g., an object of tifpelexaScalarField3 , from an existing
instance oHxHexaData . TheHxHexaData object will not be copied but will be directly put into
the field object. Therefore it may not be deleted afterwatdiso see Sectiob.2.1

5.5 Other Issues Related to Data Classes

In this section the following topics will be covered:

e amira’s procedural interface for evaluating 3D fields
e coordinate systems and transformations of spatial dattshj
e defining parameters and materials in data objects

5.5.1 Procedural Interface for 3D Fields

The internal representation of a data field very much dependshether the field is defined on a
regular, tetrahedral, or hexahedral grid. There are eventgpes such axAnnaScalarField3

or HxAnnaVectorField3 for fields that are defined by an analytical mathematicalesgion. To
allow for writing a module which operates on any scalar fieithaut having to bother about the
particular data representation, a transparent interfaseéded. One could think of a function like

float value = field->evaluate(x,y,z);

For the sake of efficiency, a slightly different interfaceused inamira. Evaluating a field defined
on tetrahedral grid at an arbitrary location usually inesha global search to detect the tetrahedron
which contains that point. The situation is similar for atlgeid types. In most algorithms, however,
the field is typically evaluated at points not far from eacheot e.g., when integrating a field line.
To take advantage of this fact, the concept of an abstracation class has been introduced. A
Location describes a pointin 3D space. Depending on the underlyidglgscation may keep
track of additional information such as the current grid noeimber. TheLocation class provides
two different search strategies, a global one and a locallortlis way performance can be improved
significantly. Here is an example of how to uskacation class:

float pos[3];
float value;
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HxLocation3 * location = field->createLocation();
if (location->set(pos))
field->eval(location, &value);

if (location->move(pos))
field->eval(location, &value);

delete location;

First alocation is created by calling the virtual metltoglateLocation of the field to be evaluated.
The two methoddpcation->set(pos) andlocation->move(pos) , both take an array of
three floats as argument, which describe a point in 3D spabe.sdt method always performs a
global search in order to locate the point. In contrasiye first tries to locate the new point using a
local search strategy starting from the previous positiwu should calimove when the new position
differs only slightly from the previous one. Bo#iet andmove may return O in order to indicate that
the requested point could not be located, i.e., that it ioatained in any grid cell.

In order to locate the field at a particular locatidield->eval( location, &value) is
called. The result is written to the variable pointed to by siecond argument. Internally tegal
method does two things. First it interpolates the field valder example, using the values at the
corners of the cell the current point is contained in. Sebgitdconverts the result to a float value if
the field is represented internally by a different primitiega type.

5.5.2 Transformations of Spatial Data Objects

In amira, all data objects which are embedded in 3D space are deriveah the class
HxSpatialData  defined in the subdirectorgernel/Amira (see class hierarchy in Section
5.1.1). On the one hand, this class provides a virtual metgetBoundingBox  which derived
classes should redefine. On the other hand, it allows thetagesnsform the data object using an
arbitrary geometric transformation. The transformati®istored in an Open Invent@oTransform
node. This node is applied automatically to any display nedttached to a transformed data object.

In total there are three different coordinate systems:

e Theworld coordinate systerfis the system the camera of the 3D viewer is defined in.

e The table coordinate systems usually the same as the world coordinate system.
However, it might be different if special modules displayinfor example, the ge-
ometry of a radiotherapy device is used. These modules dhoall the method
HxBase::useWorldCoords with a non-zero argument in their constructor. Later they ma

then call the metho#iixController::setWorldToTableTransform of the global ob-
jecttheController . In this way they can cause all other objects to be transfdrsimaulta-
neously.

e Finally, thelocal coordinatesystem is defined by the transformation node stored for tdfEc
type HxSpatialData . This transformation can be modified interactively using tfansfor-
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mation editor. Transformations can be shared betweenplauliata objects using the method
HxBase::setControllingData . Typically, all display modules attached to a data ob-
ject will share its transformation matrix, so that the getmegenerated by these modules is
transformed automatically when the data itself is transfea.

The transformation node of a spatial data object may be sedessing theSoTransform =*
HxSpatialData::getTransform() method, which may return a NULL pointer when the data
object is not transformed.

Often it is easier to useixSpatialData::getTransform(SbMatrix& matrix) instead,
which returns the current transformation matrix or the tgmnatrix when there is no transformation.
This matrix is to be applied by multiplying it to a vector frdire right-hand side. It transforms vectors
from the local coordinate system to the table or world cauath system.

If you want to transform table or world coordinates to localoodinates, use
HxSpatialData::getinverseTransform( SbMatrix& matrix) For example,
consider the following code which transforms the lower fedint corner of object A into the local
coordinate system of a second object B:

float bbox[6];

ShVec3f originWorld,originB;

SbMatrix matrixA, inverseMatrixB;

/I Get origin in local coordinates of A
fieldA->getBoundingBox(bbox);

ShVec3f origin(bbox[0],bbox[1],bbox[2]);

/I Transform origin to world coordinates:
fieldA->getTransform(matrixA);
matrixA.multVecMatrix(origin,originWorld);

/I Transform origin from world coords to local coords of B

fieldB->getInverseTransform(inverseMatrixB);
inverseMatrixB.multVecMatrix(originWorld,originB);

Instead of this two-step approach, the two matrices cosll laé combined:

SbMatrix alllnOne = matrixA;
alllnOne.multRight(inverseMatrixB);

alllnOne.multVecMatrix(origin,originB);

Note that the same result is obtained in the following way:

SbMatrix alllnOne = inverseMatrixB;
alllnOne.multLeft(matrixA);

alllnOne.multVecMatrix(origin,originB);
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Since the transformation could contain a translational t,paspecial attention should

be paid when directional vectors are transformed. In thissecathe method
HxSpatialData::getTransformNoTranslation( SbMatrix& m atrix) should
be used.

5.5.3 Parameters and Materials

For every data object an arbitrary number of attributes oaipaters can be defined. The parameters
are stored in a member varialparameters of type HxParamBundle . The header file of the
classHxParamBundle is located in the subdirectolernel/amiramesh

HxParamBundle is derived from the base claséxParamBase. Another class derived from
HxParamBase is HxParameter . This class is used to actually store a parameter value. A pa-
rameter value may be a string or an n-component vector of amjtjve data type supported mmira
(byte, short, int, float, or double). The bundle clébd?aramBundle may hold an arbitrary number

of HxParamBase objects, i.e., parameters or other bundles. In this wayrpeters may be ordered
hierarchically.

Many data objects such as label fields, surfaces, or unstecfinite element grids make use of the
concept of anaterial  list. Material parameters are stored in a special sub-leuofithe object’s
parameter bundle calledaterials In order to access all material parameters of such an qlfext
following code may be used:

HxParamBundle * materials = field->parameters.materials();
int nMaterials = materials->nBundles();

for (int i=0; i<nMaterials; i++) {
HxParamBundle * material = materials->bundle(i);
const char * name = material->name();
theMsg->printf("Material[%d] = %s\n", name);

The classHxParamBundle provides several methods for looking up parameter valudsthAse
find-methods return 0 if the requested parameter could not bedfdtor example, in order to retrieve
the value of a one-component floating point parameter cdltadsparencythe following code may
be used:

float transparency = O;
if ('material->findReal("Transparency" transparency)
theMsg->printf("Transparency not defined, using default ");

In order to add a new parameter or to overwrite the value okestieg one, you may use one of several
differentsetmethods, for example:

material->set("Transparency",transparency);
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Many modules check whether a color is associated to a phatiguaterial’ in the material list of a
data object. If this is not the case, the color or some othkrevis looked up in the global mate-
rial databasemira provides. This database is represented by the ¢ladsatDatabase defined

in kernel/Amira . It can be accessed via the global pointezDatabase . Like an ordinary
data object, the database has a member varaii@meters  of type HxParamBundle in order

to store parameters and materials. In addition, it provedese convenience methods, for example
getColor(const char * name), which returns the color of a material, defining a new onesf th
material is not yet contained in the database.
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Chapter 6

Documentation of Modules in
Developer Pack

Developer Pack allows the user to write the documentation for his own maoslaled integrate it into
the user’s guide. For this, in the package directory a sebtiiry namedioc must be created, e.g.,

AMIRA ROOT/src/mypackage/doc

The documentation must be written amira’s native documentation style. The syntax is bor-
rowed from thelLatextext processing language. Documentation files can easilgréeted by the
createDocFile command. To create a documentation templaté/fgiiodule , type

MyModule createDocFile

in theamira console. This will generate a template for the documentdtie as well as snapshots of
all ports. Copy these files to

AMIRA ROOT/src/mypackage/doc

The file MyModule.doc already provides the skeleton for the module descriptiahiacludes the
port snapshots.

The commandreatePortSnaps only creates the snapshots of the module ports. This is lusefu
when the ports have changed and their snapshots must beedpd&he user’s guide.

6.1 The documentation file

Here, the basic elements of a documentation file are presente



\begin{hxmodule}{MyModule}
This command indicates the begin of a description file. MyMo dule
is the module name.

\begin{hxdescription}
This block contains a general module description.

All beginning blocks must have an end.
\end{hxdescription}

\begin{hxconnections}

\hxlabe{MyModule_data}

This command sets a label such that this
connection can be referenced in the documentation.
\hxport{Data}{\tt [required]}\

Here the required master connection is described.
\end{hxconnections}

\begin{hxports}

The module ports are listed here.

\end{hxports}

Anywhere in the documentation a label can be referenced:
\link{MyModule_data}{Text for reference}

\end{hxmodule}

This file describes the documentation of a module and stattis w
\begin{hxmodule}{name}

This is ahxmodule description. Others are also available:

\begin{hxmodule2{name}{short description to appear in t he table of modules}
\begin{fileformati{name}

\begin{fileformats2{name}{short description to appear in the table of file formats}
\begin{datal{name}

\begin{data2}{name}short description to appear in the ta ble of data types}

The file always must be closed by the corresponéing command.
More commandsOther formats allow to format and structure the documeonati
e \begin{itemize}
\item This is an enumeration,
and each item starts with the key word item
\end{itemize}
e {\bf This will be set in bold face}
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e {\it This will be set in italics}
e {\tt This will be set in Courier}

Formulas can be included by means of the text procdss®eX They must be written in theatex
syntax. This requires thataTeXand Ghostscriptbe installed on the user’s system. The following
environment variables need to be set:

e DOC2HTMILATEXpoints to theLaTeXexecutable
e DOC2HTMIDVIPS points to the dvito PostScript convertat\(ipg
e DOC2HTMIGSpoints toGhostscript

6.2 Generating the documentation

All documentation files must be converted to HTML files andiedgnto the user’s guide. For this
purpose, the programoc2htm| is provided. Run this program from a command shell with the
following option:

doc2html -a

This converts the documentation and copies the HTML filesh® appropriate places in the
AMIRA ROOT/share/doc/usersguide directory. Calldoc2html without option to geta com-
plete list of options.
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Chapter 7

Miscellaneous

This chapter covers a number of additional issues of intésetheamira developer. In particular, the
following topics are included:

e Import of time-dependent datiacluding the use offixPortTime

e Important global objectsuch agheMessage andtheWorkArea

e Save-network issugmaking save-network work for custom modules
e Troubleshootingproviding a list of common errors and solutions

7.1 Time-Dependent Data And Animations

This section covers some more advanced topideseloper Pack, namely the handling of dynamic
data sets and the implementation of animated compute tBskare reading the section you should at
least know how to write ordinary IO routines and modules.

7.1.1 Time Series Control Modules

In general, the processing of time-dependent data sethaleeging task in 3D visualization. Usually
not all time steps of a dynamic data series can be loaded atlmtwause of insufficient main memory.
Even if all time steps would fit into memory it is usually not acgl idea to load every time step as
a separate object iamira. This would result in a large number of icons in the Pool. Télecion
between different time steps would become difficult.

A better solution comprise special-purpose control mosluksn example is théime series control
moduledescribed in the user’s guide. This module is created if & th@ries of data objects each
stored in a separate file is imported via thead time series..option of the main window’s file menu.



Instead of loading all time steps together the control mediohds only one time step at once. The
current time step can be adjusted via a time slider. When atingsvstep is selected the data objects
associated with the previous one are replaced.

If you want to support a file format where multiple time steps stored in a common file, you can
write a special time series control module for that formair &ch format a special control module is
needed because seeking for a particular time step insidédelod course is different for each format.
For convenience, you may derive a control module for a nem&bifrom the classixDynamicData-
Control contained in the packadetime This base class provides a time slider and a virtual method
newTimeStep(int k) which is called whenever a new new time step is to be loadedomtrast

to the standard time series control module in most otherobmtodules data objects should be cre-
ated only once. If a new time step is selected existing obgubuld be updated and reused instead of
replacing them by new objects. In this way the burden of diseating and reconnecting down-stream
objects is avoided.

7.1.2 The Class HxPortTime

In principal, an ordinary float slideHxPortFloatSlidej can be used to adjust the time of a time series
control module or of some other time-dependent data objdciwever, in many cases the special-

purpose clasiixPortTimedefined in the packadextimeis more appropriate. This class can be used
like an ordinary float slider but it provides many additiofesdtures. The most prominent one is the

possibility to auto-animate the slider. In additiéixPortTimecan be connected to a global time object
of type HxTime. In this way multiple time-dependent modules can be syndbeal. In order to create

a global time object, chooSémefrom the main window'Createmenu.

Another feature oHxPortTimeis that the class is also an interface, i.e., it is derivethfitxInterface
(compare Sectiob.1.2. In this way it is possible to write modules which can be ceetad to any
object containing an instance bfxPortTime An example is theDisplayTimemodule. In order to
access the time port of a source object the following C++ dyin&ast construct should be used:

HxPortTime * time = dynamic_cast<HxPortTime *>(
portData.source(HxPortTime::getClassTypeid()));

Inthe previous section we discussed how time-dependemtdatd be imported using special-purpose
control modules. Another alternative is to derive a timpatedent data object from an existing static
one. An example of this is the clabf/DynamicColormajgontained in the demo packagel®ével-
oper Pack. Looking at the header filpackages/mypackage/MyDynamicColormap.h in the
local amira directory you notice that this class is essentially an adircolormap with an additional
time port. Here is the class declaration:

class MYPACKAGE_API MyDynamicColormap : public HxColorma p

HX_HEADER(MyDynamicColormap);
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public:
/I Constructor.
MyDynamicColormap();

/I This will be called when an input port changes.
virtual void compute();

/I The time slider
HxPortTime portTime;

/I Implements the colormap
virtual void getRGBA1(float u, float rgba[4]) const;

The implementation of the dynamic colormap is very simpleo tqsee the file
MyDynamicColormap.cpp ). First, in the constructor the time slider is initialized:

portTime.setMinMax(0,1);
portTime.setincrement(0.1);
portTime.setDiscrete(0);
portTime.setRealTimeFactor(0.5 *0.001);

The first line indicates that the slider should go from 0 to the Thcrement set in the next line defines
by what amount the time value should be changed if the backesathe forward button of the slider

is pressed. The next line unsets the discrete flag. If thisiflag, the slider value always would be
an integer multiple of the increment. Finally, the so-adlteal-time factor is set. Setting this factor
to a non-zero value implies that the slider is associatel plitysical time in animation mode. More
precisely, the number of microseconds elapsed since thadasation update is multiplied with the

real-time factor. Then the result is added to the currere tiadue.

In order to see the module in action compile the demo paclsaggamira (use thedebug option if
you compiled in debug mode), and cho@gmamicColormagrom the main window'sCreatemenu.
Attach aDisplayColormapmodule to the colormap and change the value of the colorniapesslider.
Animate the slider. The speed of the animation can be adjlsteesetting the value of the real-time
factor using the Tcl commaridynamicColormap time setRealTimeFactor

7.1.3 Animation Via Time-Out Methods

In some cases you might want certain methods to be calledyiaeintervals without using a time
port. There are several ways to do this. First, you couldlus©ipen Inventor classbTimerSensor

or related classes. Another possibility would be to use thel&¥sQTimer (this requires that you
install the correct version of the Qt library in additionDeveloper Pack on your system). However,
both methods have the disadvantage that the applicatiogeiastuck if too many timer events are
emitted at once. In same cases it could even be impossibtess fhe stop button or some other button
for turning off user-defined animation. For this reasonira provides its own way off registering
time-out methods. The relevant methods are implementetidyglassHxController . Suppose,
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you have written a module with a member method calieeOut . If you want this method to be
called automatically once in a second, you can use the follpatatement:

theController->addTimeOutMethod(
this,(HxTimeOutMethod)timeOut,1000);

In order to stop the animation again, use

theController->removeTimeOutMethod(
this,(HxTimeOutMethod)timeOut);

Instead of using a member method ofamira object class, you can also register an arbitrary static
function using the methodddTimeOutFunction  of classHxController . The corresponding
remove method is callecemoveTimeOutFunction . For more information, see the reference
documentation oHxController

TheDeveloper Pack demo package contains the modiMgAnimateColormap which makes use
of the above time-out mechanism. The source code of the ra@fjdin is quite easy to understand.
After compiling the demo package, you can attach to modulieutine nam®oAnimateo an existing
colormap. The colormap then is modified and copied. Aftesgirgy the animate toggle of the module
the output colormap is shifted automatically at regulagiwdls. Note that in this example tffiee
method of the module is used as time-out metHd. invokes the modulesompute method and
also updates all down-stream objects.

7.2 Important Global Objects

Beside the base classes of modules and data objects, teeserae more classes in thmira kernel
that are important to the developer. Many of these classes éwactly one global instance. A short
summary of these global objects is presented here. Forgigtéease refer to the online reference
documentation by looking at the filshare/programmersguide/index.html in the amira
root directory.

HxMessage:This class corresponds to thmira console window in the lower right part of the screen.
There is only one global instance of this class, which candeessed b\yheMsg All text output
should go to this object. Text can be printed using the femttieMsg->printf("...",... )

which supports common C-styfgintf  syntax.HxMessage also provides statlc methods for pop—
ping up error and warning messages or simple question dialog

HxObjectPool: This class maintains the list of all currently existing datgects and modules. In
the graphical user interface the Pool is represented bygperwarea in the main window containing
the modules’ and data objects’ icons. There is only one glimiséance of this class, which can be
accessed by the pointgreObjectPool

HxWorkArea: This class displays the ports of selected objects in thed?tieg Area and provides the
progress bar and busy-state functionality. Importanttions arestartWorking  , stopWorking
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waslInterrupted as well asbusy andnotBusy . There is only one global instance of this class,
which can be accessed by the poirtteeWorkArea

HxFileDialog: This class represents the file browser used for loading andgdata. Normally the
developer does not need to use this class since the stafi@artechanism is completely implemented
in theamira kernel. However, for special purpose modules, a separatériiwser might be useful.
There is a global instance of this class, which can be acddssthe pointetheFileDialog

HxResource: This class maintains the list of all registered file formatd anodules as defined in the
package resource files. It also provides information aboeiainira root directory, the locahmira
directory, the version number, and so on. Normally thereiaeed for the developer to use this class
directly. There is no instance of this class, since all itsnbers are static.

HxViewer: This class represents @mira 3D viewer. There can be multiple instances which are
accessed via the methogtwer of the global objectheController . Normally you will not not
need to use this class. Instead, you should use the memhaioiumshowGeomand hideGeom
which every module and data object provides in order to disgeometry.

HxController: This class controls all 3D viewers and Open Inventor gegynétr order to access a
viewer you may use the following statement:

HxViewer * vO = theController->viewer(0,0);

The first argument indicates the ID number of the viewer todigaved. In total there may be up to
16 different viewers. The second argument specifies whélieeriewer should be created or not if it
does not already exist.

HxColorEditor: amira’s color editor. Used, for example, to define the backgrouatbrcof
the viewer. In a standard module you should use a port suchidortColorList or
HxPortColorMap instead of directly accessing the color editor. There isodajlinstance of this
class, which can be accessed by the poitite€olorEditor

HxHTML: A window used to display HTML files. This class is used &mira’s online help. The
global instance used for displaying the online user’s gaide the online programmer’s guide can be
accessed by the pointdreBrowser

HxMatDatabase: This class represendsnira’s global parameter and material database. For example,
the database contains default colors for a number of biaraétissue types such as fat, muscle, and
bone. The database can be accessed by the global pihielatabase . Details about the material
database are discussed in Sectdn3

7.3 Save-Network Issues
This section describes the mechanism useshiira to save networks. For most modules this is done

transparently for the developer.
The menu command “Save Network” dumps a Tcl script that shmedonstruct the current network.
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Figure 7.1 When loading this network, thieesamplenodule recreates tHebus.Resampledata object on the fly.

Essentially this is done by writing lmad ... command for each data objectceeate ...
command for each module asdtValue ... commands for each port of a module.

This suffices to reconstruct the network correctly if allamhation about a module’s state is kept in
the module’s ports only. If this is not the case, e.g., if teealoper uses extra member variables that
are important for the modules current state, those valieratrrestored automatically. If you cannot
avoid this, you must extend the ‘Save Network’ functiornadityour module. In order to do so, you can
override the virtual functiosavePorts  so that it writes additional Tcl commands. For example, let
us take a look at thelxArbitraryCut class, which is the base class e.g., for@tdiqueSlice

module and which has to save its current slice orientation:

void HxArbitraryCut::savePorts(FILE * fp)
HxModule::savePorts(fp);

fprintf(fp, "%s setPlane %g %g %g %g %g %g %g %g %g\n",
getName(),
origin()[0], origin()[1], origin()[2],
uVec()[0], uVec()[1], uVec()[2],
wWec()[0], vVec()[1], vVec()[2]);
}

Note that this method requires thdkxArbitraryCut or some of its parent classes implement the
Tcl commandsetPlane . Hints about implementing new Tcl commands are given iniSedt2.2

Some remarks about how to generate the load command for bigtet®are given in Sectid® 2

There is a special optimization for data objects createddmyputational modulesamira automati-
cally determines whether data objects which are createdhi®r smodules are not yet saved and asks
the user to do so if necessary. However, in some cases, tlyisotde desired, since saving the data
object consumes disk space and regenerating can sometenmesably as fast as loading the object
from disk. As an example, consider the network in figdrg In this case the resample module can
automatically recompute tHebus.Resampled  data object when the network is loaded. In order
to determine whether a compute module is able to do so, thell@atlst implement the functiant
HxResample::canCreateData(HxData * data, McString& createCmd) . This func-
tion is called whenever a network containing newly creatathabjects is saved and these objects
have not yet been saved but are still connected to a compulalmoThe method should return 1 if
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the compute module is able to recreate that particular dgtco In this case the corresponding Tcl
command should be stored in the streargateCmd . When executed, the Tcl command should return
the name of the newly created data object.

Determining whether a compute module can create a datatabggcbe tricky. Typically, it must be
assured that in the time between the actual creation of tteealgect by the computational module
and the execution of the save network command neither ttarpers nor the input has changed, and
that the resulting data object had not been edited.

In order to implement this behavior, most compute modulesauiag that they set when they create
a data object and which they clear when the modulpdate() method is called, indicating that
some input has changed. In order to check whether the datéztobps edited, the data object’s
touchTime variable is savedouchTime is increased automatically whenever a module is edited.
A typical method could look like this:

int HxResample::canCreateData(HxData * data, McString& createCmd)

if (resultTouchTime != data->getTouchTime() ||
parameterChanged)
return O;

createCmd.printf("%s action hit; %s fire; %s getResult\n"
getName(), getName(), getName());
return 1;

7.4 Troubleshooting

This section describes some frequently occurring problantssome general problem solving ap-
proaches related @mira development.

The section is divided into two parts: Problems which mayuoecten compiling a new package, and
problems which may occur when executing it.

7.4.1 Compile-Time Problems

Unknown identifier, strange errors: A very common problem occurring in C++ programming is the
omission of necessary include statementsariiira, most classes have their own header file (.h file)
containing the class declaration. You must include thesctiesclaration for each class that you are
using in your code. When you get strange error messagesdbatqynot understand, check whether
all classes used in the neighborhood of the line the compilerplains about have their corresponding
include statement.

Unresolved symbols:If the linker complains about unresolved symbols, you pbipare missing a
library on your link line. Theamira development wizard makes sure that #meira kernel library and
important system libraries are linked. If you are usamgira data classes, you will need to link with
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the corresponding package librémyfield , hxcolor , hxsurface , and so on. To add libraries

to your link line on Unix, edit theGNUmakefile , find the line starting witl.IBS += ... , and
appendl<name> , where<name> is the name of the package you want to add. On Windows, use
Visual Studio’s project settings dialog. Details are giuesectionl.5.

7.4.2 Run-Time Problems

The module does not show up in the popup menulf your module did compile, but is not visible
in the popup menu of a corresponding data object, there Isgbiy a problem with the resource file.
The resource file will be copied from your packagesre/resources directory to the directory
share/resources in your localamira directory. Verify that this worked Note: Currently on
Windows, the resource files are copied in a post link step.réfbee, if you change the resource file
after linking, you must build the package again, e.g., byngirag one of the source files.

If the resource file is present, the next step is to check vangthis really parsed. Add a line
echo "hello mypackage" to the resource file. Verify that the message appears irarthiea
console wheramira starts. If not, probably the environment variable AMIR®CAL is not set
correctly.

If the file is parsed, but the module still does not show upsireax of the rc file entry might be wrong
or you specified a wrong primary data type, so that the modill@eppear in the menu of a different
data class.

There is an entry in the pop-up menu, but the module is not creted: Probably something is wrong
with the shared library (the .so or .dll file). In tlaenira console, typelso verbose 1 andtryto
create the module again. You will see some error messaghsaiimg that either the dll is not found,
or that it cannot be loaded (and why) or that some symbol isimis Check whether your building
mode (debug/optimize) and execution mode are the same.rticyar, if you have compiled debug
code you must staemira using the-debug command line option (see Sectirb).

A read or write routine does not work: The procedure for such problems is the same. First check
whether the load function is registered. Then verify thatrysave-file format shows up in the file
format list when saving the corresponding data object. Hoad method, right click on a filename in
the load-file dialog. Choose format and check whether youm#&b appears in the list. If that is the
case, you probably have a dll problem. Follow the steps ablifvbe library can be loaded, but the
symbol cannot be found, your method may have either a wrargasiire (wrong argument types) or
on Windows you might have forgotten tkd®ACKAGE>_APImacro. This macro indicates that the
routine should be exported by the DLL.

In general, if you have problems withunresolved and/or missing symbols
you should take a look at the symbols in your library. On Unitype nm
lib/arch- * -Debug/libmypackage.so . On Windows, type in a command shetlumpbin
/exports bin/arch-Win32VC7-Debug/mypackage.dll
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7.4.3 Debugging Problems

Setting breakpoints does not work: Sinceamira uses shared libraries, the code of an individual
package is not loaded even after the program has startediefdhe some debuggers refuse to set
breakpoints in such packages or disable previously sekpodats. To overcome this problem, first
create your module and then set the breakpoint. If you wadébug a module’s constructor or a read
or write routine, of course, this does not work. In these saead the library by hand, by typing into
theamira consoledso open libmypackage.so (if your package is called mypackage). Then
set the breakpoint and create your module or load your data fil
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