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Chapter 1

| ntroduction

The developer version of amira allows you to add new components such as file read or write routines,
modules for visualizing data or modules for processing data. New 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 limited extent) to change or modify existing
modules or parts of amira’s graphical user interface.

In the following sections we

e present an overview of theamira developer version,

o discuss the system requirementsfor the different platforms,

e outline the structure of theamira fi le treg,

e show how to compile the demo package in a quick start tutorial,
e provide additional hints on compiling and debugging,

e and mention how to upgrade and maintain existing code.

1.1 Overview of theamira Developer Version

The amira developer version is a superset of the ordinary amira binary version. In addition to the files
contained in the binary version, the developer version essentially provides all C++ header files needed
to compile custom extensions.

1.1.1 Packagesand Shared Objects

amira is an object-oriented software system. Besides the core components like the graphical user
interface or the 3D viewers, it contains a large number of data objects, modules, readers and writers.



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

Instead of being compiled into a single static executable, these components are grouped into packages.
A package is a shared object (usually called .so or .sl on Unix or .dll on Windows) which can be
dynamically loaded by amira at run time when needed. This concept has two advantages. On the one
hand, the program remains small since only those packages are loaded which are actually needed by
the user. On the other hand it provides almost unlimited extensibility since new packages can be added
any time without recompiling the main program.

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

1.1.2 Package ResourceFiles

Along with each package a resource file is stored. This file contains information about the components
being defined in a particular package. When amira starts, it first scans the resource files of all available
packages and thus knows about all the components which may be used at run-time.

The resource files of the standard amira packages are located under shar e/ r esour ces in the
directory where amira is installed. Details about registering read and write routines or different kinds
of modules in a resource file are provided in Chapters 3 and 4.

1.1.3 ThelLocal amira Directory

Usually amira will be installed by the system administrator at a location where ordinary users are not
allowed to create or modify files. Therefore it is recommended that every user creates new packages in
his own personal local amira directory. The local amira directory has essentially the same structure
as the directory where amira is installed. A new local amira directory can most easily be created by
using the Development Wizard, a special-purpose dialog box described in detail in Section 2.

Once a local amira directory has been set up, resource files located in it will also be scanned by amira
when started. In this way new components can be added or existing ones redefined.

1.1.4 External Libraries

amira is based on a number of industry standard libraries. The most important ones are Open Inventor,
OpenGL, Qt, and Tcl.

amira’s 3D graphics is based on OpenGL and Open Inventor. OpenGL is the industry standard for
professional 3D graphics. Open Inventor is a C++ library using OpenGL which provides an object-
oriented scene description layer. Writing new visualization modules for amira essentially means cre-
ating an Open Inventor scene from the input data. If you already have code doing this, it will be
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straightforward to turn it into an amira module. While the Open Inventor headers are included in the
amira developer version, OpenGL must already be installed on your system.

Qt is a platform-independent C++ library for building graphical user interfaces (GUIs). amira is built
with Qt. However, the user interface elements used in standard amira modules are encapsulated by
special amira classes called ports. Therefore you can develop your own modules without knowing
Qt and without having Qt installed (Qt headers are not included in the amira developer version). You
only need Qt if you plan to add completely new user interface components such as special purpose
dialogs. Note also, that in this case you need to install the correct version of the Qt header files. amira
4.1 is linked against Qt 3.2.2.

Finally, Tcl is a C library providing an extensible scripting language used by amira. All required
header files are included in the developer version. amira programmers usually need not know details
of the Tcl API but merely derive their code from existing examples.

1.2 System Requirements

In order to develop new amira components as described in this document you need the developer
version of amira (called Developer Pack) as well as a C++ development environment. C++ compil-
ers, however, are generally not compatible, therefore the compilers and compiler versions listed below
should be used. Other compiler versions may work too, but this is not guaranteed. In particular, it is
not possible to use the GNU gcc compiler except on Linux.

On all Unix platforms the GNU make utility (gnake) is needed in order to use the GNUmakefiles
provided with Developer Pack. To proceed you should create a link in a directory already listed in
your path, e.g., in /usr/bin.

In the following text more specific system requirements are listed for each platform. More gen-
eral hardware requirements such as installed memory or special graphics adapters are listed in the
amiraUser’s Guide. On all systems an OpenGL library together with the OpenGL header 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

Use gcc - v to find out the version of the GNU compiler.

1.2.3 MacOSX

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

Use gcc - 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 work. Use CC - Vto find out the version of the
WorkShop compiler.

125 SGI IRIX

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

Use CC - ver si on to find out the version of the MIPSpro compiler.

126 HP-UX

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

Note that the HP standard C++ compiler (CC) will not work. Use aCC - V to find out the version of the
ANSI compiler. Versions earlier than 1.21 may produce errors, especially when compiling optimized
code.

4 Chapter 1: Introduction



1.3 Structure of theamira File Tree

Like the ordinary version the developer version of amira is installed in a single directory called the
amira root directory. This directory contains all the binaries, shared objects, and resource files required
to runamira, as well as all the C++ header files required to compile new components. New components
themselves are stored independently in a local amira directory. Every user may define his/her own
local amira directory. The local amira directory has a structure very similar to the amira root directory.
In the following two sections the structure of these two directories is described in more detail.

1.3.1 Theamira Root Directory

The contents of the amira root directory may differ slightly from platform to platform. For example,
on Windows there will be no subdirectory | i b: instead, the compiled shared objects are located under
bi n/ ar ch- W n32VC7- Opt i m ze. The online documentation directory (shar e/ devr ef /) of
amira C++ classes does not exist on Windows : instead, a compressed archive file (ami r a. chm is
provided and is accessible by shortcut. The following list gives a general overview.

Anira-4.1/ amira root directory, actual name may differ
bi n/ start amira start script (Unix)
bi n/ ar ch- Wn32VC7- Opt i m ze/ am r amai n. exe Executable (Windows)
dat a/ contains amira demo data sets
i ncl ude/ contains all required C++ header files
lib/arch-*-Optim ze/ compiled shared objects (Unix)
make/ make environment for Unix systems
shar e/ resour ces/ resource files of all standard packages
shar e/ devr ef / online documentation of amira C++ classes
shar e/ doc/ online version of amira documentation

1.3.2 ThelLocal amira Directory

The local amira directory contains the source code and object files of custom modules, the resource
files of custom packages, and the compiled custom packages themselves. The packages can be com-
piled either in a debug version or in an optimized version. The corresponding object files and compiled
shared objects reside in different subdirectories called ar ch- * - Debug and ar ch-*- Opti mi ze,
respectively. Here the asterisk denotes the particular architecture, e.g., W n32 for Windows systems
or I RI X for SGI Unix platforms.

In order to create a new local amira directory the Development Wizard should be
used.  For details please refer to Section 2.  Subdirectories like AnmiralLocal /lib or
Ami ralLocal / shar e/ resour ces are created automatically the first time a custom package is
compiled. Again, the contents of the local amira directory may differ slightly from platform to plat-
form. For example, on Windows compiled shared objects are located under bi n instead of | i b.

Structure of the amira File Tree 5



Ami raLocal / e.g., located in the user’s home directory
AmiraLocal . sl n Visual Studio workspace file (Windows)
GNUnakefil e global makefile (Unix)
src/ contains source code of custom packages
nmypackage/ source code of one particular package
Package used to generate GNUmakefile and project files
GNUnakefil e Unix makefile (generated automatically)
nmypackage. vcpr 0] Visual Studio project file (generated automatically)
nmypackageAPI . h Windows storage-class specification
MyModul e. h header file of a custom module
MyModul e. cpp implementation of a custom module
MyReader . cpp implementation of a custom read routine
. any number of additional components
shar e/ resour ce/ mypackage. rc package resource file
- any number of additional packages
obj / ar ch- *- Debug/ object files on Unix (debug version)
obj/arch-*-Optim ze/ object files on Unix (optimized)

I'i b/ arch-*-Debug/ compiled shared objects (debug version)
lib/arch-*-Optim ze/ compiled shared objects (optimized)
shar e/ resour ces/ package resource files are copied here

1.4 Quick Start Tutorial

This section contains a short tutorial on how to compile and execute the demo package provided
with Developer Pack. The demo package contains the source code of the example modules and 10
routines described elsewhere in this manual. At this point you should just get a rough idea about the
basic process required to develop your own modules and 10 routines. Details will be discussed in the
following chapters.

For the development of custom amira packages a dedicated directory, the local amira directory, is
required. Initially, this directory should be created using the Development Wizard. Lets see how this
is done:

e Start amira and choose the Development Wizard from the Help menu of the amira main win-
dow.

e Make sure that the item Set local amira directory is selected in the wizard’s dialog window.
e Press the Next button.

You can now enter a directory name for the local amira directory. For example you may choose

Am raLocal in your home directory. The directory must be different from directory where amira
has been installed.
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e Enter the name for the local amira directory.
e Select the button copy demo package.
e Press the OK button.

If the directory did not yet exist, amira asks you if it should be created. The name of the directory is
stored in the Windows registry or in the . Ami r aRegi st ry file in the Unix home directory, so that
the next time amira is started all modules or 10 routines defined in this directory will be available.

The next step is to create the Visual Studio project files for Windows or the GNUmakefiles for Unix.
These files will be generated from a Package file which must be present in each custom package
directory. The syntax of the Package file is described in Chapter 2.10. The demo package already
contains a Package file, so there is no need to create one here.

e Select Create build system on the main page of the Development Wizard.
Press the Next button.

Choose all local packages as target.

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

e Press the OK button.

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

Once the build system has been created you can close the Development Wizard and exit amira. We
are now ready to compile the demo package. This is different for each platform:

Windows Visual Studio C++ .NET 2003

e Start Visual Studio C++ .NET 2003 and load the solution file Ami raLocal . sl n from the
local amira directory. If your local amira directory is not called Ami r aLocal , the solution
file also has some other name.

o Build all local packages in debug mode by pressing F7 or by choosing Build Solution from the
Build menu.

Unix GNUmakefile system

e Change into the local amira directory in a shell.

e Type in gmeke to build all local packages is debug mode. If grrake is not already installed on
your system you can find it in the subdirectory bi n in the amira root directory. Either add this
directory in your path variable or create a link in a directory already listed in your path, e.g.,
[ usr/ bi n.

We are now ready to start amira in order to test the demo package. However, because we have com-
piled the demo package in debug mode, we need to start amira with the command line option - debug.

Quick Start Tutorial 7



Otherwise, amira would not find the correct DLLs or shared libraries. For convenience, on Windows
a link Amira -debug is available in the start menu.

In order to check if the demo package has been successfully compiled and can be loaded by amira,
you can for example choose the entry DynamicColormap from the Create/Data menu of the amira
main window. Then a new colormap object should be created. You can find the source code of this
new object in the local amira directory under sr ¢/ nypackage/ MyDynani cCol or map. 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, you must change the active configuration
in Visual Studio and recompile the code. On Unix, you have to call gnake MAKE_ CFG=QOpti m ze.
You can also define MAKE_CFGas an environment variable.

1.5 Compiling and Debugging

This section provides additional information not covered by the quick start guide on how to compile
and debug custom amira packages. You may skip it the first time you are reading this manual. The
information will not become relevant until you are actually developing your own code.

It has already been mentioned that the development of custom amira packages should take place in
a local amira directory. Initially, such a directory should be created using the Development Wizard
described in Chapter 2. The name of the local amira directory is stored in the Windows registry or in
the file . Ami r aRegi st ry in your Unix home directory. On both Windows and Unix, the name of
the local amira directory can be overridden by defining the environment variable AMIRA_LOCAL.
This might be useful if you want to switch between different local amira directories. However, in
general it is recommended not to set this variable.

For each local package there is a resource file stored in the subdirectory shar e/ r esour ces in the
local amira directory. This file contains information about all modules and 10 routines provided by that
package. A local package can be compiled in debug mode suitable for debugging or in release mode
with compiler optimization turned on. In the first case the DLLs or shared libraries are stored under
bi n/ ar ch-*- Debug on Windows and | i b/ ar ch- *- Debug on Unix. In the second case they
are stored under bi n/ arch-*-Optini zeorlib/arch-*-Optim ze. Here the **’ indicates
the actual architecture name. In the following it will be described how to compile local packages in
both modes on the different platforms and how to debug the code using a debugger.

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

The workspace and project files for Visual Studio .NET 2003 are generated automatically from the
amira Package files by the Development Wizard. There should be no need to change the project
settings manually.
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Figure1.1: Specifying the name of the executable in Visual Studio.

By default, Visual Studio will compile in debug mode. In order to generate optimized code, you need
to change the active configuration. This is done by choosing Configuration Manager... from the Build
menu. In the Active Solution Configuration pulldown menu, select Release.

In order to execute the debug mode version of your local packages, you must start amira with the
command line option - debug. For convenience, a link Amira -debug is provided in the start menu.
However, if you want to debug your code, you need to start amira from Visual Studio. Thus you need
to specify the correct executable in the project properties dialog.

You can bring up the project properties dialog by pressing Alt-F7 or by choosing Properties from
the Project menu. Select Debugging from the left pane. In the field Command, choose the file
bi n/ ar ch- W n32VC7- Opt i mi ze/ am r amai n. exe located in the amira root directory. In
the field Command Arguments, type in - debug (see Figure 1.1).

You can now start amira from Visual Studio by pressing F5 or by choosing Start from the Debug
menu. In order to debug your code you may set breakpoints at arbitrary locations in your code. For
example, if you want to debug a read routine, set a breakpoint at the 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 change into the package directory and
execute gmake in a shell. The grmake utility is provided in the bi n subdirectory of the amira root
directory. Either add this directory to your path or create a link in a directory already listed in your
path, e.g., in/ usr/ bi n.

The required GNUmakefiles will be generated automatically from the amira Package files by the
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Development Wizard. There should be no need to edit the GNUmakefiles manually. Depending on
the contents of the Package file all source files in a package directory will be compiled, or a subset
only. By default all files will be compiled. The Development Wizard will put the name of the amira
root directory into the file GNUnakef i | e. set r oot . You may overwrite the name by defining the
environment variable AM RA_ROOT. For example, this might be useful when working simultaneously
with two different amira versions.

By default gnake will compile debug code. In order to compile optimized code, invoke gnake
MAKE_ CFG=Opt i mi ze. Alternatively, you may set the environment variable MAKE_CFG to
Optim ze.

If you have a multi-processor machine you may compile multiple files at once by invoking gmake
with the option PARALLELFLAGS=- j <n>. Here <n> denotes the number of compile jobs to be run
in parallel. Usually twice the number of processors is a good choice.

If you have compiled debug code, you must invoke amira with the command line option - debug.
Otherwise, the optimized version will be executed. If no such version exists an error occurs. Instead
of specifying - debug at the command line you may also set the environment variable MAKE_CFGto
Debug.

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

e -cvdonIRIX

e - dde on HP-UX

e - wor kshop on SunOS
e - gdb or - ddd on Linux

Note that usually you cannot set a breakpoint in a local package right after starting the debugger.
This is because the package’s shared object file will not be linked to amira until the first mod-
ule or read or write routine defined in the package is invoked. In order to force the shared ob-
ject to be loaded without invoking any module or read or write routine, you may use the command
dso open |ib<nane>. so, where <name> denotes the name of the local package. Once the
shared object has been successfully loaded, breakpoints may be set. It depends on the debugger
whether these breakpoints are still active when the program is started the next time.

1.6 Maintaining Existing Code

This section is directed to programmers who have already developed custom modules using a previous
version of Developer Pack. In particular, we describe

e how to upgrade to Developer Pack 4.1, and
e how to rename an existing package.

10 Chapter 1: Introduction



1.6.1 Upgradingto Developer Pack 4.1

In Developer Pack 4.1 the structure of the local amira directory has been slightly changed. In or-
der to recompile existing packages it is recommended to create a complete copy of the local amira
directory and to adapt this copy as described below. Developer Pack 4.1 and earlier versions store
the path of the local amira directory under different names in the Windows registry or in the Unix
. Am r aRegi st ry file. This means that both versions can be used in parallel. The following changes
are required to adjust an existing local amira directory so that it can be used with Developer Pack
4.1:

e The subdirectory packages must be renamed to src (if upgraded from versions former to 3.1).

o In each package directory a Package file must be created. This file contains the package name,
the name of dependent packages, and optionally an explicit list of all source and header files
belonging to the package. From the Package file a Visual Studio project file or a GNUmakefile
for Unix can be generated automatically (if upgraded from versions former to 3.1).

o Instead of modifying and reusing the old Visual Studio project files or GNUmakefiles these files
should be created from scratch using the amira development wizard.

Modules, data classes and 10 routines developed for Developer Pack 3.1 should compile without
changes with Developer Pack 4.1 (with the possible exception of calls to the C++ standard library,
see below). The API of existing classes has been extended in several cases, but no incompatible
changes have been introduced. For details about the interface of particular classes please refer to the
online reference guide. In addition, the following things have 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 now. In Developer Pack 3.0, the new-
style interface was used only on Windows.

In contrast to the old-style headers the new-style headers do not contain the suffix . h, e.g.,
you need to include i ost r eaminstead of i ost r eam h. In addition, all symbols are defined
inside the st d namespace, i.e., you need to write for example st d: : cout instead of just
cout, unless you specifically write usi ng nanespace st d; inyour code.

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

e Open Inventor and Qt: amira 4.1 uses Open Inventor 6.0 and Qt 3.2.2. As in previous versions
the Open Inventor headers are completely provided with Developer Pack, but the Qt headers
are not. Moreover (if upgraded from versions former to 3.1), instead of the SoWin and SoXt
classes (which are not fully platform independent) in amira now the new SoQt interface is used.
This means that the amira viewer is now derived from SoQ Exani ner Vi ewer instead of
SoW nExani ner Vi ewer or SoXt Exami ner Vi ewer , respectively. However, because we
didn’t want the class Hx Vi ewer to depend on any Qt headers, the actual amira viewer has been
renamed to QxVi ewer , while HxVi ewer now is a pure wrapper class.

Maintaining Existing Code 11



This change should not affect existing code unless platform-dependent 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 existing amira package, for example when using an existing
package as a template for a new custom package. In order to do so the following changes are required:

Rename the package directory:
Am raLocal / src/ ol dname becomes Am r aLocal / src/ newnane

Rename the following files in the package directory:
ol dnaneAPI . h becomes newnameAPI . h
shar e/ r esour ces/ ol dnane. r c becomes shar e/ r esour ces/ newnane. rc

In the package resource file shar e/ r esour ces/ newnane. r ¢ and in the Package file
replace ol dnane by newnane.

In the file newnanmeAPI . h replace OLDNAME_API by NEWNANME_API .

In all header and source files of the package, adjust the include directives if necessary, i.e.,
instead of

#i ncl ude <ol dname/ Sonmed ass. h>

now write #i ncl ude <newnane/ SoneC ass. h>

All replacements can be performed using an arbitrary text editor. After all files have been modified as
necessary a new Visual Studio project file or a new GNUmakefile should be created using the amira
development wizard.

12
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Chapter 2

The Development Wizard

The development wizard is a special tool which helps you to set up a local amira directory tree so that
you can write custom extensions for amira. In addition, the development wizard can be used to create
templates of amira modules or of read or write routines. The details of developing such components
are treated in other chapters. At this point we want to give a short overview about the functionality of
the development wizard.

In particular, we discuss

o how to invoke the development wizard

e how to set or create the local amira directory

e how to add a package to the local amira directory
e how to add components to an existing package

e how to create thefi les for the build system

Finally, a section describing the Package fi e syntax is provided.

2.1 Starting the Development Wizard

In order to invoke the development wizard, first start amira. Then select Development Wizard from the
main window’s Help menu. Note that this menu option will only be available if you are running the
developer version of amira.

The layout of the development wizard is shown in Figure 2.1. Initially, the wizard informs you about
the local amira directory currently being used. If no local amira directory is defined, this is indicated
too. Furthermore, the wizard lets you select between four different 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 the amira development wizard.

setting the local amira directory (or creating a new one)
adding a new packageto the local amira directory
adding a component to an existing package

e creating the fi les for the build system

The first option is always available. A new package can only be added if a valid local amira directory
has been specified. For the local amira directory to be valid, among others, it must contain a subdi-
rectory called sr c. If at least one package exists in the sr ¢ directory of the local amira directory,
a new component, i.e., a module or a read or write routine, can be added to a package. Finally, the
last option allows you to create all files required by the build system, i.e., Visual Studio project files or
GNUmakefiles for Unix platforms.

2.2 Setting Up the Local amira Directory

The local amira directory contains the source code and the binaries of all custom extensions developed
by a user. The name of this directory can be most easily specified using the development wizard (see
Figure 2.2). Since potentially every user can write his/her own extensions for amira it is usually
recommended that the local amira directory is created in the user’s home directory.

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

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

14 Chapter 2: The Development Wizard
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Figure 2.2: Setting the local amira directory.

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

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

Once you have set up the local amira directory, the name of the directory is stored permanently, so
the next time amira is started the .rc-files located in the subdirectory shar e/ r esour ces of the
local amira directory can be read. In this way custom components are made known to amira. On
Windows the name of the local amira directory is stored in the Windows registry. On Unix systems it
is stored in the file . Ami r aRegi st ry in the user’s home directory. In both cases, these setting can
be overridden by defining the environment variable AM RA_LOCAL.

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

2.3 Adding a New Package

All amira components are organized in packages. Each package will be compiled into a separate
shared object (or DLL file on Windows). Therefore, before any components can be defined at least
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Figure 2.3: Adding a new package to the local amira directory.

one package must be created in the local amira directory. In order to do so, choose add package to
local amira directory on the first page of the wizard and press Next. On the next page you can enter
the name of the new package (see Figure 2.3).

The name of a package must not contain any white spaces or punctuation characters. When a package
is added, a subdirectory of the same name is created under sr ¢ in the local amira directory. In this
directory the source code and header files of all the modules and 10 routines of the package are stored.
In addition in each package directory there must be a Package file from which the build system files
can be generated.

Initially, a default Package file will be copied into a new package directory. This default file adds the
most common amira libraries for linking. It also selects all C++ source files in the package directory
to be compiled. In order to generate the build system from the Package file, please refer to Section 2.9.

In addition to the Package file also the files ver si on. cpp and packageAPI . h will be copied into
a new package directory. The first file allows you to put version information into your package, which
can later be viewed in the amira system information dialog. The second file contains a macro required
for putting symbols in a DLL on Windows. Finally, also an empty file package. r ¢ will be copied
into shar e/ r esour ces. In this file later modules and 10 routines will be registered.

2.4 Adding a New Component

If you choose the add component option on the first page of the development wizard, you will be asked
what kind of component should be added to which package. Remember that the add component option
will only be available if a valid local amira directory with at least one existing package is found. In
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Figure 2.4: Adding a new component to an existing package.

particular, templates

e of an ordinary module,
e of a compute module,
e of a read routine,

e or of a write routine

may be created (see Figure 2.4). The option menu in the lower part of the dialog box lets you specify
the package to which the component should be added. After you press the Next button, you will be
asked to enter more specific information about the particular component you want to add. Up to this
point no real operation has been performed, i.e., no files have been created or modified.

2.5 Adding an Ordinary Module

An ordinary module in amira usually directly visualizes the data object it is attached to. For example,
the Isosurface module, the Voltex module, and the SurfaceView module are of this type. Such modules,
sometimes also called display modules, are represented by yellow icons in the Pool.

In order to create the template for an ordinary module using the development wizard, you must enter
the C++ class name of the module, the name to be shown in the pop-up menu of possible input data
objects, the C++ class name of possible input data objects, and finally the package where the input
class is defined (see Figure 2.5).

Once you press OK, two files are created in the package directory, namely a header file and a source
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Figure 2.5: Creating the template of a custom module.

code file for the new module. In addition, a new module statement is added to the package resource
file located under shar e/ r esour ces in the package directory.

After you have added a new module to a package you need to recreate the build system files before
you can compile the module. Details are described in Section 2.9.

2.6 Adding a Compute Module

A compute module in amira usually takes one or more input data objects, performs some kind of
computation, and puts back a resulting data object in the Pool. Compute modules are represented by
red icons in the Pool.

The only difference between an ordinary module and a compute module is that the former is directly
derived from HxMbdul e while the latter is derived from Hx ConpMbdul e. When creating a template
for a compute module using the development wizard, the same input fields must be filled in as for an
ordinary module. The meaning of these input fields is described in Section 2.5.

2.7 Adding a Read Routine

As will be explained in more detail in Section 3.2, read routines are global C++ functions used to
create one or more amira data objects from the contents of a file stored in a certain file format. To
create the template of a new read routine, first the name of the routine must be specified (see Figure
2.6). The name must be a valid C++ name. It must not contain blanks or any other special characters.
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Figure 2.6: Creating the template of a read routine.

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

Finally, a toggle can be set in order to create the template of a read routine supporting the input of
multiple files. Such a routine will have a slightly different signature. It allows you to create a single
data object from multiple input files. For example, multiple 2D image files can be combined in a single
3D image volume. Details are provided in Section 3.2.3.

After you press OK a new file <nane>. cpp will be created in the package directory, where <nane>
denotes the name of the read routine. In addition, the read routine will be registered in the package
resource file. Some file formats can be identified by a unique file header, not just by the file name
extension. In such a case you may want to modify the resource file entry as described in Section 3.2.1.

Remember, that after you have added a new read routine to a package you need to recreate the build
system files before you can compile it. Details are described in Section 2.9.

2.8 Adding a Write Routine

A write routine is a global C++ function which takes a pointer to some data object and writes the data
to a file in a certain file format. The details are explained in Section 3.3. In order to create the template
of a new write routine, the name of the routine must first be specified (see Figure 2.7). The name must
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Figure 2.7: Creating the template of a write routine.

be a valid C++ name. It must not contain blanks or any other special characters.

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

Finally, the C++ class name of the data object to be saved must be chosen as well as the package
this class is defined in. Some important data objects such as a HxUni f or nScal ar Fi el d3 or a
HxSur f ace are already listed in the corresponding combo box. However, any other class, including
custom classes, may be specified here. Instead of the name of a data class, even the name of an
interface class such as HxLat t i ce3 may be used (see Section 5.2.1).

After you press OK, a new file <name>. cpp will be created in the package directory, where <nanme>
denotes the name of the write routine. In addition, the write routine will be registered in the package
resource file.

Remember, that after you have added a new write routine to a package you need to recreate the build
system files before you can compile it. Details are described in Section 2.9.

2.9 Creatingthe Build System Files

Before you can actually compile your own packages you need to create project files for Visual Studio
on Windows or GNUmakefiles for Unix. These files contain information such as the source code files
to be compiled, or the correct include and library paths. Since it is not trivial to set up and edit these
files manually, amira provides a mechanism to create them automatically. In order to do this, a so-
called Packagefile must exist in each package. The Package files contains the name of the package and
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Figure 2.8: Creating the build system files.

a list of dependent packages. It may also contain additional tags to customize the build process. The
syntax of the package file is described in Section 2.10. 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 is a very helpful feature it also means that you
better do not modify the resulting project or GNUmakefiles manually, because they might be easily
overwritten by amira.

If you select Create build system on the main page of the development wizard and then press the Next
button, the controls shown in Figure 2.8 will be activated. You can choose if you want to create the
build system files for all local packages or just for a particular one. Depending on the selected build
system the following files will be created:

GNUmakefiles

shar e/ src/ mypackage/ GNUmakef i | e: A GNUmakefile for building mypackage. If all local
packages is selected such a file will be created in every subdirectory containing a Package file.

In order to compile all local packages at once, you can type gmake in the local amira directory. In this
directory there is a standard GNUmakefile which calls gmake in all package directories.

Visual Studio .NET 2003

Ami ralLocal . sl n: A workspace containing projects for all local packages. This file will only be
written if all local packages is selected in the development wizard.

al | Am ralLocal . vcpr oj : A project file which depends on all other projects. Choose this project
as active project in Visual Studio if you want to compile all local packages.
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docAm ralLocal . vcproj : A project for creating the documentation for all local packages. This
file will only be written if all local packages is selected in the development wizard.

shar e/ src/ mypackage/ mypackage. vcpr oj : A project for building mypackage. If all local
packages is selected such a file will be created in every subdirectory containing a Package file.

The syntax of the Package file is described in the following section.

2.10 The Package File Syntax

The Package file contains information about a local package. From this file Visual Studio project files
or GNUmakefiles can be generated. The Package file is a Tcl file. It defines a set of Tcl variables
indicating things like the name of the package, dependent libraries, or additional files to be copied
when building the package. The default Package file created by the Development Wizard looks as
follows:

set PACKAGE {nypackage}
set LIBS {

hxpl ot hxtime hxsurface hxcol or hxfield
Amira amranmesh nclib oiv tcl

}
set SHARE {

shar e/ resour ces/ nypackage. rc
}

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

PACKAGE
The variable PACKAGE indicates the name of the package. This should be the same as the name of the
package directory. The package name must not contain any characters other than letters or digits.

LIBS

Lists all libraries the package depends on. By default, the most common amira packages are inserted
here. You can modify this list as needed. For example, if you want to link against a library called
foo.lib on Windows or libfoo.so on Unix, you should add foo to LI BS.

In addition to a real library name you may use the following aliases in the LI BS variable:
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oi v - for the Open Inventor libraries
t cl - for the Tcl library
opengl - for the OpenGL library
gt - for the Qt library (not included in Developer Pack)

If you want to link against a library only on a particular platform, you can set a dedicated variable
LI BS- ar ch, where ar ch denotes the platform. You may further distinguish between the debug and
release version of the code. Here is an example:

set LIBS {ntlib am ramesh schedul e hxz qt oiv opengl tcl}
set LIBS-Unix {hxgfxinit}

set LIBS-Wn32 {hxgfxinit}

set LI BS-W n32VC7- Debug {nmsvcrtd npr}

set LIBS-Wn32VC7-Optim ze {msvert npr}

SHARE

Lists all files which should be copied from the package directory into the local amira directory. By
default, only the package resource file will be copied. However, you may add additional files here
if necessary. Instead of explicit file names you may use wildcards. These will be resolved using the
standard Tcl command gl ob. For example, if you have some demo scripts in your package you could
copy them in the following way:

set SHARE {
shar e/ resour ces/ mypackage. rc
shar e/ deno/ nydenos/ *. hx

}

As for the LI BS variable you may append an arch string here, i.e., SHARE- ar ch. The files then will
only be copied on the specified platforms.

INCLUDES

This variable may contain a list of additional include paths. These paths are used by the com-
piler to locate header files. By default, the include path is set to $AMIRA_ROOT/include,
$AMIRA_ROOT/include/oiv, SAMIRA_LOCAL/src, and the local package directory.

COPY

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

}

As for the LI BS variable you may append an arch string here, i.e., COPY- ar ch. The files then will
only be copied on the specified platforms. A common application is to copy external libraries required
on a particular platform into the amira directory.

SRC

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

set SRC {*.cpp *.c}

This means, that By default all .cpp and .c files in the local package directory will be compiled. Some-
times you may want to replace this default by an explicit list of source files.

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

INCSRC

This variable specifies the header files to be included into the package 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 local package directory will be considered.

Again, you may append an arch string to the | NCSRC variable, so that certain header files will only be
considered on a particular platform.
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Chapter 3

Filel/O

This chapter describes how user-defined read and write routines can be added to amira. The purpose
of custom read and write routines is to add support for file formats not available in amira.

First, some general hints on fi le formats are given. Then we discuss how read routines are expected
to look in amira. Write routines are treated subsequently. Finally, the AmiraMesh APl is discussed.
Using this API, file 1/O for new custom data objects can be implemented rather easily.

3.1 Onfileformats

Before going into detail, let us clarify some general concepts. In amira, all data loaded into the system
are encapsulated in C++ data classes. Chapter 5 provides more information about the standard data
classes. For example, there is a class to represent tetrahedral grids (HxTetraGrid), a separate one for
scalar fields defined on tetrahedral grids (HxTetraScalarField), and another one for 3D image data
(HxUniformScalarField3). Every instance of a data class is represented by a green icon in the amira
Pool.

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

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

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



can contain the data of multiple data objects. For example, an AVS 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 a data object to a file in a specific format. For
example, when saving a 3D image volume to a set of 2D JPEG images, the bounding box information
will be lost. Likewise, there are user-defined parameters or attributes in amira that cannot be encoded
in most standard file formats. On the other hand a file reader often does not interpret all information
provided by a specific file format.

3.2 Read Routines

As already mentioned in the previous section, a read routine is a C++ function that reads a disk file,
interprets the data, creates an instance of an amira data class, and fills that instance with the data read
from the file.

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

A read routine may either be a static member function of a class or a global function. In addition to
the function itself, an entry in the package resource file is needed. In this way amira is informed about
the existence of the read routine and about the type of files that can be handled by the reader.

In the following discussion the implementation of a user-defined read routine will be illustrated by two
concrete examples, namely a simple read routine for scalar fi elds and a read routine for surfaces and
surfacefi elds. Some more details about read routineswill be discussed subsequently.
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3.2.1 A Reader for Scalar Fields

In this section we present a simple read routine designed for reading image volumes, i.e., 3D scalar
fields, from a very simple file format, which we have invented for this example. The file format is
called PPM3D (because it is similar to the ppm 2D image format). The PPM3D format will be an
ASCII file format containing a header, three integer numbers specifying the size of the 3D image
volume, and the pixel data as integer numbers in the range 0 to 255. An example file could look like
this:

# PPM3D

4 43

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 the demo package provided with the amira
developer version. In order to follow the example below, first create a local amira directory us-
ing the Development Wizard. Be sure that the toggle copy demo package is activated, as de-
scribed in Section 2.2. The read routine can then be found in the local amira directory under
packages/ nmypackage/ r eadppnBd. cpp.

Let us first take a look at the commented source code of the reader. Some general remarks follow
below.

L1111 77777777777777777777777777777777/7//7777////7/7////77////777///777
//

// Sample read routine for the PPM3D file format

//

L1117 17777777777777777777777777777777/7777/77/777////77////77//777

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

MYPACKAGE_API1 int readppm3d(const char* filename)

{
FILE* ¥ = fopen(filename, "r'); // open the file

it (1P {
theMsg->ioError(filename);
return O; // indicate error

}

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

// Read size of volume:

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

// Do some consistency checking.

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

}

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

new HxUniformScalarField3(dims, McPrimType::mc_uint8);

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

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

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

int val=0;

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

data[i] = (unsigned char) val;

}

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

// Register the data object to make it visible in the
// Pool. The name for the new object is automatically
// generated from the filename.

HxData: :registerData(field, filename);

return 1; // Indicate success

The source file starts with some includes. First, the file HxMessage.h is included. This header file
provides the global pointer theMsg which allows us to print out text messages in the amira console
window. In our read routine we use theMsg to print out error messages if a read error occurred.

Next, the header file containing the declaration of the data class to be created is included, i.e., HxUni-
formScalarField3.h. As a general rule, every class in amira is declared in a separate header file. The
name of the header file is identical to the name of the C++ class.

Finally, the file mypackageAP1.h is included. This file provides import and export storage-class speci-
fiers for Windows systems. These are encoded in the macro MYPACKAGE_API . On Unix systems this
macro is empty and can be omitted.

The read routine itself takes one argument, the name of the data file to be read. It should return 1 on
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success, or 0 if an error occurred and no data object could be created. The body of the read routine
is rather straightforward. The file is opened for reading. The size of the image volume is read. A
new data object of type HxUniformScalarField3 is created and the rest of the data is written into
the data object. Finally, the file is closed again and the data object is put into the Pool by calling
HxDat a: : r egi st er Dat a. In principle, all read routines look like this example. Of course, the
type of data object being created and the way that this object is initialized may differ.

In order to make the new read routine known to amira, an entry must be added to the package resource
file, i.e., to the file nypackage/ shar e/ r esour ces/ nypackage. r c. In our case this entry
looks as follows:

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

7 7

The dat aFi | e command registers a new file format called PPM3D Demo Format. The option
- header specifies a regular expression which is used for automatic file format detection. If the
first 64 bytes of a file match this expression, the file will be automatically loaded using this read rou-
tine. Of course, some data formats do not have a unique file header. In this case, the format may also
be detected from a standard file name extension. Such an extension may be specified using the - ext
option of the dat aFi | e command. Multiple extensions can be specified as a comma-separated list.
The actual C++ name of the read routine is specified via - | oad. Finally, the package containing the
read routine must be specified using the - package option.

If you have compiled the example in the mypackage demo package, you can try to load the demo file
nypackage/ dat a/ t est . ppn8d. As you will see, the file browser automatically detects the file
format and displays PPM3D Demo Format in its file list.
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3.2.2 A Reader for Surfaces and Surface Fields

Now that you know what a read routine looks like in principle, let us consider a more complex example.
In this section we discuss a read routine which creates more than one data object. In particular, we
want to read a triangular surface mesh from a file. In addition to the surface description, the file may
also contain data values for each vertex of the surface. Data defined on a surface mesh are represented
by separate classes in amira. Therefore, the reader must first create a data object representing the
surface only. Then appropriate data objects must be created for each surface field.

Again, the file format is quite simple and has been invented for the purpose of this example. We call it
the Trimesh format. It is a simple ASCII format without any header. The first line contains the number
of points and the number of triangles. Then the x-, y-, and z-coordinates of the points are listed. This
section is followed by triangle specifications consisting of three point indices for each triangle, point
count starts at one. The next section is for vertex data, starting with a line that contains an arbitrary
number of integers. Each integer indicates that there is a data field with a certain number of variables
defined on the surface’s vertices, e.g., 1 for a scalar field or 3 for a vector field. The data values for
each vertex follow in separate lines. Here is a small example containing 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 local amira directory under
packages/ mypackage/ r eadt ri mesh. cpp. Remember that the demo package must have been
copied into the local amira directory before compiling. For details, refer to Section 2.2. Let us now
look at the complete read routine before discussing the details:

/1///7777777777777/777/7///////////////////////////////////////////7/77/7
//

// Read routine for the Trimesh file format

//
I17777777777777777777777777777777///////////////////////////7/7/7777

#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 (1fp) {
theMsg->ioError(filename);
return O;

}

// 1. Read the surface itself

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

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

ifT (nPoints<0 || nTriangles<0) {
theMsg->printf(**11legal 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->points[i];
fgets(buffer,256,fp);
sscanf(buffer, "%g %g %g", &p[0]1, &p[1l, &p[2]);

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

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

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

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

patch->triangles.resize(nTriangles);

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

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

// 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());
// Create field with desired number of components
HxSurfaceField* field = HxSurfaceField: :create(surface,
HxSurfaceField: :OnNodes, n);
fields.append( field );

}

if (fields.size()) {
// 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]->dataPtrQL[i*n];
for (k=0; k<n; k++)
v[k] = atof(tk.nextToken());

}

// 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); 7/ close file and return ok
return 1;

}

The first part of the read routine is very similar to the PPM3D reader outlined in the previous section.
Required header files are included, the file is opened, the number of points and triangles are read, and
a consistency check is performed.

Then an amira surface object of type HxSurface is created. The class HxSurface has been devised to
represent an arbitrary set of triangles. The triangles are organized into patches. A patch can be thought
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of as the boundary between two volumetric regions, an “inner” and an “outer” region. Therefore, for
each patch an inner region and an outer region should be defined. In our case, all triangles will be
inserted into a single patch. After this patch has been created and initialized, the number of points and
triangles is set, i.e., the dynamic arrays points and triangles are resized appropriately.

Next, the point coordinates and the triangles are read. Each triangle is defined by the three points it
consists of. The point indices start at one in the file but should start at zero in the HxSurface class.
Therefore all indices are decremented by one. Once all triangles have been read, they are inserted into
the patch we have created before. The surface is now fully initialized and can be added to the Pool by
calling HxData::registerData.

The second part of the read routine is reading the data values. First, we check how many data fields
are defined and how many data variables each field has. In order to parse this information, we use the
utility class McStringTokenizer. This class returns blank-separated parts of a string one after the other.
For more information about this and other utility classes refer to the online reference documentation
of the amira developer version.

For each group of data variables, a corresponding surface field is created. The fields are temporarily
stored in the dynamic array fields. Instead of directly calling the constructor of the class HxSur-
faceField, the static method HxSurfaceField::create is used. This method checks the number of data
variables and automatically creates an instance of a subclass such as HxSurfaceScalarField or Hx-
SurfaceVectorField, if this is possible. In principle, surface fields may store data on a per-node or a
per-triangle basis. Here we are dealing with vertex data, so we specify the encoding to be HxSurface-
Field::OnNodes in HxSurfaceField::create.

Finally, the data values are read into the surface fields created before. Afterwards, all the fields are
added to the Pool by calling HxData::registerData again. In order to define a useful name for the
surface fields, we call the method composeLabel. This method takes a reference name, in this case
the name of the surface, and replaces the suffix by some other string, in this case “data”. amira
automatically modifies the name so that it is unique. Therefore we can perform the same replacement
for all surface fields.

Like any other read routine, our Trimesh reader must be registered in the package
resource file before it can be used. This is done by the following statement in
nypackage/ shar e/ r esour ces/ nypackage. rc:

dataFile -name "Trimesh Demo Format"
-ext "trimesh,tm"
-load "readtrimesh"
-package "‘mypackage"

777

Most of the options of the dat aFi | e command have already been explained in the previous section.
However, in contrast to the PPM3D format, the Trimesh format cannot be identified by its file header.
Therefore, we use the - ext option to tell amira that all files with file name extensions trimesh or tm
should be opened using the Trimesh reader.
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3.2.3 More About Read Routines

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

Reading Multiple Images At Once

The amira file browser allows you to select multiple files at once. Usually, all these files are opened
one after the other by first determining the file format and then calling the appropriate read routine.
However, in some cases the data of a single amira data object are distributed among multiple files. The
most prominent example is 3D images where every slice is stored in a separate 2D image file. In order
to be able to create a full 3D image, the file names of all the individual 2D images must be available to
a read routine. To facilitate this, read routines in amira 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 same dat aFi | e command can be used in the package resource file. amira
automatically detects whether a read routine takes a single file name as an argument or multiple ones.
In the latter case, the read routine is called with the names of all files selected in the file browser,
provided all these files have the same file format (if multiple files with different formats are selected,
the read routine for each format is called with the matching files only). You can create the template of
a multiple files read routine by selecting the toggle create reader for multiple files in the Development
Wizard (see Section 2.7).

The Load Command

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

For this purpose a special parameter called LoadCmd should be defined for the data object. This pa-
rameter should contain a Tcl command sequence which restores the data object on execution. Usually,
the load command is simply set to | oad <fi | enanme> when calling HxDat a: : r egi st er Dat a.
However, this approach fails if the format of the file cannot be detected automatically, or if multiple
data objects are created from a single file, e.g., as in our Trimesh example.
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In such cases the load command should be set manually. In case of the Trimesh reader, this could
be done by adding the following lines of code at the very end of the routine just before the method’s
returning point:

McString loadCmd;

loadCmd.printf(*'set TMP10 [load -trimesh %s]\n"
"lindex $TMP10 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 and all data objects are created when the first
line of the load command is executed. Note that we specified the - t r i mesh option as an argument
of | oad. This ensures that the Trimesh reader will always be used. The format of the file to be loaded
will not be determined automatically. The Tcl command | oad returns a list with the names of all
data objects which have been created. This list is stored in the variable TMPIO. Later the names of
the individual objects can be obtained by extracting the corresponding elements from this list. This is
done using the Tcl command | i ndex.

Using Dialog Boxes in a Read Routine

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

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

3.3 WriteRoutines

Like read routines, write routines in amira are C++ functions, either global ones or static member
functions of an arbitrary class. In the following discussion we present write routines for the same two
formats for which reader codes have been explained in the previous section. First, a writer for scalar
fi eldswill be discussed, then awriter for surfaces and surface fi elds
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3.3.1 A Writer for Scalar Fields

In this section we explain how to implement a routine for writing 3D images, i.e., instances of the
class HxUniformScalarField3, to a file using the PPM3D format introduced in Section 3.2.1. The
writer is even simpler than the reader. Again, the source code is contained in the demo package of
the amira developer version. Once you have created a local amira directory using the Development
Wizard and copied the demo package into that directory, you will find the write routine in the local
amira directory under packages/ mypackage/ wri t eppnBd. cpp. Here it is:

L1111177777777777777777777777/777777//7777/7//777///777///77///777
//

// Sample write routine for the PPM3D file format

//

L1111 77777777777777777777777777777777//77////77////77///7/7////777

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

MYPACKAGE_API
int writeppm3d(HxUniformScalarField3* field, const char* filename)
{
// 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 O0; // indicate error

}

FILE* ¥ = fopen(filename, "w'); // open the file

if (1) {
theMsg->ioError(filename);
return 0; // indicate error

}

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

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

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

for (int i=0; i<dims[O0]*dims[1]*dims[2]; i++) {
fprintf(f, "%d ", data[i]);
if (i%20 == 19) // do some formatting
fprintf(f,'"\n");

36 Chapter 3: File I/0



// Close the file.
fclose(fF);

return 1; // indicate success

At the beginning, the same header files are included as in the reader. HxMessage.h provides the global
pointer theMsg which allows us to print out text messages in the amira console window. HxUni-
formScalarField3.h contains the declaration of the data class to be written to the file. Finally, mypack-
ageAPI.h provides import and export storage-class specifiers for Windows systems. These are encoded
in the macro MYPACKAGE_API . On Unix systems, this macro is empty and can be omitted.

The signature of a write routine differs from that of a read routine. It takes two arguments, namely a
pointer to the data object to be written to a file, as well as the name of the file. Before a write routine
is called, amira always checks if the specified file already exists. If this is the case, the user is asked
if the existing file should be overwritten. Therefore, such a check need not to be coded again in each
write routine. Like a read routine, a write routine should return 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. At the beginning, a check is made whether
the 3D image really consists of byte data. In general, the type of data values of such an image can
be 8-bit bytes, 16-bit shorts, 32-bit integers, floats, or doubles. If the image does contain bytes, a file
is opened and the image contents are written into it. However, note that the data object also contains
information which cannot be stored using our simple PPM3D file format. First of all, this applies to
the bounding box of the image volume, i.e., the position of the center of the first and the last voxel in
world coordinates. Also, all parameters of the object (defined in the member variable parameters of
type HxParamBundle) will be lost if the image is written into a PPM3D file and read again.

Like a read routine, a write routine must be registered in the package resource file, i.e., in
nypackage/ shar e/ r esour ces/ nypackage. rc. This is done by the following statement:

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

7 7

The option - save specifies the name of the write routine. The option - t ype specifies the C++ class
name of the data objects which can be saved using this format. Note that an export format may be
registered for multiple C++ objects of different type. In this case multiple - t ype options should be
specified. However, for each type there must be a separate write routine with a different signature
(polymorphism). For example, if we additionally want to register the PPM3D format for objects of
type HxStackedScalarField3, we 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-called interface classes that may be specified with the
- t ype option. For example, in this way it is possible to implement a generic writer for n-component
regular 3D fields. Such data is encapsulated by the interface HxLattice3. For more information about
interfaces, refer to Chapter 5.

At this point you may try to compile and execute the write routine by following the instructions given
in Section 1.5 (Compiling and Debugging).

3.3.2 A Writer for Surfaces and Surface Fields

For the sake of completeness, a writer for the Trimesh format introduced in Section 3.2.2 is described
in this section. Remember that the Trimesh format is suitable for storing a triangular mesh as well as
an arbitrary number of data values defined on the vertices of the surface. In amira, surfaces and data
fields defined on surfaces are represented by different objects. This also has some implications when
designing a write routine.

In our example we actually implement two different write routines, one for the surface and one for
the surface field. If the user selects the surface and exports it using the Tr i nesh writer, the surface
mesh as well as all attached data fields will be written to file. On the other hand, if the user selects a
particular surface field, the corresponding surface and just the selected field will be written.

The source code of the writer can be found in the local amira directory under
packages/ mypackage/ witetrimesh. cpp. Remember that the demo package must
be copied into the local amira directory before compiling. For details refer to Section 2.2. Again, let
us start by looking at the code:

/1///7/77777/777777/7777//7///7/7//////7//7//////////////////////////////7/777
//

// Write routine for the Trimesh file format

//
////77/77777777/7777//7//////////7//7//////////////////////////////7/77/7

#include <Amira/HxMessage.h>

#include <hxsurface/HxSurface.h>
#include <hxsurface/HxSurfaceField.h>
#include <mypackage/mypackageAPlI .h>

static
int writetrimesh(HxSurface* surface,
McDArray<HxSurfaceField*> fields, const char* filename)
{
FILE *f = fopen(filename, "w");
if (1) {
theMsg->ioError(filename);
return O;

}

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

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

// Write point coordinates
for (i=0; i<points.size(); i++) {

McVec3f& v = points[i];

fprintf(F, "%g %g %g\n", v[0], v[1], v[2]);
}

// Write point indices of all triangles
for (i=0; i<triangles.size(); i++) {
int* idx = triangles[i].points;
fprintf(F, "%d %d %d\n", §idx[0]+1, idx[1]+1, idx[2]+1);

// 1f 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(Q); j++) {
int n = fields[j]->nDatavVar();
float* v = &fields[j]->dataPtrQ[i*n];
for (k=0; k<n; k++)
fprintf(F, "%g ", Vv[kl);

b
fprintf(F, "\n");

}

fclose(f); // done
return 1;

}

MYPACKAGE_API
int writetrimesh(HxSurface* surface, const char* filename)
{
// Temporary array of surface data fields
McDArray<HxSurfaceField*> fields;

// Check if there are data fields attached to surface
for (int i=0; i<surface->downStreamConnections.size(); i++) {
HxSurfaceField* field =
(HxSurfaceField*) surface->downStreamConnections[i];
if (Field->isOfType(HxSurfaceField: :getClassTypeld()) &&
field->getEncoding() == HxSurfaceField: :OnNodes)
Fields.append(field);
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// Write surface and all attached data fields
return writetrimesh(surface, fields, filename);

}

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

// Check if data is defined on nodes

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

}

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

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

}

In the upper part of the code, first a static utility method is defined which takes three arguments: a
pointer to a surface, a dynamic array of pointers to surface fields, and a file name. This is the function
that actually writes the data to a file. Once you have understood the Trimesh reader 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 mentioned above are defined, one for surfaces and the
other one for surface fields. Since these routines are to be exported for external use, we need to apply
the package macro MYPACKAGE_API , at least on Windows.

Let us now look more closely at the surface writer.  This routine first collects all sur-
face fields attached to the surface in a dynamic array. This is done by scanning
sur f ace- >downSt r eamConnect i ons which provides a list of all objects attached to the sur-
face. The class type of each object is checked using the method i sOf Type. This sort of dynamic
type-checking is the same as in Open Inventor. If a surface field has been found and if it contains data
defined on its nodes, it is appended to the temporary array f i el ds. The surface itself, as well as the
collected fields, are then written to file by calling the utility method defined in the upper part of the
writer code.

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

Although actually two write routines have been defined, only one entry in the package resource file is
required. This entry looks as follows (see nypackage/ shar e/ r esour ces/ nypackage. r c):

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 the instructions given in Section 1.5 (Compil-
ing and Debugging).

3.4 The AmiraMesh API

Besides many standard file formats, amira also provides its own native format called AmiraMesh. The
AmiraMesh file format is very flexible. It can be used to save many different data objects including
image data, finite-element grids, and solution data defined on such grids. Among other features it
supports ASCII or binary data encoding, data compression, and storage of arbitrary parameters. The
format itself is described in more detail in the reference section of the users guide. In this section we
want to discuss how to save custom data objects in AmiraMesh format. For this purpose a special C++
utility class called Ami r aMesh is provided. Using this class, reading and writing AmiraMesh files
becomes very easy.

Below we will first provide an overview of the AmiraMesh API. After that, we present two simple
examples. In the first one we show how colormaps are written in AmiraMesh format. In the second
one we show how such colormaps are read back again.

341 Oveview

The AmiraMesh API consists of a single C++ class. This class is called Ami r aMesh as is the file
format itself. It is defined in the header file i ncl ude/ am r amesh/ Ami r aMesh. h located in
the amira root directory. The class is designed to completely represent the information stored in
an AmiraMesh file in memory. When reading a file first an instance of an Am r aMesh class is
created. This instance can then be interpreted and the data contained in it can be copied into a matching
amira data object. Likewise, when writing a file, first an instance of an Am r aMesh class is created
and initialized with all required information. Then this instance is written to file simply by calling a
member method.

If you look at the header file or at the Ami raMesh class documentation, you will notice that
there are four public member variables called par anet er s, | ocati onLi st, dat aLi st, and
fi el dLi st. These variables completely store the information contained in a file. The first variable
is of type HxPar anBundl e. Like in an amira data object, it is used to store an arbitrary hierarchy of
parameters. The other three member variables are dynamic arrays of pointers to locally defined classes.
The most important local classes are Locat i on and Dat a, which are stored in| ocat i onLi st and
dat alLi st , respectively.

A Locat i on defines the name of a single- or multi-dimensional array. It does not store any data by
itself. This is done by a Dat a class. Every Dat a class must refer to some Locat i on. For example,
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when writing a tetrahedral grid, we may define two different one-dimensional locations, one called
Nodes and the other one called Tetrahedra. On the nodes we define a Dat a instance for storing the x-,
y-, and z-coordinates of the nodes. Likewise, on the tetrahedra we define a Dat a instance for storing
the indices of the four points of a tetrahedron.

As stated in the Ami r aMesh class documentation, the Data class can take a pointer to some already
existing block of memory. In this way it is prevented that all data must be copied before it is written
to file. In order to write compressed data, the member method set Codec has to be called. Currently,
two different compression schemes are supported. The first one, called HxByteRLE, implements simple
run-length encoding on a per-byte basis. The second one, called HxZip, uses a more sophisticated
compression technique provided by the external zlib library. In any case, the data will be automatically
uncompressed when reading an AmiraMesh file.

It should be pointed out that the AmiraMesh file format itself merely provides a method for storing
arbitrary data organized in single- or multi-dimensional arrays in a file. It does not specify anything
about the semantics of the data. Therefore, when reading an AmiraMesh file it is not clear what kind of
data object should be created from it. To facilitate file 1/0 of custom data objects, the actual contents
of an AmiraMesh file are indicated by a special parameter called ContentType. For each such type,
a special read routine is registered. Like an ordinary read routine, an AmiraMesh reader is a global
function or a static member method of a C++ class. It has the following signature:

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

This method is called whenever the ContentType parameter matches the the one the read method is
registered for. The reader should create an amira data object from the contents of the AmiraMesh
class. The filename can be used to define the name of the resulting data object. In order to register
an AmiraMesh read routine, a statement similar to the following one must be put into the package
resource file:

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

3.4.2 Writingan AmiraMesh File

As a concrete example, in this section we want to show how a colormap is written in AmiraMesh
format. In particular, we consider colormaps of type HxCol or map256, consisting of N discrete
RGBA tuples. Like most other write methods, the AmiraMesh writer is 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);

it ( Im.write(filename,1l) ) {
theMsg->ioError(filename);
return O;

}

setLoadCmd(filename);
return 1;

In the first part of the routine a variable mof type Ani r aMesh is defined. The parameters of the
colormap are copied into m In addition, two more parameters are set. The first one, called MinMax,
describes the coordinate range of the colormap. The second one indicates the content type of the
AmiraMesh file. This parameter ensures that the colormap can be read back again by a matching
AmiraMesh read routine (see Section 3.4.3).

Before the RGBA data values can be stored, a Locat i on of the right size must be created and
inserted into the Ani r aMesh class. Afterwards, an instance of a Dat a class is created and inserted.
The constructor of the Dat a class takes a pointer to the Locat i on as an argument. Moreover, a
pointer to the RGBA data values is specified. Each RGBA tuple consists of four numbers of type float.

3.4.3 Readingan AmiraMesh File

In the previous section we presented a simple AmiraMesh write routine for colormaps. We now want
to read back such files again. For this reason we define a static AmiraMesh read function in class
HxCol or map256. Of course, a global C++ function could be used as well. The read function is
registered in the package resource file hxcol or . r c in the following way:

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

This statement indicates that the static member method readAm raMesh of the class
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Hx Col or map256 defined in package hxcol or should be called if the AmiraMesh file contains
a parameter ContentType equal to Col or map. The source code of the read routine looks as follows:

int HxColormap256: : readAmiraMesh(AmiraMesh* m,

{

44

}

const char* filename)

for (int i=0; i<m->dataList.size(); i++) {

AmiraMesh: :Data* data = m->datalList[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(Q);
int size = data->location()->dims(Q[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[l], 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 little bit more complex since some consistency
checks are performed. First, the member dat aLi st of the Am r aMesh structure is searched for a
one-dimensional array containing vectors of three or four elements of type byte or float. This array
should contain the RGB or RGBA values of the colormap. If a matching Dat a structure is found, a
new instance of type HxCol or map256 is created. The parameters are copied from the Ami r aMesh
class into the new colormap. Afterwards, the actual color values are copied. Although the write routine
only exports RGBA tuples of type float, the read routine also supports byte data. For this reason two
different cases are distinguished in a switch statement. If the file only contains 3-component data, the
opacity value of each colormap entry is set to 1. Finally, the coordinate range of the colormap is set by
evaluating the 2-component parameter MinMax, and the new colormap is added to the Pool by calling
HxDat a: : r egi st er Dat a.
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Chapter 4

Writing M odules

Besides the data classes, modules are the core of amira. They contain the actual algorithms for visu-
alization and data processing. Modules are instances of C++ classes derived from the common base
class HxMbdul e.

There are two major groups of modules: compute modules and display modules. The first group
usually performs some sort of operation on input data, creates some resulting data object, and deposits
the latter in the Pool. In contrast, display modules usually directly visualize their input data. In this
chapter both types of modules will be covered in separate sections. For each case a concrete example
will be presented and discussed in detail.

In addition, we also discuss the amira Plot AP in 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 mentioned compute modules usually take one or more input data objects and calculate a new
resulting data object from these. The resulting data object is deposited in the Pool. Compute modules
are represented by red icons in the Pool. They are derived from the base class Hx ConpModul e.

In order to learn how to implement a new compute module, we will take a look at a concrete example.
In particular, we want to write a compute module which performs a threshold operation on a 3D image,
i.e., on an input object of type HxUniformScalarField3. The module produces another 3D image as
output. In the resulting image, all voxels with a value below a user-specified minimum value or above
a maximum value should be set to zero.

For easier understanding we start with a very simple and limited version of the module. Then we
iteratively improve the code. In particular, we proceed in three steps:



e Version 1. merely scans the input image, does not yet produce a result
e Version 2. creates an output object as result, uses the progress bar
e Version 3: adds an Apply button, overwrites the existing result if possible

You can find the source code of all three versions in the demo package provided with the amira
developer version, i.e., under packages/ mypackage in the local amira directory. For each version
there are two files: a header file called MyConput eThr eshol dN. h and a source code file called
My Comput eThr eshol dN. cpp (where N 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 local amira directory, please follow the instructions given in Section 2.2. In
order to compile the demo package, please refer to Section 1.5 (Compiling and Debugging).

4.1.1 Version 1: Skeleton of a Compute Module

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

Like most other modules, our compute module consists of a header file containing the class declaration
as well as a source file containing the actual code (or the class definition). Let us look at the header
file MyConput eThr eshol d1. h first:

L1117 77777777777777777777/777777/77/777/77/77/77/77//////77/77/77
//

// Example of a compute module (version 1)

//
LI1777777777777777777777777777777777/77/77/7/77/77/77//7/7/7///7777
#ifndef MY_COMPUTE_THRESHOLD_H

#define MY_COMPUTE_THRESHOLD_H

#include <Amira/HxCompModule.h>

#include <Amira/HxPortFloatTextN.h>

#include <mypackage/mypackageAPI .h>

class MYPACKAGE_API MyComputeThresholdl : public HxCompModule

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

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

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

// 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 statement that prevents the contents of the file from
being included multiple times. Then three header files are included. Hx ConpModul e. h contains the
definition of the base class of our compute module. The next file, HxPor t FI oat Text N. h, contains
the definition of a port we want to use in our class.

A port represents an input parameter of a module. In our case we use a port of type
HxPor t Fl oat Text N. This port provides one or more text fields where the user can enter floating
point numbers. The required text fields and labels are created automatically within the port constructor.
As a programmer you simply put some ports into your module, specifying their types and labels, and
do not have to bother creating a user interface for it.

Following HxPor t Fl oat Text N. h, the package header file mypackageAPI . h is included. This
file provides import and export storage-class specifiers for Windows systems. These are encoded in
the macro MYPACKAGE_API . A class declared without this macro will not be accessible from outside
the DLL it is defined in. On Unix systems the macro is empty and can be omitted.

In the rest of the header file nothing more is done than deriving a new class from Hx ConpMbodul e
and defining two member functions, namely the constructor and an overloaded virtual method called
conput e. The conput e method is called when the module has been created and whenever a change
of state occurs on one of the module’s input data objects or ports. In fact, a connection to an input data
object is also established by a port, as we shall see later on. In this example we just declare one port in
our class, specifically an instance of type HxPor t Fl oat Text N.

The corresponding source file looks like this:

L1111 177777777777777777/7777777777777//777/77/77////77////77//777
//

// Example of a compute module (version 1)

//

L1117 177777777777777777/7777777777777///7777///77//7/77//7/77//777

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

HX_INIT_CLASS(MyComputeThresholdl,HxCompModule) // required macro
MyComputeThresholdl: :MyComputeThreshold1() :

HxCompModule(HxUniformScalarField3: :getClassTypeld()),
portRange(this, " range',2) // we want to have two float fields

{
}

void MyComputeThresholdl::compute()

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

// Check whether the input port is connected
if (1field) return;

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

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

// 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 1=0; i<dims[0]; i++) {
// This function returns the value at the specific
// grid node. It implicitly casts the result
// to float if necessary.
float value = field->evalReg(i,j,k);
iT (value<minValue)
belowCnt++;
else if (value>maxValue)
aboveCnt++;

}

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

Following the include statements and the obligatory HX_I NI T_CLASS macro, the constructor is de-
fined. The usual C++ syntax must be used in order to call the constructors of the base class and the
class members. The constructor of the base class HxConpModul e takes the class type of the input
data object to which this module can be connected. amira uses a special run-time type information
system that is independent of the rtti feature provided by the newer ANSI C++ compilers.

The second method we have to implement is the conput e method. We first retrieve a pointer to
our input data object through a member called port Dat a. This port is inherited from the base
class HxModul e, i.e., every module has this member. The port is of type HxConnect i on and it
is represented as a blue line in the user interface (if connected). The rest of the compute method is
rather straightforward. The way the actual data are accessed and how the computation is performed,
of course, is highly specific to the input data class and the task the module performs. In this case we
simply loop over all voxels of the input image and count the number of voxels below the minimum
value and above the maximum value. In order to access a voxel’s value, we use the evalReg method.
This method is provided by any scalar field with regular coordinates, i.e., by any instance of class
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HxRegScal ar Fi el d3. Regardless of the primitive data type of the field, the result will always be
cast to float.

Once you have compiled the mypackage demo package, you can load the file | obus. hmfrom
amira ‘sdat a/ t ut ori al s directory and attach the module to it. Try to type in different threshold
values, or use different input data sets. Instructions for compiling local packages are provided in
Section 1.5 (Compiling and Debugging).

4.1.2 Version 2: Creating a Result Object

Now that we have a first working version of the module, we can add more functionality. First, we
want to create a real output data object. Then we further want to improve the module by using amira’s
progress bar and by providing better default values for the range port. The header file of our mod-
ule will not be affected by all these changes. We merely need to add some code in the source file
My Comput eThr eshol d2. cpp.

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

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

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

This creates a new instance of type HxUni f or nScal ar Fi el d3 with the same dimensions and the
same primitive data type as the input data object. Since the output has the same bounding box, i.e.,
the same voxel size as the input, we copy the bounding box. Note that this approach will only work
for fields with uniform coordinates. For other regular coordinate types such as stacked or curvilinear
coordinates, we refer to Section 5.2.

After the output object has been created, its voxel values are not yet initialized. This is done in the
inner part of the nested for-loops. The method set , used for this purpose, automatically performs a
cast from float to the primitive data type of the output field. In summary, the inner part of the for-loop
now looks as follows:

float value = field->evalReg(i,j,k);
float newvalue = 0;

iT (value<minValue)
belowCnt++;

else if (value>maxValue)
aboveCnt++;

else newvalue = value;

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

setResult(output); // register result

This method adds a data object to the Pool if it is not already present there. In addition, it connects
the object’s master port to the compute module itself. Like any other connection, this link will be
represented by a blue line in the Pool. The master port of a data object may be connected to a compute
module or to an editor. Such a master connection indicates that the data object is controlled by an
‘upstream’ component, i.e., that its contents may be overridden by the object it is connected to.

Now that we have created an output object, let us address the progress bar. Although for the test data
set | obus. amour threshold operation does not take very long, it is good practice to indicate that the
application is busy when computations are performed that could take long time on large input data.
Even better is to show a progress bar, which is not difficult. Before the time-consuming part of the
compute routine, i.e., before the nested for-loops, we add the following line:

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

We use the global instance t heWbr kAr ea of class HxWor kAr ea here. The corresponding header
file must be included at the beginning of the source file. The method turns the application into
the ‘busy’ state and displays a working message in the status line. As opposed to the method
st art Wor ki ng, this variant does not activate the stop button. See Section 7.2 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 nested for-loops we update the progress bar just
before a new 2D slice is processed. This is done by the following line of code:

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

The value of (f 1 oat) (k+1)/di ms[ 2] progressively increases from zero to one during computa-
tion. Note that you should not call set Pr ogr essVal ue in the inner of the three loops. Each call
involves an update of the graphical user interface and therefore is relatively expensive. It is perfectly
okay to update the progress bar several hundred times during a computation, but not several hundred
thousand times.

Another slight improvement we have incorporated into the second version of our compute module
concerns the r ange port. In the constructor we have set new initial values for the minimum and
maximum fields. While both values are 0 by default, we now set them to 30 and 200, respectively:
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// 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 by loading the test data set | obus. am
from amira’s dat a/ t ut ori al s directory. Attach the Conput eThr eshol d2 module to it. To
better appreciate the progress bar, try to resample the input data, for example to 512x512x100, and
connect the compute module to the resampled data set. However, be sure 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 the module’s compute method is triggered
automatically when the module is created and whenever the range port is changed. Each time a new
result output data object is created. This quickly fills up the computer’s main memory as well as
amira’s graphical user interface. Therefore, we now change this behavior: A new result object is to be
created only the first time. Whenever the range port is changed afterwards, the existing result object
should be overridden. In order to achieve this, we modify the middle part of the compute method in
the following way:

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

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

// 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] ||
Ffield->primType() != output->primType())
output=0;
b

// 1T necessary, create a new result data set.
if (Joutput) {
output = new HxUniformScalarField3(dims,
Field->primType());
output->composeLabel (Field->getName(), "masked");

The get Resul t method checks whether there is a data set whose master port is connected to the com-
pute module. This typically is the object set by a previous call to set Resul t . However, it also may
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be any other object. Therefore, a run-time type check must be performed by calling the i sOf Type
member method of the output object. If the output object is not of type HxUni f or nScal ar Fi el d3,
the variable out put will be set to null. Then a check is made whether the output object has the same
dimensions and the same primitive data type as the input object. If this test fails, out put will also be
set to null. At the end, a new result object will only be created if no result yet exists or if the existing
result does not match the input. It is possible to interactively try different range values without creating
a bunch of new results.

However, when one of the numbers of the range port is changed, computation starts immediately.
Sometimes this may be desired, but in this case we prefer to add an Apply button as present in many
other compute modules. The user must explicitly push this button in order to start computation. In
order to use the Apply button, the following line of code must be added in the public section of the
module’s header file:

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

Of course, the corresponding include file Am r a/ HxPor t Dol t . h must be included as well. Like
for the other port, we must initialize por t Dol t 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 fields
portDolt(this,"action™)

// Set text of dolt button
portDolt.setLabel (0,"Dolt™);
3

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

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

With these changes, the module is already quite usable. Try to attach the final version of the module to
some data set, press Apply, change the range and press Apply again. Attach an OrthoSlice module to
the result while experimenting with the range (use the histogram mapping in the OrthoSlice in order
to see small changes). Try to detach the connection between the result and the module and press Apply
again.

Note: Since amira 4.0, the HxPor t Dol t port is not (by default) visible in the control panel of its
associated module. Rather, the fact that a module has an HxPor t Dol t activates (makes green) the
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Apply button at the bottom of the Properties Area. To request display of the Dolt port in the module
control panel, check the Show ’Dolt™ buttons box in the Layout tab of the Edit/Preferences dialog.

Finally, some remarks on performance. Although it is probably not critical in this simple example,
performance typically becomes an issue in real-world applications. In the inner-most loop, calling the
methods f i el d-> eval Reg and out put - > set is convenient but rather expensive. For exam-
ple, if the input consists of bytes like in | obus. am these methods involve a cast from unsi gned
char tofl oat and back to unsi gned char.

The performance can be improved by writing code which explicitly handles a particular primitive
data type. A pointer to the actual data values of a HxUniformScalarField3 can be obtained by calling
field-> lattice. dataPtr (). Thevaluereturned by this method is of type voi d*. It must be
explicitly cast to the data type the field actually belongs to. The voxel values itself are arranged without
any padding. This means that the index of voxel (i, j, k ) is given by ( k* di ns[ 1] +j ) *di ms[ 0] +i ,
where di ns[ 0] and di ns[ 1] denote the number of voxels in the x and y directions, respectively.

4.2 A Display Module

Our next example is a module which displays some geometry in amira’s 3D viewer. The module takes
a surface model as input and draws a little cube at every vertex that belongs to n triangles, where n is
a user-adjustable parameter.

From the previous section we already know the basic idea: We derive a new class from the base class
HxMbdul e. Since this time our module does not produce a new data set we directly use HxMbdul e as
base class instead of Hx ConpModul e. As input the module should accept data of class HxSur f ace.
We need one additional port allowing the user to specify the parameter n. As in the previous section
we develop different versions of our module, thereby introducing new concepts step by step:

e Version 1.
creates an Open Inventor scene graph and displays it in the viewer

e Version2:
adds a colormap port, provides a parse method for Tcl commands

e Version3:
implements a new display mode, dynamically shows or hides a port

You can find the source code of all three versions of the module in the demo package provided with
the amira developer version, i.e., under packages/ mypackage in the local amira directory. For
each version there are two files, a header file called MyDi spl ayVerti cesN. h and a source code
file called MyDi spl ayVerti cesN. cpp (where Nis 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 local amira directory, please follow the instructions given in Section 2.2. In
order to compile the demo package, please refer to Section 1.5 (Compiling and Debugging).
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4.2.1 Version 1. Displaying Geometry

The first version of our module, called MyDisplayVertices1, merely detects the vertices of interest and
displays them using little cubes. In order to understand the code, we first need to look more closely at
the class HxSur f ace. As we can see in the reference documentation, a surface essentially contains
an array of 3D points and an array of triangles. Each triangle has three indices pointing into the list
of points. In order to count the triangles per vertex, we simply walk through the list of triangles and
increment a counter for each vertex.

Once we have detected all interesting vertices, we are going to display them using small cubes. This
is done by creating an Open Inventor scene graph. If you want to learn more about Open Inventor, you
probably should look at The Inventor Mentor, an excellent book about Open Inventor published by
Addison-Wesley. In brief, an Open Inventor scene graph is a tree-like structure of C++ objects which
describes a 3D scene. Our scene is quite simple. It consists of one separator node containing several
cubes, i.e., instances of class SoCube. Since an SoCube is always located at the origin, we put an
additional node of type SoTr ansl at i on right before each SoCube. We adjust the size of the cubes
so that each side is 0.01 times the length of the diagonal of the bounding box of the input surface.

After this short overview we now look at the header file of the module. It is called
MyDi spl ayVerticesl. h:

LI1111777777777777777777777777777777//7777/7//777///777///77/7///777
//

// Example of a display module

//
L1111177777777777777777777777777777777//77////77////77/////77///777
#ifndef MY_DISPLAY_VERTICES_H

#define MY_DISPLAY_VERTICES_H

#include <McHandle.h> // smart pointer template class
#include <Amira/HxModule.h>
#include <Amira/HxPortiIntSlider.h>
#include <mypackage/mypackageAPl .h>
#include <Inventor/nodes/SoSeparator.h>
class MYPACKAGE_AP1 MyDisplayVerticesl : public HxModule
HX_HEADER(MyDisplayVerticesl);
public:
// Constructor.

MyDisplayVerticesl();

// Destructor.
“MyDisplayVerticesl();

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

protected:
McHandle<SoSeparator> scene;

¥

#endif

The header file can be understood quite easily. First some other header files are included. Then the
new module is declared as a child class of HxMbdul e. As usual, the macros MYPACKAGE _API and
HX_HEADER are obligatory. Our module implements a default constructor, a destructor, and a compute
method. In addition, it has a port of type HxPor t I nt Sl i der 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 the member variable scene of type
McHandl e<SoSepar at or >. A McHandl e is a so-called smart pointer. It can be used like an
ordinary C pointer. However, each time a value is assigned to it, the reference counter of the ref-
erenced object is automatically increased or decreased. This is done by calling the r ef or unr ef
method of the object. If the reference counter becomes zero or less, the object is deleted automatically.
We recommend using smart pointers instead of C pointers because they are safer.

The actual implementation of the module is contained in the file My Conput eThr eshol d1. cpp.
This file looks as follows:

L1177777777777777777777777777/77/777777/77/7/777/77///77/77/7/7//7//77/7
//

// Example of a compute module (version 1)

//
L1177777777777777777777777777/77/777777/77/7/777/7///77/77//7//7/777

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

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

HX_INIT_CLASS(MyDisplayVerticesl,HxModule)
MyDisplayVerticesl: :MyDisplayVertices1l() :

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

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

}

MyDisplayVerticesl: :"MyDisplayVertices1l()

A Display Module 57



}

hideGeom(scene);

void MyDisplayVerticesl::compute()

{

58

int i;

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

ifT (Isurface) { 7/ Check if input object is available
hideGeom(scene);
return;

}

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

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

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

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

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

// Cube size should be 1% of the bounding box diagonal:
float size = surface->getBoundingBoxSize().length() * 0.01;

// Pointer to coordinates cast from McVec3f to SbVec3f.
SbVec3f* p = (SbhVec3f*) surface->points.dataPtr();

SbVec3f q(0,0,0); // position of last point
int count = 0; // vertex counter

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

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

scene->addChi ld(trans);
scene->addChild(cube);
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count++;
g=p[il;

}

theMsg->printf(*'Found %d vertices belonging to %d triangles",
count, numTriPerVertex);

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

}

A lot of things are happening here. Let us point out some of these in more detail now. The constructor
initializes the base class with the type returned by HxSur f ace: : get O assTypel d. This ensures
that the module can only be attached to data objects of type HxSur f ace. The constructor also ini-
tializes the member variable por t NumTr i angl es. The range of the slider is set from 1 to 12. The
initial value is set to 6. Finally, a new Open Inventor separator nodes is created and stored in scene.

The destructor contains only one call, hi deGeom( scene) . This causes the Open Inventor scene to
be removed from all viewers (provided it is visible). The scene itself is deleted automatically when the
destructor of McHandl e is called.

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

In the second part of the compute method the Open Inventor scene graph is created. First, all previous
children of scene are removed. Then the length of the diagonal of the input surface is determined.
The size of the cubes will be set proportional to this length. For convenience the pointer to the coor-
dinates of the surface is stored in a local variable p. Actually the coordinates are of type McVec 3f .
However, this class is fully compatible with the Open Inventor vector class SbVec3f . Therefore the
pointer to the coordinates can be cast as shown in the code.

After everything has been set up, every element of the array t r i Count is checked in a for-loop. If
the value of an element matches the selected number of triangles per vertex, two new Inventor nodes
of type SoTr ansl at i on and SoCube are created, initialized, and inserted into scene. Since the
SoTr ansl at i on also affects all subsequent translation nodes we must remember the position of the
last point in g and subtract this position from the one of the current point. Alternatively, we could
have encapsulated the SoTr ansl ati on and the SoCube in an additional SoSepar at or node.
However, this would have resulted in a more complex scene graph. At the very end of the compute
method, the new scene graph is made visible in the viewer by calling showGeom This method
automatically checks if a node has already been visible. Therefore it may be called multiple times with
the same argument.

The module is registered in the usual way in the package resource file, i.e., in
nypackage/ shar e/ resour ce/ nypackage.rc. Once you have compiled the demo
package, you may test the module by loading the surface mypackage/ dat a/ t est . sur f located
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in the local amira directory.

4.2.2 Version 2: Adding Color and a Parse M ethod

In this section we want to add two more features to our module. First, we want to use a colormap
port which allows us to specify the color of the cubes. Second, we want 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 colormap, i.e., to a class of type HxCol or map.
It is derived from HxConnect i on but, in contrast to the base class, it provides a graphical user
interface showing the contents of the colormap and letting the user change its coordinate range. If no
colormap is connected to the port, a default color is displayed. The 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 must insert the following line into the mod-
ule’s header file:

HxPortColormap portColormap;

Of course, we must also include the header file of the class HxPor t Col or map. This file is located
in package hxcol or. Note that the order in which ports are displayed on the screen depends on
the order in which the ports are declared in the header file. If we declare port Col or map before
port Numlri angl es, the colormap port will be displayed before the integer slider.

In the compute method of our module we add the following piece of code 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 all the translation and cube nodes into the sep-
arator. The material node causes the cubes to be displayed in a certain color. We call the get Col or
method of the colormap port in order to determine this color. If the port is not connected to a colormap,
this method simply returns the default color. However, if it is connected, the color is taken from the
colormap. As an argument we specify nunmTr i Per Ver t ex, the number of triangles of the selected
vertices. Depending on the value of por t NumTr i angl es, the cubes therefore will be displayed in
different colors. Of course, this requires that the range of the colormap extend from something like 1
to 10 or 12.

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

by overloading the virtual method par se of HxMbdul e. 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 allow us to control the module in a more
sophisticated way. A typical application is to set special parameters which should not be represented
by a separate port in the user interface. As an example, we want to provide a method which allows us
to change the size of the cubes. In the initial version of the module the cubes were adjusted so that
each side was 0.01 times the length of the diagonal of the bounding box of the input surface. The value
of the scale factor shall now be stored in the member variable scal e. In order to set and get this
variable, two Tcl commands set Scal e and get Scal e 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[1];

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

3

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

b

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

return TCL_OK;
3

Commands are defined in a sequence of if-else statements. For each command, the macro CVD should
be used. At the end of the if-else sequence the parse method of the base class should be called. Note
that after a command is issued, the compute method of the module will not be called automatically
by default. This is in contrast to interactive changes of ports. However, we may explicitly call fi r e
in a command like shown above. In this case the size of the cubes then will be adjusted immedi-
ately. You may test the parse method by loading the file mypackage/ dat a/ t est . sur f, attach-
ing Di spl ayVerti ces2toit, and then typing something like Di spl ayVerti ces2 set Scal e
0. 03 into the amira console window.

4.2.3 Version 3: Adding an Update Method

Besides a compute method, modules may also define a update method. This method is called just
before the compute method and also whenever a module is selected. In the update method, the user-
interface of the module can be configured, i.e., ports can be shown or hidden dynamically if this is
required, the sensitivity of ports can be adjusted, or the number of entries of an option menu can be
modified dynamically.
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In order to illustrate how an update method might work, we implement an alternate display mode
in our module. In this mode all vertices of a surface should be displayed, not only the ones with a
certain number of neighboring triangles. In this second mode the slider por t Nunir i angl es is not
meaningful anymore. We therefore hide it by defining an appropriate update method. The following
lines are added in the header file MyDi spl ayVerti ces3. h:

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

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

The new radio box port lets the user switch between the two display modes. Like the compute method,
the update method takes no arguments and also has no return value.

If you look into the source code file MyDi spl ayVerti ces3. cpp you will notice that the radio box
port is initialized in the constructor of the module and that the 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 slider por t Nunilr i angl es is shown or hidden depending on the value of the radio box port.
Note that before the update method is called, all ports are marked to be shown. Therefore you must hide
them every time updat e is called. For example, the showand hi de 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, we slightly modify the way the Open Inventor
scene graph is created. Instead of a single SoMat er i al node, we insert a new one whenever the
color of a cube needs to be changed, i.e., whenever the number of triangles 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(p[i]-q);

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

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

count++;
g=pLil:

Again, you can test the module by loading the file nypackage/ dat a/ t est . sur f and attaching
Di spl ayVerti ces3toit. If you connect the physics.icol colormap to the colormap port, adjust the
colormap range to 1...9, and select the all-vertices display style, you should get an image similar to the
one shown in Figure 4.1.

4.3 A ModuleWith Plot Output

In some cases you may want to show a simple 2D plot in an amira module, for example a histogram
or some bar chart. To facilitate this task amira provides a special-purpose Plot APl which can be used
in any amira object, regardless of whether it is a compute module or a display module.

The class PzEasyPl ot provides the necessary methods to open a plot window and to draw in that
window. In the following, we illustrate how to use this class, again by means of an example. In
particular, we are going to write a module which plots the number of voxels per slice for all materials
defined in a label field. A label field usually represents the results of an image segmentation operation.
For each voxel there is a label indicating which material the voxel belongs to. In a separate section
further features of the Plot API will be described.

431 A SimplePlot Example

In this section we show how to plot some simple curves using the class PzEasyPl ot . As mentioned
above, the curves represent the number of voxels per slice for the materials of a label field. For this
purpose we define a new module called MyPl ot Ar eaPer Sl i ce.

Like the other examples, this module is contained in the amira demo package. In order to check out
the demo package, you must create a local amira directory as described in Section 2.2. In order to
compile the demo package, please refer to Section 1.5 (Compiling and Debugging).

Let us first look at the header file MyPI ot Ar eaPer Sl i ce. h:
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Figure4.1: The demo module DisplayVertices3 displays little cubes at the vertices of a surface. The cubes are colored according
to the number of neighboring triangles.
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L1117777777777777777777777777777777/777/77/777/77///77/77/7/7//7/777
//

// Example of a plot module (header file)

//

L1117 777777777777777777777777/777/777777/77/777/7///77/77//7//7/777
#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/mypackageAPI .h>

class MYPACKAGE_AP1 MyPlotAreaPerSlice : public HxModule
HX_HEADER(MyPlotAreaPerSlice);
public:
// Constructor.

MyPlotAreaPerSlice();

// Shows the plot window.
HxPortButtonList portAction;

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

protected:
McHandle<PzEasyPlot> plot;

¥

#endif

The class declaration is very simple. The module is derived directly from HxModul e.
vides a constructor, a compute method, and a port of type HxPor t But t onLi st .

It pro-
In fact, we

will only use a single push button in order to let the user pop up the plot window. The plot
window class PzEasyPl ot itself is referenced by a smart pointer, i.e., by a variable of type
McHandl e<PzEasyPl ot >. We have already used smart pointers in Section 4.2.1, for details see

there.
Now let us take a look at the source file MyPl ot Ar eaPer Sl i ce. cpp:

L1111 177777777777777777777777777777777/7777////7/7////77////777///777
//

// Example of a plot module (source code)

//

L1111 17777777777777777777777777777777//7777/7777//7/77//7/77//777

#include <Amira/HxWorkArea.h>

#include <hxfield/HxLabellLattice3.h>
#include <mypackage/MyPlotAreaPerSlice.h>
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HX_INIT_CLASS(MyPlotAreaPerSlice,HxModule)

MyPlotAreaPerSlice: :MyPlotAreaPerSlice() :

}

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

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

void MyPlotAreaPerSlice: :compute()

66

HxLabellLattice3* lattice = (HxLabellLattice3*)
portData.source(HxLabelLattice3: :getClassTypeld());

// Check if valid input is available.
if (Mlattice) {

plot->hide();

return;

}

// Return if plot window is invisible and show button

// 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();

// 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);

}

// 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 = data[k*dims[0]*dims[1]+i];
if (label<nMaterials)
count[label][k]++;

}

plot->rembata(); // remove old curves
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for (n=0; n<nMaterials; n++) // add new curves
plot->putData(lattice->materials()->bundle(n)->name(),
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 class HxMbdul e is initialized with the class type ID of the class
HxLabel Lat ti ce3. This class is not a data class derived from HxDat a but a so-called interface.
Interfaces are used to provide acommon API for objects not directly related by inheritance. In our case,
MyPI ot Ar eaPer Sl i ce can be connected to any data object providing a HxLabel Latti ce3 in-
terface. This might be a HxUni f or nLabel Fi el d3 but also a HxSt ackedLabel Fi el d3 or
something else.

Also in the constructor, a new plot window of type PzEasyPI ot is created and stored in pl ot . Then
the method pl ot - >aut oUpdat e( 0) is called. This means that we must explicitly call the updat e
method of PzEasyPI ot after the contents of the plot window are changed. Auto-update should be
disabled when more than one curve is being changed at once.

As usual, the actual work is performed by the compute method. First, we retrieve a pointer to the label
lattice. Since we want to use an interface instead of a data object itself, we must specify the class type
ID of the interface as an argument of the sour ce method of por t Dat a. Otherwise we would get a
pointer to the object providing the interface, but we can’t be sure about the type of this object.

The method returns if no label lattice is present or if the plot window is not visible and the show button
has not been pressed. Otherwise, the contents of the plot window are recomputed from scratch. For
this purpose a dynamic array of arrays called count is defined. The array provides a counter for each
material and for each slice of the label lattice. Initially all counters are set to zero. Afterwards, they
are incremented while the voxels are traversed in a nested for-loop.

The actual initialization of the plot window happens subsequently. First, old curves are re-
moved by calling pl ot - >r enDat a. Then, for each material, a new curve is added by calling
pl ot - >put Dat a. Afterwards, pl ot - >updat e is called. If we had not disabled ‘auto update’
in the constructor, the plot window would have been updated automatically in each call of put Dat a.
The put Dat a method creates a curve with the given name and sets the values. If a curve of the given
name exists, the old values are overridden. The method returns a pointer to the curve which in turn can
be used to set attributes for the curve individually (see below). Finally, the plot window is popped up
and the ‘busy’ cursor we have activated before is switched off again.

To test the module, first compile the demo package. For instructions, see Section 1.5 (Compiling
and Debugging). Then load the file dat a/ t ut ori al s/ | obus. | abel s. amfrom the amira root
directory. Attach Pl ot Ar eaPer Sl i ce to it and press the show button. You then should get a result
like that shown in Figure 4.2.
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Figure 4.2: Plot produced by sample module PlotAreaPerSice.

4.3.2 Additional Features of the Plot API

The “pointer to curve’ objects returned by the put Dat a call can be used to access the curve directly,
i.e., to manipulate its attributes. The most important attributes of curve objects are:

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

e Line width, represented by an integer number. Can be set by calling:
curve->set Attr("linew dth", |inew dth);

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

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

For each attribute corresponding get At t r methods are available.
In order to access the axis of the ‘easy plot’ window, you must call

PzAxis* axis = plot->getTheAxis();

Don’t forget to include the corresponding header file Pz Axi s. h.
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The color, line width, and line type attributes of the curves apply to axes as well. Besides this, there
are some more methods to change the appearance of axes:

// 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);

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

If you are not satisfied with the size of the plot window and you don’t want to change it using the
mouse every time, just call set Si ze right after creating the plot window:

plot->setSize(width, height);

As you would expect, the methods get M niVax, get Label and get Si ze are also available with
the same parameter list as their set counterparts.

Finally, it is also possible to have a legend or a grid in the plot. In this case more arguments must be
specified in the constructor of PzEasyPl ot :

int withLegend = 1;

int withGrid = 0;

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

Like the axis, the legend and the grid are internally represented by separate objects of type
PzLegend and PzGri d. You can access these objects by calling the methods get TheLegend
and get TheGri d. Details about the member methods of these objects are listed in the class refer-
ence documentation.
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Chapter 5

Data Classes

This chapter provides an overview of the structure of amira data classes. Important classes are dis-
cussed in more detail. In particular, the following topics will be covered:

e anintroduction to data classes, including the hierarchy of data classes
e dataon regular grids, e.g., 3D images with uniform or stacked coords
tetrahedral grids, including data fields defined on such grids
hexahedral grids, including data fields defined on such grids

e other issues related to data classes, including transparent data access

5.1 Introduction

A profound knowledge of the amira data objects is essential to developers. Data objects occur as
input of write routines and almost all modules, and as output of read routines and compute modules.
In the previous chapters we already encountered several examples of amira data objects such as 3D
image data (represented by the class HxUni f or nScal ar Fi el d3), triangular surfaces (represented
by the class HxSur f ace), or colormaps (represented by the class HxCol or map). Like modules,
data objects are instances of C++ classes. All data objects are derived from the common base class
HxDat a. Data objects are represented by green icons in amira’s Pool.

In the following let us first present an overview of the hierarchy of data classes Afterwards, we will
discuss some of the general conceptshbehind it.

5.1.1 TheHierarchy of Data Classes

The hierarchy of amira data classes roughly looks as follows (derived classes are indented, auxiliary
base classes are ignored):



HxData baseclass of all data objects

HxSpreadSheet spreadsheet containing an arbitrary number of rows and columns
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 baseclass representing fi eldsin 3D space

HxScalarField3 scalar fi ed (1 component)

HxRegScalarField3 scalar fi eld with regular coordinates
HxUniformScalarField3 scalar fi eld with uniform coordinates
HxUniformLabelField3 material labelswith uniform coordinates
HxStackedScalarField3 scalar fi eld with stacked coordinates
HxStackedLabelField3 material labelswith stacked coordinates
HxAnnaScalarField3 scalar fi eld defi ned by an analytic expression
HxTetraScalarField3 scalar fi eld defi ned on a tetrahedral grid
HxHexaScalarField3 scalar fi eld defi ned on a hexahedral grid
HxVectorField3 vector fi ed (3 components)

HxRegVectorField3 vector fi eld with regular coordinates
HxUniformVectorField3 vector fi eld with uniform coordinates
HxEdgeElemVectorField3 vector fi eld defi ned by Whitney elements
HxAnnaVectorField3 vector fi eld defi ned by an analytic expression
HxTetraVectorField3 vector fi ed defi ned on a tetrahedral grid
HxHexaVectorField3 vector fi eld defi ned on a hexahedral grid
HxComplexScalarField3 complex-valued scalar fi eld (2 components)
HxRegComplexScalarField3 complex scalar fi eld with regular coordinates
HxUniformComplexScalarField3 complex scalar fi eld w/ uniform coords
HxTetraComplexScalarField3 complex scalar fi eld defi ned on a tetra grid
HxHexaComplexScalarField3 complex scalar fi eld defi ned on a hexa grid
HxComplexVectorField3 complex-valued vector fi eld (6 components)
HxRegComplexVectorField3 complex vector fi eld with regular coordinates
HxUniformComplexVectorField3 complex vector fi eld w/ uniform coords
HxEdgeElemComplexVectorField3 complex vector fi eld w/ Whitney elements
HxTetraComplexVectorField3 complexfi eld defi ned on a tetrahedral grid
HxHexaComplexVectorField3 complex fi eld defi ned on a hexahedral grid
HxColorField3 color fi ed consisting of RGBA-tuples
HxRegColorField3 color fi eld with regular coordinates
HxUniformColorField3 color fi eld with uniform coordinates
HxRegField3 other n-component fi eld with regular coordinates
HxTetraField3 other n-component fi eld defi ned on a tetrahedral grid
HxHexaField3 other n-component fi eld defi ned on a hexahedral grid
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HxVertexSet data objects providing a set of discrete vertices

HxSurface representsatriangular surface

HxTetraGrid representsatetrahedral 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 representsa set of vertices with associated data values
HxSurfaceField baseclass for fi elds defi ned on triangular surfaces
HxSurfaceScalarField scalar fi eld defi ned on a surface (1 component)
HxSurfaceVectorField vector fi eld defi ned on a surface (3 components)
HxSurfaceComplexScalarField complex scalar surfacefi eld (2 components)
HxSurfaceComplexVectorField complex vector surfacefi eld (6 components)
HxSurfaceField other n-component fi eld defi ned on a surface

Note that you can find an in-depth description of every class in the online reference documentation.
This description has been generated automatically from the commented amira header files by a tool
called DOC++. You may view it by pointing an external web browser such as Internet Explorer or
Netscape Navigator to the file shar e/ doc++/ i ndex. ht ml contained in the amira root directory.
The reference documentation not only covers data objects but all classes provided with the amira
developer version. As you already know, these classes are arranged in packages. For example, all data
classes derived from HxFi el d3 are located in package hxf i el d, and all classes related to triangular
surfaces are located in package hxsur f ace.

5.1.2 RemarksAbout the ClassHierarchy

All data classes are derived from the base class HxDat a. This class in turn is derived from
HxObj ect , the base class of all objects that can be put into the amira Pool. The class HxDat a
adds support for reading and writing data objects, and it provides the variable par anet er s of type
HxPar anBundl e. This variable can be used to annotate a data object by an arbitrary number of
nested parameters. The parameters of any data object can be edited interactively using the parameter
editor described in the User’s Guide.

We observe that the majority of data classes are derived from HxSpat i al Dat a. This is the base
class of all data objects which are embedded in 3D space as opposed for example to colormaps.
HxSpat i al Dat a adds support for user-defined affine transformations, i.e., translations, rotations,
and scaling. For details refer to Section 5.5.2. It also provides the virtual method get Boundi ngBox
which is redefined by all derived classes. Two important child classes of HxSpat i al Dat a are
HxFi el d3 and HxVert exSet .

HxVer t exSet is the base class of all data objects that are defined on an unstructured set of vertices
in 3D space, like surfaces or tetrahedral grids. The class provides methods to apply a user-defined
affine transformation to all vertices of the object, or modify the point coordinates in some other way.

HxFi el d3 is the base class of data fields defined on a 3D-domain, like 3D scalar fields or 3D vector
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fields. HxFi el d3 defines an efficient procedural interface to evaluate the field at an arbitrary 3D point
within the domain, independent of whether the latter is a regular grid, a tetrahedral grid, or something
else. The procedural interface is described in more detail in Section 5.5.1.

Looking at the inheritance hierarchy again, we observe that a high level distinction is made between
fields returning a different number of data values. For example, all 3D scalar fields are derived from
a common base class HxScal ar Fi el d3, and all 3D vector fields are derived from a common base
class HxVect or Fi el d3. The reason for this structure is that many modules depend on the data
dimensionality of a field only, not on the internal representation of the data. For example, a module
for visualizing a flow field by means of particle tracing can be written to accept any object of type
HxVect or Fi el d3 as input. It then automatically operates on all derived vector fields, regardless of
the type of grid they are defined on.

On the other hand, it is often useful to treat the number of data variables of a field as a dynamic
quantity and to distinguish between the type of grid a field is defined on. For example, we may
wish to have a common base class of fields defined on a regular grid and derived classes for regular
scalar or vector fields. Since this structure and the one sketched above are very hard to incorporate
into a common class graph, even if multiple inheritance were used, another concept has been chosen
in amira, namely interfaces. Interfaces were first introduced by the Java programming language.
They allow the programmer to take advantage of common properties of classes that are not related by
inheritance.

In amira interfaces can be implemented as class members, or as additional base classes. In the first case
a data class contains an interface class, while in the second case it is derived from HxI nt er f ace.
Important interface classes are HxLatti ce3, HxTet raDat a, and HxHexaDat a, which are
members of fields defined on regular, tetrahedral, and hexahedral grids, respectively. Another ex-
ample is HxLabel Lat ti ce3, which is a member of HxUni f or m_Label Fi el d3, as well as
Hx St ackedLabel Fi el d3. In Section 4.3.1 we have already presented an example of how to use
this interface in order to write a module which operates on any label field, regardless of the actual
coordinate type.

5.2 Dataon Regular Grids

Fields defined on a regular grid occur in many different applications. For example, 3D image volumes
fall into this category. The term ‘regular’ means that the nodes of the grid are arranged as a regular 3D
array, i.e., every node can be addressed by an index triple (i,j,k). A regular field can be characterized
by three major properties: the coordinate type, the number of data components, and the primitive
component data type (for example short or f | oat).

In the class hierarchy a major distinction is made between the number of data components of a field.
For example, there is a class HxRegScal ar Fi el d3 representing (one-component) scalar fields
defined on a regular grid. This class is derived from the general base class HxScal ar Fi el d3.
Similar classes exist for (three-component) vector fields, complex scalar field, and complex vec-
tor fields defined on regular grids. Fields not falling into one of these categories, i.e., fields de-
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fined on regular grids with a different number of data components, are represented by the class
HxRegFi el d3 which is directly derived from HxFi el d3. Moreover, there are separate subclasses
for the most relevant combinations of the number of data components and the coordinates type, like
Hx St ackedScal ar Fi el d3 or HxUni f or mect or Fi el d3. All regular data classes provide a
member variable | at ti ce of type HxLat t i ce3. This variable is an interface. It can be used to
access data fields with a different number of components in a transparent way.

Below we first discuss the lattice interface in more detail. We then present an overview of all sup-
ported coordinate types. Afterwards, two more types of data fields defined on regular coordinates are
discussed, namely label fi eldsand color fi elds.

Note that all these fields can be evaluated without regard to the actual coordinate type or the primitive
data type by means of amira’s procedural interface for 3D fields (see Section 5.5.1).

5.2.1 Thelatticelnterface

The actual data of any regular 3D field is stored in a member variable | atti ce of type
HxLat t i ce3. This variable essentially represents a dynamic 3D array of n-component vectors. The
number of vector components as well as the primitive data type are subject to change, i.e., a data object
of type HxLat t i ce3 can be re-initialized to hold a different number of components of different prim-
itive data type. However, a lattice contained in an object of type HKRegScal ar Fi el d3 always con-
sists of 1-component vectors, while a lattice contained in an object of type HxRegVect or Fi el d3
always consists of 3-component vectors. In addition, the coordinates 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 lattice class, please refer to the online reference
documentation or directly inspect the header file HxLat t i ce3. h located in package hxfi el d. At
this point, we just present a short example which shows how the dimensionality of the lattice, the
number of data components, and the primitive data type can be queried. The primitive data type is
encoded by the class McPr i niType defined in package ntl i b. In particular, the following six data
types are supported by amira:

e McPrimType: : nt_ui nt 8 (8-bit unsigned bytes)
McPri nType: : nc.i nt 16 (16-bit signed shorts)
McPri mType: : nc_ui nt 16 (16-bit unsigned shorts)
McPri mType: : nc.i nt 32 (32-bit signed integers)
McPri mType: : nc fl oat (32-bit floats)

e McPrinType: : nc_doubl e (64-bit doubles)

Regardless of the actual type of the lattice data values, the pointer to the data array is returned as
voi d*. The return value must be explicitly cast to a pointer of the correct type. This is illustrated
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in the following example where we compute the maximum value of all data components of a lattice.
Note that the data values are stored one after another without any padding. The first index runs fastest.

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

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

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[0]; 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 primitive data types can often be simplified by defining
appropriate template functions locally. In the case of our example, such a template function may look
like this:

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

T* max = data[0];

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[0]; 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);

}
Using this template function, the above switch statement looks as follows:

switch (lattice.primType(Q)) {
case McPrimType::mc_uint8:
getmax((unsigned char*)lattice.dataPtr(),dims,nDatavar);
break;
case McPrimType::mc_intl6:
getmax((short*) lattice.dataPtr(),dims,nDatavar);
break;

}

Though less efficient, another possibility for handling different primitive data types is to use one of the
methods eval , set , get Dat a, or put Dat a. These methods always involve a cast to f | oat 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 kind of regular field, i.e., on objects of
type HxRegScal ar Fi el d3, HxRegVect or Fi el d3, and so on. One way to achieve this would
be to configure the input port of the module so that it can be connected to all possible regular field
input objects. This can be done by calling the method port Dat a. addType() in the module’s
constructor multiple times with the required class type I1Ds. In addition, all input types must be listed
in the package resource file. This can be done by specifying a blank-separated list of types as the
argument of the - pr i mar y option of the modul e command. In the compute method of the module,
the actual type of the input must be queried, then the input pointer must be cast to the required type
before a pointer to the lattice member of the object can be stored.

Of course, this approach is very tedious. A much simpler approach is to make use of the fact that the
lattice member of a regular field is an interface. Instead of the name of a real data class, the class type
ID of HxLat t i ce3 may be used to specify to what kind of input object a module may be connected
to. In fact, if this is done, any data object providing the lattice interface will be considered as a valid
input. In order to access the lattice interface of the input object, the following statement must be
used in the module’s compute method (also check Section 4.3.1 for an example of how to deal with
interfaces):

Data on Regular Grids I



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 lattice in the Pool, for example as the
result of a compute module. However, since HxLat t i ce3 is not an amira data class, this is not
possible. Instead we must create a suitable field object which the lattice is a member of. For this
purpose the class HxLat t i ce3 provides a static method cr eat e which creates a regular field and
puts an existing lattice into it. If the lattice contains one data component, a scalar field will be created;
if it contains three components, a vector field will be created, and so on. The resulting field may then
be used as the result of a compute module. Note that the lattice must not be deleted once it has been
put into a field object. The concept is illustrated by the following example:

HxLattice3* lattice = new HxLattice3(dims, nDatavar,
primType, otherLattice->coords()->duplicate());

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

5.2.2 Regular Coordinate Types

Currently four different coordinate types are supported for regular fields, namely uniform coordinates,
stacked coordinates, rectilinear coordinates, and curvilinear coordinates. The coordinate types are
distinguished by way of the enumeration data type HxCoor dType. The coordinates themselves are
stored in a separate utility class of type HxCoor d3 which is referenced by the lattice member of a
regular field. For each coordinate type there is a corresponding subclass of HxCoor d3.

As already mentioned in the introduction, for some important cases there are special subclasses of a
regular field dedicated to a particular coordinate type. Examples are HxSt ackedScal ar Fi el d3
(derived from HxRegScal ar Fi el d3) or HxUni formvect or Fi el d3) (derived from
HxRegVect or Fi el d3). If such special classes do not exist, the regular base class should be
used instead. In this case the coordinate type must be checked dynamically and the pointer to the
coordinate object has to be down-cast explicitly before it can be 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 coordinates. All grid cells are axis-aligned and
of equal size. In order to compute the position of a particular grid node, it is sufficient to know the
number of cells in each direction as well as the bounding box of the grid.

Uniform coordinates are represented by the class HxUni f or nCoor d3. This class provides a method
bbox which returns a pointer to an array of six floats describing the bounding box of the grid. The six
numbers represent the minimum x-value, the maximum x-value, the minimum y-value, the maximum
y-value, the minimum z-value, and the maximum z-value in that order. Note that the values refer to
grid nodes, i.e., to the corner of a grid cell or to the center of a voxel. 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 uniform 2D slices with variable slice distance.
They are represented by the class HxSt ackedCoor d3. This class provides a method bbox XY which
returns a pointer to an array of four floats describing the bounding box of a 2D slice. In addition, the
method coor dZ returns a pointer to an array containing the z-coordinate of each 2D slice.

Rectilinear Coordinates

Same as for uniform or stacked coordinates, in the case of rectilinear coordinates the grid cells are
aligned to the axes, but the grid spacing may vary from cell to cell in each direction. Rectilinear
coordinates are represented by the class HxRect i | i near Coor d3. This class provides three meth-
ods, coor dX, coor dY, and coor dZ, returning pointers to the arrays of x-, y-, and z-coordinates,
respectively.

Curvilinear Coordinates

In the case of curvilinear coordinates, the position of each grid node is stored explicitly as a 3D vector
of floats. A single grid cell need not to be axis-aligned anymore. An example of a 2D curvilinear grid
is shown in Figure 5.1.

Curvilinear coordinates are represented by the class HxCur vi | i near Coor d3. This class provides
a method pos which can be used to query the position of a grid node indicated by an index triple (i,j,K).
Alternatively, a pointer to the coordinate values may be obtained by calling the method coor ds. The
coordinate vectors are stored one after another without padding and with index i running fastest. Here
is an example:

Data on Regular Grids 79



I
I

My

]

rrrg

T

I
{l
WL

1]

I
T

1
LN
|

I T L
1
| 1 T
| I -
1T 1
11 1

[
!
[ TTT,

P A T T T T T T R R ses

1
I
!
I
I

|
I
|
I
I

AT ARERATRRARAN

Figure 5.1: Example of a 2D grid with curvilinear coordinates.

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

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

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

5.2.3 Labe Fiedddsand the Label Lattice Interface

Label fields are used to store the results of an image segmentation process. Essentially, at
each voxel a number is stored indicating which material the voxel belongs to. Consequently,
label fields can be considered scalar fields. In fact, currently there are two different types
of label fields, one for uniform coordinates (represented by class HxUni f or niLabel Fi el d3
derived from HxUni f or n5cal ar Fi el d3) and one for stacked coordinates (represented by
class HxSt ackedLabel Fi el d3 derived from class HxSt ackedScal ar Fi el d3).  Since
the two types are not derived from a common base class, a special-purpose interface called
HxLabel Latti ce3 is provided. In fact, this interface is in turn derived from HxLatti ce3. It
replaces the standard lattice variable of ordinary regular fields (see Section 5.2.1).

The primitive data type of a label field is always McPr i niType: : nt _ui nt 8, i.e., bytes. In addition
to the standard lattice interface, the label lattice interface also provides access to the label field’s
materials. Materials are stored in a special parameter subdirectory of the underlying data object. While
discussing the plot API, we already encountered an example of how to interpret the materials of a label
field (see Section 4.3.1). Note that whenever a new label is introduced, a new entry should also be
put into the material list. Existing materials are marked so that they can not be removed from the
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material list (this would corrupt the labeling). In order to remove obsolete materials, call the method
renmoveEnpt yMat eri al s of HxLabel Latti ce3.

In addition to the labels, special weights can be stored in a label lattice. These weights are used to
achieve sub-voxel accuracy when reconstructing 3D surfaces from the segmentation results. A pointer
to the weights can be obtained by calling get Wi ght s or get \éi ght s2 of the label lattice. For
more details about HxLabel Lat t i ce3, please refer to the online class documentation.

5.2.4 Color Fields

Color fields are yet another type of regular fields. They consist of 4-component RGBA-byte-tuples
and are represented by the class HKRegCol or Fi el d3 derived from HxCol or Fi el d3. The latter
class is closely related to HxScal ar Fi el d3 or HxVect or Fi el d3, see the overview on data class
inheritance presented in Section 5.1.1. For color fields with uniform coordinates there is a special
subclass HxUni f or nCol or Fi el d3. Like any other regular fields, color fields provide a member
| at t i ce 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 on unstructured tetrahedral grids. Such grids
are often used in finite element simulations (FEM). In amira, tetrahedral grids and data fields defined
on such grids are implemented by two different classes or groups of classes and are also distinguished
in the user interface by different icons. The reason is that by separating grid and data there is no need
for replicating the grid in case many fields are defined on the same grid, a case that occurs frequently
in practice.

In the following two sections, we introduce the grid classHxTet r aGr i d before discussing the cor-
responding fi eld classesand the interface Hx Tet r aDat a.

5.3.1 Tetrahedral Grids

Tetrahedral grids in amira are implemented by the class HxTetraGr i d and its base class
TetraGri d. Looking at the reference documentation of TetraG i d we observe that a tetra-
hedral grid essentially consists of a number of dynamic arrays such as poi nts, tetras, or
mat eri al | ds.

e The poi nt s array is a list of all 3D points contained in the grid. A single point is stored as an
element of type McVec 3f . This class has the same layout as the Open Inventor class SbVec 3f .
Thus, a pointer to McVec 3f can be cast to a pointer to SbVec 3f and vice versa.

e Thet et r as array describes the actual tetrahedra. For each tetrahedron the indices of the four
points and the indices of the four triangles it consists of are stored. The numbering of the points

Unstructured Tetrahedral Data 81



P3

Po
Pi L3

Figure 5.2: Numbering of points in a tetrahedron with positive volume (left). Numbering of the corresponding triangles (right).

and triangles is shown in Figure 5.2. In particular, the fourth point is located above of the triangle
defined by the first three points. Triangle number i is located opposite to point number i.

e Themat eri al | ds array contains 8-bit labels that assign a "material’ identifier to every tetra-
hedron. For example, this is used in tetrahedral grids generated from segmented image data to
distinguish between different image segments corresponding to different material components
of physical objects represented by the (3D) image data Like in the case of label fields or surfaces,
the set of possible material values is stored in the parameter list of the grid data object.

The three arrays, poi nts, tetras, and mat eri al | ds, must be provided by the ’user’. The
triangles of the grid are stored in an additional array called t r i angl es. This array can be constructed
automatically by calling the member method cr eat eTri angl es2. This method computes the
triangles from scratch and sets the triangle indices of all tetrahedra defined int et r as.

The t ri angl es array also provides a way for accessing neighboring tetrahedra. Among other in-
formation (see reference documentation) stored for each triangle, the indices of the two tetrahedra it
belongs to are available. In the case of boundary triangles, one of these indices is -1. Therefore, in
order to get the index of a neighboring tetrahedron you can use the following code:

// 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) {

// No neighboring tetra, boundary face

}

Note that it is possible to define a grid with duplicated vertices, i.e. with vertices having exactly the
same coordinates. This is useful to represent discontinuous data fields. The method createTriangles2
checks for such duplicated nodes and correctly creates a single triangle between two geometrically
adjacent tetrahedra, even if these tetrahedra refer to duplicated points.
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Optionally the edges of a grid can be computed in addition to its points triangles, and tetrahedra by call-
ing createEdges. The edges are stored in an array called edges and another array edgesPer Tet r a
is used in order to store the indices of the six edges of a tetrahedron.

Moreover, the class Tet r aGr i d provides additional optional arrays, for example to store a dynamic
list of the indices of all tetrahedra adjacent to a particular point (t et r asPer Poi nt ). This and other
information is primarily used for internal purposes, for example to facilitate editing and smoothing of
tetrahedral grids.

5.3.2 Data Defi ned on Tetrahedral Grids

In most applications, you will not only have to deal with a single tetrahedral grid, but
also with data fields defined on it, for example scalar fields (e.g. temperature) or vector
fields (e.g. flow velocity). amira provides special classes for these data modalities, namely
HxTet r aScal ar Fi el d3, HxTetraVect or Fi el d3, HxTetraConpl exScal ar Fi el d3,
HxTet r aConpl exVect or Fi el d3,and HxTet r aFi el d3 (see class hierarchy in Section 5.1.1).

Like in the case of regular data fields, the actual information is stored in a special member variable
called data, which is of type HxTet r aDat a. Like the corresponding member type HxLat ti ce3
for regular data, HxTet raDat a isan i nt er f ace, i.e., derived from Hx| nt er f ace. It provides
transparent access to data fields defined on tetrahedral grids regardless of the actual number of data
components of the field. In order to access that interface without knowing the actual type of input
object within a module, you may use the following statement:

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

Data on tetrahedral grids must always be of type f| oat . The data values may be stored in three
different ways, indicated by the encoding type as defined in HxTet r aDat a:

o PER_TETRA: One data vector is stored for each tetrahedron. The data are assumed to be constant
inside the tetrahedron.

e PER VERTEX: One data vector is stored for each vertex of the grid. The data are interpolated
linearly inside a tetrahedron.

e PER TETRA_VERTEX: Four separate data vectors are stored for each tetrahedron. The data are
also interpolated linearly.

This last encoding scheme is useful for modeling discontinuous fields. In order to evaluate a field
at an arbitrary location in a transparent way, amira’s procedural data interface should be used. This
interface is described in Section 5.5.1.

Like HxLat t i ce3, the class HxTet r aDat a provides a static method cr eat e which can be used
to create a matching data field, e.g., an object of type HxTet r aScal ar Fi el d3, from an existing
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instance of HxTet r aDat a. The HxTet r aDat a object will not be copied but will be directly put
into the field object. Therefore it may not be deleted afterwards. Also see Section 5.2.1.

5.4 Unstructured Hexahedral Data

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

In the following two sections we introduce the grid class HxHexaGr i d before discussing the corre-
sponding fi eld classesand the interface HxHexaDat a.

541 Hexahedral Grids

Hexahedral grids in amira are implemented by the class HxHexaGr i d and its base class HexaGri d.
Looking at the reference documentation of HexaGr i d we observe that a hexahedral grid essentially
consists of a number of dynamic arrays such as poi nt s, hexas,ormat eri al I ds.

e The poi nt s array is a list of all 3D points contained in the grid. A single point is stored as an
element of type McVec 3f . This class has the same layout as the Open Inventor class SbVec 3f .
Thus, a pointer to McVec 3f can be cast to a pointer to SbVec 3f and vice versa.

e The hexas array describes the actual hexahedra. For each hexahedron the indices of the eight
points and the indices of the six faces it consists of are stored. The numbering of the points is
shown in Figure 5.3. Degenerate cells such as prisms or tetrahedra may be defined by choosing
the same index for neighboring points.

e Themat eri al | ds array contains 8-bit labels, which assign a material identifier to every hex-
ahedron. Like the case of label fields or surfaces, the set of possible material identifiers is stored
in the parameter list of the grid data object.

The three arrays, poi nt s, hexas, and mat eri al | ds, must be provided by the "user’. The faces
of the grid are stored in an additional array called f aces. This array can be constructed automatically
by calling the member method cr eat eFaces. This method computes the faces from scratch and
sets the face indices of all hexahedra defined in hexas.

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

Also note that, although non-conformal grids are allowed, i.e., grids with hanging nodes on edges
and faces, currently the method createFaces does 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 between such cells are considered to be external
cells.

5.4.2 Data Defi ned on Hexahedral Grids

In most applications, you will not only have to deal with a single hexahedral grid, but also
with data fields defined on it, for example scalar fields (e.g. temperature) or vector fields
(e.g., flow velocity). amira provides special classes for these data modalities, namely
HxHexaScal ar Fi el d3, HxHexaVectorFi el d3, HxHexaConpl exScal ar Fi el d3,
HxHexaConpl exVect or Fi el d3,and HxHexaFi el d3 (see class hierarchy in Section 5.1.1).

Like for fields defined on tetrahedral grids, the actual information is stored in a special member variable
called data, which is of type HxHexaDat a. HxHexaDat a is a so-called interface, i.e. derived from
HxI nt er f ace. The data variable provides transparent access to data fields defined on hexahedral
grids regardless of the actual number of data components the field has. In order to access the interface
without knowing the actual type of input object within a module, you may use the following statement:

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

Data on hexahedral grids must always be of type f | oat. The data values may be stored in three
different ways, indicated by the encoding type defined in HxHexaDat a:

o PER_HEXA: One data vector is stored for each hexahedron. The data are assumed to be constant
inside the hexahedron.

e PER VERTEX: One data vector is stored for each vertex of the grid. The data are interpolated
trilinearly inside a hexahedron.
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e PER HEXA_VERTEX: Eight separate data vectors are stored for each hexahedron. The data are
also interpolated trilinearly.

The last encoding scheme is useful for modeling discontinuous fields. In order to evaluate a field at an
arbitrary location in a transparent way, amira’s procedural data interface should be used. This interface
is described in Section 5.5.1.

Like HxLat t i ce3, the class HxHexaDat a provides a static method cr eat e which can be used
to create a matching data field, e.g., an object of type HxHexaScal ar Fi el d3, from an existing
instance of HxHexaDat a. The HxHexaDat a object will not be copied but will be directly put into
the field object. Therefore it may not be deleted afterwards. Also see Section 5.2.1.

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 fi elds
e coordinate systems and transformations of spatial data objects
e defi ning parameters and materials in data objects

5.5.1 Procedural Interfacefor 3D Fields

The internal representation of a data field very much depends on whether the field is defined on a
regular, tetrahedral, or hexahedral grid. There are even data types such as HxAnnaScal ar Fi el d3
or HxAnnaVect or Fi el d3 for fields that are defined by an analytical mathematical expression. To
allow for writing a module which operates on any scalar field without having to bother about the
particular data representation, a transparent interface is needed. One could think of a function like

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

For the sake of efficiency, a slightly different interface is used in amira. Evaluating a field defined
on tetrahedral grid at an arbitrary location usually involves a global search to detect the tetrahedron
which contains that point. The situation is similar for other grid types. In most algorithms, however,
the field is typically evaluated at points not far from each other, e.g., when integrating a field line.
To take advantage of this fact, the concept of an abstract Locat i on class has been introduced. A
Locat i on describes a point in 3D space. Depending on the underlying grid, Locat i on may keep
track of additional information such as the current grid cell number. The Locat i on class provides
two different search strategies, a global one and a local one. In this way performance can be improved
significantly. Here is an example of how to use a Locat i on 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 a location is created by calling the virtual method cr eat eLocat i on of the field to be evaluated.
The two methods, | ocat i on- >set (pos) and | ocat i on- >npve( pos), both take an array of
three floats as argument, which describe a point in 3D space. The set method always performs a
global search in order to locate the point. In contrast, move first tries to locate the new point using a
local search strategy starting from the previous position. You should call nove when the new position
differs only slightly from the previous one. Both set and nove may return 0 in order to indicate that
the requested point could not be located, i.e., that it is not contained in any grid cell.

In order to locate the field at a particular location, fi el d- >eval ( | ocation, &val ue) is
called. The result is written to the variable pointed to by the second argument. Internally the eval
method does two things. First it interpolates the field values, for example, using the values at the
corners of the cell the current point is contained in. Secondly, it converts the result to a float value if
the field is represented internally by a different primitive data type.

5.5.2 Transformations of Spatial Data Objects

In amira, all data objects which are embedded in 3D space are derived from the class
HxSpat i al Dat a defined in the subdirectory ker nel / Ami ra (see class hierarchy in Section
5.1.1). On the one hand, this class provides a virtual method get Boundi ngBox which derived
classes should redefine. On the other hand, it allows the user to transform the data object using an
arbitrary geometric transformation. The transformation is stored in an Open Inventor SoTransform
node. This node is applied automatically to any display module attached to a transformed data object.

In total there are three different coordinate systems:

e The world coordinate system is the system the camera of the 3D viewer is defined in.

e The table coordinate system is usually the same as the world coordinate system.
However, it might be different if special modules displaying, for example, the ge-
ometry of a radiotherapy device is used.  These modules should call the method
HxBase: : useWbr | dCoor ds with a non-zero argument in their constructor. Later they may
then call the method HxCont rol | er: : set Wor | dToTabl eTr ansf or mof the global ob-
jectt heControl | er. In this way they can cause all other objects to be transformed simulta-
neously.

o Finally, the local coordinate system is defined by the transformation node stored for objects of
type HxSpat i al Dat a. This transformation can be modified interactively using the transfor-
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mation editor. Transformations can be shared between multiple data objects using the method
HxBase: : set Control | i ngDat a. Typically, all display modules attached to a data ob-
ject will share its transformation matrix, so that the geometry generated by these modules is
transformed automatically when the data itself is transformed.

The transformation node of a spatial data object may be accessed using the SoTr ansf or n¥
HxSpat i al Dat a: : get Tr ansf or n{) method, which may return a NULL pointer when the data
object is not transformed.

Often it is easier to use HxSpat i al Dat a: : get Transf or m( SbMat ri x& matri x) instead,
which returns the current transformation matrix or the identity matrix when there is no transformation.
This matrix is to be applied by multiplying it to a vector from the right-hand side. It transforms vectors
from the local coordinate system to the table or world coordinate system.

If you want to transform table or world coordinates to local coordinates, use
HxSpat i al Dat a: : get |l nverseTransform( SbMatrix& matrix). For example,
consider the following code which transforms the lower left front corner of object A into the local
coordinate system of a second object B:

float bbox[6];

SbVec3f originWorld,originB;

SbMatrix matrixA, inverseMatrixB;

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

SbVec3f origin(bbox[0],bbox[1],bbox[2]);

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

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

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

Instead of this two-step approach, the two matrices could also be combined:

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

allInOne.multVecMatrix(origin,originB);

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

SbMatrix alllnOne = inverseMatrixB;
alllnOne_multLeft(matrixA);

allInOne.multVecMatrix(origin,originB);
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Since the transformation could contain a translational part, special attention should

be paid when directional vectors are transformed. In this case the method
HxSpat i al Dat a: : get Transf ornNoTr ansl ati on( SbMatri x& matri x) should
be used.

5.5.3 Parametersand Materials

For every data object an arbitrary number of attributes or parameters can be defined. The parameters
are stored in a member variable par anet er s of type HxPar anBundl e. The header file of the
class HxPar anBundl e is located in the subdirectory ker nel / am r anesh.

HxPar anBundl e is derived from the base class HxPar anBase. Another class derived from
HxPar amBase is HxPar anet er. This class is used to actually store a parameter value. A pa-
rameter value may be a string or an n-component vector of any primitive data type supported in amira
(byte, short, int, float, or double). The bundle class HxPar anBundl e may hold an arbitrary number
of HxPar anBase objects, i.e., parameters or other bundles. In this way parameters may be ordered
hierarchically.

Many data objects such as label fields, surfaces, or unstructured finite element grids make use of the
concept of a mat eri al list. Material parameters are stored in a special sub-bundle of the object’s
parameter bundle called Materials. In order to access all material parameters of such an object, the
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 class HxPar anBundl e provides several methods for looking up parameter values. All these
find-methods return 0 if the requested parameter could not be found. For example, in order to retrieve
the value of a one-component floating point parameter called Transparency, the following code may
be used:

float transparency = 0;
if (Imaterial->findReal (""Transparency",transparency))
theMsg->printf("'Transparency not defined, using default™);

In order to add a new parameter or to overwrite the value of an existing one, you may use one of several
different set-methods, for example:

material->set("'Transparency", transparency);
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Many modules check whether a color is associated to a particular *material’ in the material list of a
data object. If this is not the case, the color or some other value is looked up in the global mate-
rial database amira provides. This database is represented by the class HxMat Dat abase defined
in kernel / Ami ra. It can be accessed via the global pointer t heDat abase. Like an ordinary
data object, the database has a member variable par anet er s of type HxPar anBundl e in order
to store parameters and materials. In addition, it provides some convenience methods, for example
get Col or (const char* nane), which returns the color of a material, defining a new one if the
material is not yet contained in the database.
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Chapter 6

Documentation of Modulesin
Developer Pack

Developer Pack allows the user to write the documentation for his own modules and integrate it into
the user’s guide. For this, in the package directory a subdirectory named doc must be created, e.g.,

AM RA_ROOT/ sr ¢/ nypackage/ doc.

The documentation must be written in amira’s native documentation style. The syntax is bor-
rowed from the Latex text processing language. Documentation files can easily be created by the
cr eat eDocFi | e command. To create a documentation template for MyModul e, type

MyModul e creat eDocFil e

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

AM RA_ROOT/ sr ¢/ nypackage/ doc.

The file MyModul e. doc already provides the skeleton for the module description and includes the
port snapshots.

The command cr eat ePor t Snaps only creates the snapshots of the module ports. This is useful
when the ports have changed and their snapshots must be updated in the user’s guide.

6.1 Thedocumentation fi le

Here, the basic elements of a documentation file are presented.



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

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

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

\begin{hxconnections}
\hxlabel{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 starts with
\begin{hxmodule}{name}
This is a hxnodul e description. Others are also available:

\begin{hxmodule2}{name}{short description to appear in the table of modules}
\begin{fileformat}{name}

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

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

The file always must be closed by the corresponding end command.
More commands Other formats allow to format and structure the documentation:
e \begin{item ze}
\item This is an enuneration,
and each itemstarts with the key word item
\end{item ze}
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 processor LaTeX. They must be written in the Latex
syntax. This requires that LaTeX and Ghostscript be installed on the user’s system. The following
environment variables need to be set:

e DOC2HTM._LATEX points to the LaTeX executable
e DOC2HTM._DVI PS poi nt s to the dvi to PostScript converter (dvips)
e DOC2HTM__GS points to Ghostscript

6.2 Generating the documentation

All documentation files must be converted to HTML files and copied into the user’s guide. For this
purpose, the program doc2ht ml is provided. Run this program from a command shell with the
following option:

doc2htm -a

This converts the documentation and copies the HTML files to the appropriate places in the
AM RA_ROOT/ shar e/ doc/ user sgui de directory. Call doc2ht m without option to get a com-
plete list of options.
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Chapter 7

M iscellaneous

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

e Import of time-dependent data, including the use of HxPor t Ti ne

e Important global objects, such ast heMessage and t heWor kAr ea
e Save-network issues, making save-network work for custom modules
e Troubleshooting, providing a list of common errors and solutions

7.1 Time-Dependent Data And Animations

This section covers some more advanced topics of Developer Pack, namely the handling of dynamic
data sets and the implementation of animated compute tasks. Before reading the section you should at
least know how to write ordinary 10 routines and modules.

711 Time SeriesControl Modules

In general, the processing of time-dependent data sets is a challenging task in 3D visualization. Usually
not all time steps of a dynamic data series can be loaded at once because of insufficient main memory.
Even if all time steps would fit into memory it is usually not a good idea to load every time step as
a separate object in amira. This would result in a large number of icons in the Pool. The selection
between different time steps would become difficult.

A better solution comprise special-purpose control modules. An example is the time series control
module described in the user’s guide. This module is created if a time series of data objects each
stored in a separate file is imported via the Load time series... option of the main window’s file menu.



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

If you want to support a file format where multiple time steps are stored in a common file, you can
write a special time series control module for that format. For each format a special control module is
needed because seeking for a particular time step inside the file of course is different for each format.
For convenience, you may derive a control module for a new format from the class HxDynamicData-
Control contained in the package hxtime. This base class provides a time slider and a virtual method
newTi meSt ep(i nt k) which is called whenever a new new time step is to be loaded. In contrast
to the standard time series control module in most other control modules data objects should be cre-
ated only once. If a new time step is selected existing objects should be updated and reused instead of
replacing them by new objects. In this way the burden of disconnecting and reconnecting down-stream
objects is avoided.

7.1.2 TheClassHxPortTime

In principal, an ordinary float slider (HxPortFloatSlider) can be used to adjust the time of a time series
control module or of some other time-dependent data object. However, in many cases the special-
purpose class HxPortTime defined in the package hxtime is more appropriate. This class can be used
like an ordinary float slider but it provides many additional features. The most prominent one is the
possibility to auto-animate the slider. In addition, HxPortTime can be connected to a global time object
of type HxTime. In this way multiple time-dependent modules can be synchronized. In order to create
a global time object, choose Time from the main window’s Create menu.

Another feature of HxPortTime is that the class is also an interface, i.e., it is derived from HxInterface
(compare Section 5.1.2). In this way it is possible to write modules which can be connected to any
object containing an instance of HxPortTime. An example is the DisplayTime module. In order to
access the time port of a source object the following C++ dynamic cast construct should be used:

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

In the previous section we discussed how time-dependent data could be imported using special-purpose
control modules. Another alternative is to derive a time-dependent data object from an existing static
one. An example of this is the class MyDynamicColormap contained in the demo package of Devel-
oper Pack. Looking at the header file packages/ nypackage/ MyDynani cCol or map. hinthe
local amira directory you notice that this class is essentially an ordinary colormap with an additional
time port. Here is the class declaration:

class MYPACKAGE_AP1 MyDynamicColormap : public HxColormap

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

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

// The time slider
HxPortTime portTime;

// Implements the colormap
virtual void getRGBAl1(float u, float rgba[4]) const;

The implementation of the dynamic colormap is very simple too (see the file
MyDynami cCol or map. cpp). First, in the constructor the time slider is initialized:

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

The first line indicates that the slider should go from 0 to 1. The increment set in the next line defines
by what amount the time value should be changed if the backward or the forward button of the slider
is pressed. The next line unsets the discrete flag. If this flag is on, the slider value always would be
an integer multiple of the increment. Finally, the so-called real-time factor is set. Setting this factor
to a non-zero value implies that the slider is associated with physical time in animation mode. More
precisely, the number of microseconds elapsed since the last animation update is multiplied with the
real-time factor. Then the result is added to the current time value.

In order to see the module in action compile the demo package, start amira (use the - debug option if
you compiled in debug mode), and choose DynamicColormap from the main window’s Create menu.
Attach a DisplayColormap module to the colormap and change the value of the colormap’s time slider.
Animate the slider. The speed of the animation can be adjusted by resetting the value of the real-time
factor using the Tcl command Dynami cCol ormap ti me set Real Ti meFact or.

7.1.3 Animation Via Time-Out Methods

In some cases you might want certain methods to be called in regular intervals without using a time
port. There are several ways to do this. First, you could use the Open Inventor class SbTi mer Sensor
or related classes. Another possibility would be to use the Qt class QTi ner (this requires that you
install the correct version of the Qt library in addition to Developer Pack on your system). However,
both methods have the disadvantage that the application can get stuck if too many timer events are
emitted at once. In same cases it could even be impossible to press the stop button or some other button
for turning off user-defined animation. For this reason amira provides its own way off registering
time-out methods. The relevant methods are implemented by the class HxCont r ol | er . Suppose,
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you have written a module with a member method called t i meQut . If you want this method to be
called automatically once in a second, you can use the following statement:

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 of an amira object class, you can also register an arbitrary static
function using the method addTi meQut Funct i on of class HxCont r ol | er . The corresponding
remove method is called r enroveTi neCut Functi on. For more information, see the reference
documentation of HxCont r ol | er.

The Developer Pack demo package contains the module My Ani nat eCol or map which makes use
of the above time-out mechanism. The source code of the module again is quite easy to understand.
After compiling the demo package, you can attach to module under the name DoAnimate to an existing
colormap. The colormap then is modified and copied. After pressing the animate toggle of the module
the output colormap is shifted automatically at regular intervals. Note that in this example the fi r e
method of the module is used as time-out method. f i r e invokes the modules conput e method and
also updates all down-stream objects.

7.2 Important Global Objects

Beside the base classes of modules and data objects, there are some more classes in the amira kernel
that are important to the developer. Many of these classes have exactly one global instance. A short
summary of these global objects is presented here. For details, please refer to the online reference
documentation by looking at the file shar e/ pr ogr ammer sgui de/ i ndex. ht 1 in the amira
root directory.

HxMessage: This class corresponds to the amira console window in the lower right part of the screen.
There is only one global instance of this class, which can be accessed by t heMsg. All text output
should go to this object. Text can be printed using the functiont heMsg- >print f (" yee )y
which supports common C-style pr i nt f syntax. HxMessage also provides static methods for pop-
ping up error and warning messages or simple question dialogs.

HxObjectPool: This class maintains the list of all currently existing data objects and modules. In
the graphical user interface the Pool is represented by the upper area in the main window containing
the modules’ and data objects’ icons. There is only one global instance of this class, which can be
accessed by the pointer t heObj ect Pool .

HxWorkArea: This class displays the ports of selected objects in the Properties Area and provides the
progress bar and busy-state functionality. Important functions are st ar t Wor ki ng, st opWér ki ng,
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was| nt er r upt ed as well as busy and not Busy. There is only one global instance of this class,
which can be accessed by the pointer t heWbr kAr ea.

HxFileDialog: This class represents the file browser used for loading and saving data. Normally the
developer does not need to use this class since the standard 1/0 mechanism is completely implemented
in the amira kernel. However, for special purpose modules, a separate file browser might be useful.
There is a global instance of this class, which can be accessed by the pointert heFi | eDi al og.

HxResource: This class maintains the list of all registered file formats and modules as defined in the
package resource files. It also provides information about the amira root directory, the local amira
directory, the version number, and so on. Normally there is no need for the developer to use this class
directly. There is no instance of this class, since all its members are static.

HxViewer: This class represents an amira 3D viewer. There can be multiple instances which are
accessed via the method vi ewer of the global objectt heCont r ol | er . Normally you will not not
need to use this class. Instead, you should use the member functions showGeomand hi deGeom
which every module and data object provides in order to display geometry.

HxController: This class controls all 3D viewers and Open Inventor geometry. In 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 to be retrieved. In total there may be up to
16 different viewers. The second argument specifies whether the viewer should be created or not if it
does not already exist.

HxColorEditor: amira’s color editor. Used, for example, to define the background color of
the viewer. In a standard module you should use a port such as HxPort Col or Li st or
HxPor t Col or Map instead of directly accessing the color editor. There is a global instance of this
class, which can be accessed by the pointer t heCol or Edi t or .

HxHTML: A window used to display HTML files. This class is used for amira’s online help. The
global instance used for displaying the online user’s guide and the online programmer’s guide can be
accessed by the pointer t heBr owser .

HxMatDatabase: This class represents amira’s global parameter and material database. For example,
the database contains default colors for a number of biomedical tissue types such as fat, muscle, and
bone. The database can be accessed by the global pointer t heDat abase. Details about the material
database are discussed in Section 5.5.3.

7.3 Save-Network |ssues

This section describes the mechanism used in amira to save networks. For most modules this is done
transparently for the developer.

The menu command “Save Network” dumps a Tcl script that should reconstruct the current network.
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Figure 7.1: When loading this network, the Resample module recreates the lobus.Resampled data object on the fly.

Essentially this is done by writing a |l oad ... command for each data object, a create ...
command for each module and set Val ue ... commands for each port of a module.

This suffices to reconstruct the network correctly if all information about a module’s state is kept in
the module’s ports only. If this is not the case, e.g., if the developer uses extra member variables that
are important for the modules current state, those values are not restored automatically. If you cannot
avoid this, you must extend the ‘Save Network’ functionality of your module. In order to do so, you can
override the virtual function savePor t s so that it writes additional Tcl commands. For example, let
us take a look at the HxAr bi t r ar yCut class, which is the base class e.g., for the Gbl i queS| i ce
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(Q[0], originQQ[1], originQ[2],
uVec(Q[0]1, uvecQI[1], uvecQIl2],
wec(Q[0], wecQI1]l., wecQI2D;
3

Note that this method requires that HxAr bi t r ar yCut or some of its parent classes implement the
Tcl command set Pl ane. Hints about implementing new Tcl commands are given in Section 4.2.2.

Some remarks about how to generate the load command for data objects are given in Section 3.2.

There is a special optimization for data objects created by computational modules. amira automati-
cally determines whether data objects which are created by other modules are not yet saved and asks
the user to do so if necessary. However, in some cases, this may not be desired, since saving the data
object consumes disk space and regenerating can sometimes be nearly as fast as loading the object
from disk. As an example, consider the network in figure 7.1. In this case the resample module can
automatically recompute the | obus. Resanpl ed data object when the network is loaded. In order
to determine whether a compute module is able to do so, the module must implement the functioni nt
HxResanpl e: : canCr eat eDat a( HxDat a* data, MString& creat eCnd). This func-
tion is called whenever a network containing newly created data objects is saved and these objects
have not yet been saved but are still connected to a compute module. The method should return 1 if
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the compute module is able to recreate that particular data object. In this case the corresponding Tcl
command should be stored in the string cr eat eCnd. When executed, the Tcl command should return
the name of the newly created data object.

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

In order to implement this behavior, most compute modules use a flag that they set when they create
a data object and which they clear when the module’s updat e() method is called, indicating that
some input has changed. In order to check whether the data object was edited, the data object’s
t ouchTi e variable is saved. t ouchTi ne 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 problems and some general problem solving ap-
proaches related to amira development.

The section is divided into two parts: Problems which may occur when 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 statements. In amira, most classes have their own header file (.h file)
containing the class declaration. You must include the class declaration for each class that you are
using in your code. When you get strange error messages that you do not understand, check whether
all classes used in the neighborhood of the line the compiler complains about have their corresponding
include statement.

Unresolved symbols: If the linker complains about unresolved symbols, you probably are missing a
library on your link line. The amira development wizard makes sure that the amira kernel library and
important system libraries are linked. If you are using amira data classes, you will need to link with
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the corresponding package library hxfi el d, hxcol or, hxsur f ace, and so on. To add libraries
to your link line on Unix, edit the GNUmakef i | e, find the line starting with LI BS += ..., and
append - | <name>, where <nane> is the name of the package you want to add. On Windows, use
Visual Studio’s project settings dialog. Details are given in Section 1.5.

7.4.2 Run-Time Problems

The module does not show up in the popup menu: If your module did compile, but is not visible
in the popup menu of a corresponding data object, there is probably a problem with the resource file.
The resource file will be copied from your package’s shar e/ r esour ces directory to the directory
shar e/ r esour ces in your local amira directory. Verify that this worked. Note: Currently on
Windows, the resource files are copied in a post link step. Therefore, if you change the resource file
after linking, you must build the package again, e.g., by changing one of the source files.

If the resource file is present, the next step is to check whether it is really parsed. Add a line
echo "hell o nypackage" to the resource file. Verify that the message appears in the amira
console when amira starts. If not, probably the environment variable AMIRA_LOCAL is not set
correctly.

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

There is an entry in the pop-up menu, but the module is not created: Probably something is wrong
with the shared library (the .so or .dll file). In the amira console, type dso ver bose 1 andtry to
create the module again. You will see some error messages, indicating that either the dll is not found,
or that it cannot be loaded (and why) or that some symbol is missing. Check whether your building
mode (debug/optimize) and execution mode are the same. In particular, if you have compiled debug
code you must start amira using the - debug command line option (see Section 1.5).

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 that your save-file format shows up in the file
format list when saving the corresponding data object. For a load method, right click on a filename in
the load-file dialog. Choose format and check whether your format appears in the list. If that is the
case, you probably have a dll problem. Follow the steps above. If the library can be loaded, but the
symbol cannot be found, your method may have either a wrong signature (wrong argument types) or
on Windows you might have forgotten the <PACKAGE>_API macro. This macro indicates that the
routine should be exported by the DLL.

In general, if you have problems with unresolved and/or missing symbols
you should take a look at the symbols in your library. On Unix, type nm
i b/ arch-*-Debug/|i bnypackage. so. On Windows, type in a command shell: dunpbi n
[ exports bin/arch-Wn32VC7- Debug/ nmypackage. dl | .
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7.4.3 Debugging Problems

Setting breakpoints does not work: Since amira uses shared libraries, the code of an individual
package is not loaded even after the program has started. Therefore some debuggers refuse to set
breakpoints in such packages or disable previously set breakpoints. To overcome this problem, first
create your module and then set the breakpoint. If you want to debug a module’s constructor or a read
or write routine, of course, this does not work. In these cases, load the library by hand, by typing into
the amira console dso open | i brmypackage. so (if your package is called mypackage). Then
set the breakpoint and create your module or load your data file.
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