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Abstract

ITK [1] is a huge image analysis library, which contains lots ofestd the arts algorithms implementa-
tions. However, using it in C++ can be difficult and is defirety bad suited for prototyping. WraplTK
aims to allow classes from ITK (and custom, classes thatdntevith ITK) to be "wrapped” for use with
languages like Pythor?], Tcl [3], and Java{].
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1 Introduction

WraplITK is a project designed to allow classes from ITK (aodtom, classes that interact with ITK) to be
"wrapped” for use with languages like Pytha?],[Tcl [3], and Java4].

Note that ITK already has a wrapping infrastructure, and WeapITK is based on it, and use the same
tools: CMake 5], GCC-XML [6] and CableSwi§[8]. This project aims to address the following deficits of
the existing wrappers (and others):

e ITK is a huge library, but only a small number of classes agelalle in target languages. It become
quickly frustrating for the user, especially when he haspersl lot of time to extend the current set
of classes. Even if it is not yet complete, the WraplTK’s detlasses have been highly extended.
Moreover, the user can choose at build time which types aridnddimensions he want to wrap.

e The template arguments set is poorly chosen, making sometipossible to create a pipeline. In
WraplITK, most of the filters have the same input and outpuesy@nd only a few filters allow to
change type. This make the types manipulated by filters mamsistent, and the user should always
be able to build his pipeline.

e Lots of types returned by ITK object’s methods are not usabtarget languages. For example, the
Cet Pi xel () method of the clasbt k: : | mage returns a string describing a pointer, but don’t return
the pixel value. In WrapITK, most types used in classes aaéable in target languages.

1cableSwig is based on a now quite old version of SWI [



e Names in target languages are inconsistent. WrapITK usecasaming convention which should
make easier to identify the template arguments.

e The ITK wrapping system is difficult to understand and mamt&VraplTK was written - and thor-
oughly documented - to be as easy as possible to understaimtaim, and extend.

e Itis non-trivial to add wrappers for different ITK classeghe system. In WraplTK, adding a wrapper
can be as simple as adding a single file containing a few veglinchented cmake macros.

e Itis difficult if not impossible to add original-style ITK vappers for external C++ classes that interact
with ITK. WraplTK provides explicit hooks for external C+asses to be wrapped and even installed
in the WraplITK tree so that they interact seamlessly withatier wrapped classes.

e The python’sl nsi ght Tool kit module is only structured as a big list of names. It make itlgea
unusable in the python interpreter. WrapITK comes with a meN designed python module easy to
use in interpreter, and providing run-time lookup of tenw@dthtypes - thing which can'’t be easily done
in C++. Additionally, WrapITK ensures th&nart Poi nt er s are always returned and acceptable as
input, so no bare pointers are ever exposed to Python. Thistithe case in the standard ITK
wrappers.

e ITK was broken on MacOS X9 with python.

Currently, WrapITK have been tested on Mandriva Linag][ and MacOS X, and only supports Python
properly; Java and Tcl libraries build correctly but thealand Tcl support classes for loading these libraries
is entirely out of date and is not working.

The article you're reading is not as nice and complete thaat wie would have done, but it seems important
to us to release our work and to get feedbacks as soon as lgosHEite article will continue to evolve with
WrapITK.

2 User guide

2.1 |Installation
Get the software

A tarball archive is submitted with the article.

To get the last version from the darcs repository can be wobthi with the command
darcs get http://voxel.jouy.inra.fr/darcs/contrib-itk/ WaplTK/ .

For the user who don't want to use darddl][ but want the last development version, a nightly updated
archive is available dtt t p: // voxel . jouy.inra.fr/darcs/contrib-itk/Wapl TK/ Wapl TK. tar. gz.

RPM packages for Mandriva Linux 2006 are availablétatp: / / voxel . jouy.inra. fr/ mk/ m ma2.

CableSwig

WraplITK requires ITK and CableSwig to have been previousiywmoaded and built. To get CableSwig,
simply run:cvs -d: pserver: anonymous@ubl i c. ki tware. com/cvsroot/ Cabl eSwi g co Cabl eSw g
(Note that no cvs login is needed here.)


http://voxel.jouy.inra.fr/darcs/contrib-itk/WrapITK/WrapITK.tar.gz
http://voxel.jouy.inra.fr/mdk/mima2
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If you check out CableSwig into thiensi ght/ Uil ities directory, then it will be built as a part of ITK,
and will be automatically detected by WrapITK when ITK is ol

Required and optional patches

WrapITK will work properly with the ITK 2.6.0 release.

There are some optional patches to the ITK sourcd apl TK/ pat ches/ opti onal which can be applied
to version 2.6.0. These optional patches provide bettgo@tiffor python by providing some methods like
__str__, or methods for standard python sequence interface (see)el

Build options

After CableSwig and ITK have been (possibly patched) antd, tnwiilding Wrapl TK with cmake is simple.
Runccreke in a new directory with the path to the WrapITK source treehasfirst argument, and provide
the locations of the ITK and CableSwig build trees if ccmakerequests. Build options are relatively
self-explanatory.

The project is provided with defaults build option which altbOK for most of users. However, for specific
needs, you might want to change those options:

e V\RAP_TEMPLATE_ | F_DI MS is the list of dimensions which will be available in the tar¢ggnguages.
The dimensions must be separated by a semicolprBfy default dimensions 2 and 3 are available.

e \RAP covari ant _vect or _doubl e, OFF by default.
e \RAP covariant _vector float, ONby default.
e \RAP_doubl e OFF, by default.

e \RAP float ON, by default. Note that it is the only signed type selected &fadlt, so you will have
to use floats to manipulate signed values.

e \RAP rgb_unsi gned_char, ON by default.

e VWRAP rgh _unsi gned_short, OFF by default.
e \RAP si gned_char, OFF by default.

e \RAP_si gned_I ong, OFF by default.

e \RAP_si gned_short, OFF by default.

e \RAP unsi gned_char, OFF by default.

e \RAP_unsi gned_| ong, OFF by default. Some filters, lik#at er shedl mageFi | t er require this type.
Some filters to return to a wrapped type framsi gned | ong are provided, even if this option is set
to OFF.

e \RAP_unsi gned_short, ONby default.unsi gned short isthe only integer type available by default.
This type have been choose rather thasi gned char to be able to manipulate 8-bits as well as 16-
bits images, and to be able to manipulate labeled images thane255 labels. It is still possible to
save images with thensi gned char type, even if\RAP_unsi gned_char is set toOFF.
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e \RAP_vect or _doubl e, OFF by default.
e \RAP vector _fl oat, ON by default.

The user should modify those options carefully: activateha types, and/or add lots of dimensions will
produce very large binary files which will take lots of memaryce loaded.

Note that each individual filter that is wrapped can declatlectv dimensions it should be wrapped for,
and what image types it can accept. For example, a filter adeiddare that it should only be wrapped for
3D images with floating-point typed pixels. In this case,ntlverappers will only be created if the user
has selected to build 3-dimensional image wrappers anddiasted one or more floating point types (e.qg.
double or float) in ccmake. Thus, the ccmake configuratiocips the maximum possible range of image
and filter types to be created, and each filter is wrapped fmessubset of that range.

Project should always be built outside the source directargbui | d directory for example.

Install WrapITK or use it in the build tree

Once built, WrapITK can be installed or used in place.

2.2 Python usage
Configuring python and importing the libraries

If WraplTK has been installed, then using it from within pgthis trivial: simply issue the command
inport itk, and you are ready to go. This is because WrapITK installptan file in the python
si t e- packages directory so that python knows where to find the itk scripts.

On linux boxes however, the user have to setltBel| BRARY PATH to point to libSwigRuntime.so. For
exampleexport LD LI BRARY _PATH=/ usr/|i b/ I nsi ght Tool ki t/ W apl TK/ Pyt hon- SW G.

If WrapITK has not been installed, then you will either needsét thePYTHONPATH environment variable
to contain the directorypat h-t o- Wapl TK- bui | d/ Pyt hon, add this path tgys. pat hs within python, or
start python from that directory. After thispport it k will work properly.

Template usage

Most class in the itk python module are "template proxy @asshat encapsulate all of the template instan-
tiations that were created at build time. If three-dimenalainsi gned char andunsi gned short image
types were created, they can be accessed as follows:

e itk.lmge[itk.UC 3]
e itk.Image[itk.US, 3]

Note that the C typansi gned char is given withi t k. UC, andunsi gned short withitk. US.

The template parameters can also be put in a variable, ataré@once in a script:
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dim=3
pi xel Type = itk.UC
i mgeType = itk.|nmage[ pi xel Type, din

i mge = imageType. New()

This construction is similar to what is done in C++, and makeaisy to change the dimension used for
example - it can even be changed at run-time.

A more convenient syntax for usage in interpreter is alsdaaivie:

e itk.Inmage. UC3
e itk.Inmage. US3

i tk. |l mge. UC3 refere to the same class thatk. | mage[itk. UC, 3] but have the advantage to allow to
use the tab-completion in the interpreter, and so let the esgly know which template arguments he can
use. However, this notation is more rigid than the one abodeveon't let the user specify the type and the
dimension used in a single place, and thus, should be useroimiterpreter.

Filters templated on images can be similarly accessed:

e itk.InageFil eReader[itk. | mage[itk.UC, 3]]

oritk.lmageFi| eReader[itk. | mge. UC3]

oritk. I mageFi | eReader. | UC3

oritk.l mgeFi | eReader[i mageType]

or even with an instance of the class used as template paamiegh. | mageFi | eReader [ i mage] .

This makes it easy to write generic routines which can deéh any input image type. For example, a
function which take an image as parameter and write it to aMilbout having to give the image type can
be:

def wite( image, fileNane ) :
witer = itk.InmageFileWiter[ image ].New()
witer.SetFileName( fileNanme )
writer. Setlnput( imge )
writer. Update()

The New() method

Lots of classes have l&ew() method which returns a smart pointer to that class. W& ) method in
python has some additional features:

e Arguments to the new method are assumed to be filter inputgo@acould write:
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adder = itk.AddlmageFilter[...].New)

adder. Set I nput 1( readerA Get Qutput() )

adder. Set I nput 2( readerB. Get Qutput () )

or you could write

adder = itk. AddlmageFilter[...].New( readerA GetQutput(), readerB. CetQutput() )
or even

adder = itk.AddlmageFilter[...].New readerA readerB)

In that caseNew will use theGet Qut put () method of the object, if it exist, to get the image and set
the inputs of the new filter.

Additionally, keyword arguments are allowed as well. Keysvarguments cause the corresponding
Set... method to be called, so you could write the following:

itk.lmageFileWiter[inage]. New(inage, FileName="foo.tif")
or

itk.lmageFileWiter[inmage]. New(|nput=image, FileName="foo.tif")

With that notation, thew i t e function becomes more simple:

def

wite( image, fileNane ) :
witer = itk.lmgeFileWiter[ inage ].New( inage, FileNanme=fileNane )
writer. Update()

and, more important, most of classes can be instantiategpaaanetered in one line, which make ITK less
verbose, and a lots more easy to use in the interpreter.

Python sequences and ITK

To set the radius of &kdi anl mageFi | t er object, for example, the user have to creat® ze object and
use it as argument of tHget Radi us() method.

12>

13>

14>

15>

radius = itk.Size[2]()
radi us. Set El ement (0, 3)
radi us. Set El ement (1, 5)

medi an. Set Radi us(radi us)

Note that theSet El ement () method doesn't check the bound of the object, and thus ifeinshe follow-
ing code is executed, and can lead to a segmentation fault.
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16> radi us. Set El emrent (1000, 5)

A more safe and convenient way to do that, if you have ingtahe optional patches, is to use the standard
python list interface.

1
w

17> radi us[ 0]

18> radi us[ 1]

1
ol

This time, a bound check is performed, and the user is nottahlee an invalid index.

20> radius[2] =1
exceptions. | ndexError Traceback (most recent call [|ast)
[ hone/ gl ehmann/ src/ contri b-itk/regi onal Extrema/ <i python consol e>

[ hone/ gl ehmann/ src/contrib-itk/regional Extrema/itkSize.py in __setitem (*args)

I ndexError: [usr/include/lnsightTool kit/Common/itkSize. h: 202:
itk:: ERROR Size: index out of range

Even if it's a safe method, it is still not really convenient.

Instead of usingsi ze object, it is possible to use python sequences, like lististaples.

21> nedi an. Set Radi us([3, 5])

22> nedi an. Set Radi us((3, 5))

Also, with the optional patches, some itk object can be cadedeo python sequences.

22> nedi an. Get Radi us()
22> <C itk::Size<(2)> instance at 58b40f09 p itk SizeT2_ t>

23> |ist(medi an. Get Radi us())
23> [3, 5]

24> tupl e(medi an. Get Radi us())
24> (3, 5)

To set the same radius for all dimensions, it is possible #othis* python sequence operator - that way, it
is possible to write code independent of dimension.

25> medi an. Set Radi us( [3]*2 )
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Or a simple number can also be used.

26> nedi an. Set Radi us( 3 )

Here is the list of itk classes which can currently be subigtdt by python sequences:

Covari ant Vect or
Fi xedArray

[ ndex

O f set

Size

Vect or

Cont i nuous| ndex

Python specific functions in the itk module

Some convenient functions are provided with the itk modiileey all begin with a lower case character to
clearly show they are not part of ITK.

i tk.image(object) try to return an image from the object given in parameter.hé bbject is an
image, it is returned without changes. If the object is arfiltiee object returned bget Qut put ()
method is returned. This function is used in most of the nertfions to allow the user to pass an
image or afilter, and is available here for the same usagenire smustom fuctions.

i tk.range(object) return the range of values of an image in a tuplg.ect can be an image or a
filter. In case of afilteri t k. i mage() is used to get the output image of the filter. The function tgda
the pipeline by callindgjpdat eQut put I nf or mati on() andUpdate() .

This function is only a convenient function for a common tagikle prototyping.
Example:

1> inport itk
2> reader = itk.|mgeFil|eReader.|UC2. New( Fi | eNarme="ct headl. png")

3> itk.range(reader)
3> (0, 255)

i tk.size(object) returnthe size of an imagebj ect can be an image or afilter. In case of afilter,
i tk.imge() isused to get the output image of the filter. The function tevdaly the information of
the pipeline, by callingjpdat eQut put | nf or mat i on(), but don’t trigger a full update of the pipeline.

This function is only a convenient function for a common tadile prototyping.
Example:
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4> jtk.size(reader)
4> <Citk::Size<(2)> instance at _d40b8a09 p itk SizeT2 t>

5> print itk.size(reader)
<Size [256, 256]>

6> list(itk.size(reader))
6> [ 256, 256]

Note that commands 5 and 6 can be used only with the optiotehes

e itk.tenplate(object) returns the template class and parameters of a class ondesté this class.
Example:

7> itk.tenpl ate(reader)
7> (<itkTenplate itk::lmageFil eReader>, (<class 'itklmage.itklmgeUC2' >,))

e itk.wite(object, fileNane) write an image in a file, without having to pass the image type.
obj ect can be an image or afilter. In case of a filigrk. i mage() is used to get the output image of
the filter. The function update the pipeline by calliggdat eCut put | nf or mati on() andUpdate().

This function is only a convenient function for a common tagiile prototyping.
Example:

8> itk.wite(reader, 'out.png’)

e itk.show(), itk.show2D() anditk.show3D() are used to display images.t k. show2DY) re-
quires to have imview][2] installed.i t k. show3D() requires to have Vik for python, ItkVtkGléddor
python, PyQt 13], and iPython 14] installed, and to use iPython with thgt hr ead option.

i tk.show() call the best viewer according to the image type.
i tk.show2D() can be called with a 3D image as parameter to show the imaggelsfislice.
i tk.show3D() display a volumic rendering of the image. See Figlure
e itk.strel(d, s) isused to create a binary ball structuring of dimensicend sizes. Structuring
element support is quite bad currently in WraplTK and shahli@nge in the future. Using k. str el

rather than creating Bi naryBal | St ruct uri ngEl ement directly is recommended to have backward
compatibility when the structuring element type will be ogad.

e itk.auto_progress(b) isused toautomatically add a progress report to all theyewglated filters.
b must beTr ue or Fal se. If b is true, something like

9> medi an. Updat e()
i t kMedi anl mageFi I terl F21 F2: 0.109990

is displayed on the standard output. While prototypings & iconvenient way for the user to know if
the execution time will be short or if he can do something mareful® than waiting for the filter to
complete.

2|tkVtkGlue can be found in thExternal Project directory of WraplTK
3like having a cup of tea
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Figure 1: A screenshot of WrapITK in action with python.

e itk.class_(object) return the class of an object. Thecl ass__ attribute is often not what the
user want with ITKi tk. cl ass_ is a convenient function to get the class of an ITK object.

Note that it is callect| ass_ and notcl ass, becausel ass is a reserved word in python.
Example:

10> nedian. __class__
10> <cl ass "itkMedi anl nageFil ter.itkMedi anl mageFilterl F2I F2_PointerPtr’ >

11> itk. cl ass_( nedi an)
11> <class 'itkMedianl mageFilter.itkMedi anl mageFilterl F2I F2' >

Advanced Features

As an extra bonus, it is possible to view the doxygen docuatiemt for each class as the python docstring.
This string is available as:

print itk.lnage. doc__
or even better (if you use iPython)
itk.lmage?

Several steps are necessary to obtain this nirvana, howevetl, when configuring the build in ccmake, you must set
DOXYGEN_MAN_PATH to some directory where man pages for the ITK classes wilreated. Then, after the build, you
must runmake_doxygen_confi g. py from within thePyt hon directory in the build directory, to collect information
about the wrapped classes and create a doxygen configufisgitmmake these man pages. Finally, run doxygen with
that configuration file. After these three simple steps,sctimcstrings will contain the man page information. Note
that this is limited to systems which support the pytitonmands module, and which havgr of f in the path. This
basically means anything but windowi] will work. (Cygwin should work too.)

In addition (as mentioned above), WraplTK by default ensuhat no bare pointers are ever returned to python:
instead reference-countil®gar t Poi nt er s are used. However, there may be times when extracting gobarter or
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creating a nev@nar t Poi nt er is necessary. To get a bare pointer from a smart pointerheseét Poi nt er () method,
as in ITK proper. To create a new smart pointer, $trar t Poi nt er template proxy class can be used just as above:

smartPtr = itk. SmartPointer[itk.|mage[itk.US, 2]](inmage.GetPointer())
or just
smartPtr = itk. SmartPointer[image] (i mage. Cet Pointer())

i tk module can be very long to import. ThékConfi g module define anport Cal | back method which will be
called when each sub module is imported in the import proclessor t Cal | back can be customized to report the
progress status of the import process. It must be a functiahdan take the name of the library being imported as
a parameter. Here is an example of a very basic callbackitmethich display the name of the submodule being
imported on the standard error output.

inport sys, itkConfig
def stderr_call back(nane):

print >> sys.stderr, nane
itkConfig.InportCallback = stderr_call back
inport itk

2.3 TCL usage

Write me.

2.4 Java usage

Write me.

3 Developer guide

What follows is a brief description of how the WrapITK builgstem works, how it can be extended, and how to write
external projects.

3.1 WrapITK description

Creating a CMakelLists.txt file for a wrapper library

Each WrapITK sub-library (e.gl TKCommonA, or | TKAl gori t hns) lives in a sub-directory of the WrapITK project
(e.g.CommonA or Al gori t hns) with aCMakelLi sts. t xt file that describes how that library and language suppos file
(e.g. python template definitions) is to be created. Morgaugy external project will need a similar file to describe
how to create that library.

SeeSanpl eCMakeli st s. txt in this directory for a description of each macro and optibattcan appear in such a
file. What follows is the usual set of commands that will appea

BEG N WRAPPER LI BRARY("M/Spati al Cbj ect Ext ensi ons")
SET(WRAPPER_LI BRARY_DEPENDS | TKSpat i al Obj ect | TKComonA)
SET(WRAPPER_LI BRARY_LI NK_LI BRARI ES | TKCommon)

WRAPPER LI BRARY_CREATE WRAP_FI LES()

WRAPPER_LI BRARY_CREATE_LI BRARY()
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e BEG N WRAPPER LI BRARY() sets up the environmentto wrap a set of classes into a libvilhya given name.
This macro is defined iGonf i gur eW appi ng. cmake WRAPPER LI BRARY DEPENDS stores the list of WraplTK
libraries on which the current library depends (e.g. whibhdries wrap classes likerage or Spat i al Obj ect,
that are going to be used in the current library). Every proghould at least depend 6mMKConmonA.

e VWRAPPER LI BRARY_LI NK LI BRARI ES stores a set of other libraries to add at link time. This catokeparty
libraries that you will use (be sure to properly $¢0NK DI RECTORI ES in this case), or more commonly, the
ITK libraries that need to be linked in, likeTKConmon, | TKI O, or other.

e V\RAPPER LI BRARY_CREATE WRAP_FI LES() scans all of thew ap_XXX. cmake files in the current directory
and uses the directives within to create CableSwig inpus fite these classes. Information about template
instantiations is also recorded for the language supped fihat are created next. This macro is defined in
Creat eCabl eSwi gl nput s. cnake, and calls language support macros fréreat eLanguageSupport . cmake.

e Finally, WRAPPER LI BRARY_CREATE LI BRARY() creates rules to parse the CableSwig inputs and compile a
wrapper library. This macro also causes various languageati files to be created (python only cur-
rently) which make it easy to load that library in python, amdich know about the template instances de-
fined. This macro is defined ifr eat eW apper Li brary. cmake, and calls language support macros from
Cr eat eLanguageSupport. cmake.

Creating wrapXXX.cmake files to wrap classes

A w ap_XXX. cnake file defines a group of classes and/or template instantmtimbe wrapped. Often one such file is
defined for each class wrapped, but this is not strictly nesgs

Within such a file, directives are issued to wrap classes antitplar template instances.

WrapITK define several macros and variable designed to:

e make creation of wrappers easy. The syntax is simple enaugéttin quickly.

e make choice of template arguments explicit. It should bg emanderstand the idea of the author of a wrapper
by reading the file.

e support mostly transparently the dimensions and typesarhbg the user.

The most common case should be to create a new wrapper forpdesimage filter, likeMedi anl mageFi | ter. Let
see that example in details.

Here is theBasi cFi | t er sB/ wrap_i t kMedi anl nageFi | t er. cnake file:

VRAP_CLASS("itk:: Medianl mageFilter" PO NTER)
WRAP_I MAGE_FI LTER | NT(2)
WRAP_I MAGE_FI LTER _SI G\_I NT( 2)
WRAP_| MAGE_FI LTER_REAL( 2)

END WRAP_CLASS()

The file contains 8RAP_CLASS - END WRAP_CLASS block, which itself contains SonWRAP_| MAGE_FI LTER * macros.
WRAP_CLASS("itk:: Medianl mageFilter" PO NTER) begin the wrapping of thet k: : Medi anl mageFi | t er tem-
plated class. The name of the class must be fully qualified.e ®ption PO NTER indicate that the object
of the class can be manipulated withSemrt Poi nt er, and that theSmart Poi nt er specialization for the class
i tk::Medianl nageFi | t er must be created.

Then, several\RAP_| MAGE_FI LTER * macros are called. They are convenient macro to create \wrdppclasses
which take only image types as template arguments. The paeaninere?, give the number of required template
arguments. The two image types used as template parametiiessame.

All of the available directives are defined and documented gat eCabl eSwi gl nput s. cnmeke. The basics are pre-
sented here:
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e WRAP CLASS("fully qualified::d assName" [PO NTER| PO NTER W TH SUPERCLASS]) causes a tem-
plated class to be wrapped. All namespaces must be includéticlass name, and note that no template
instantiation is given. Template instantiations are @éatith various/\RAP directives, described below, be-
tween invocations 0ARAP_CLASS() andEND WRAP_CLASS() .

WRAP_CLASS("itk::ImageFilter") issues an implicit call toARAP_| NCLUDE("it kl mageFi lter.h"), so
the header for the wrapped class itself does not need to beatiaincluded. To disable this behavior, set
WRAPPER_AUTO | NCLUDE_HEADERS to OFF.

The final optional parameter to&RAP_CLASS is PO NTER or PO NTER W TH SUPERCLASS. If no options are
passed, then the class is wrapped as-BOINTER is passed, then the class and the typeddfats: : Poi nt er
type is wrapped. @ ass: : Poi nter had better be &nart Poi nt er instantiation, or things won’t work. This
is always the case for ITK-style code.) RO NTER_ W TH _SUPERCLASS is provided, thertl ass: : Poi nter,

cl ass: : Supercl ass andcl ass: : Super cl ass: : Poi nter are all wrapped. (Again, this only works for ITK-
style code where the class has a typedsfiper cl ass, and the superclass h8sl f andPoi nt er typedefs).
PO NTER_W TH_SUPERCLASS is especially useful for wrapping classes whose supeesadspend on the tem-
plate definitions of the given filter. E.g. any of the functoigige filters, which define totally different superclass
template parameters depending on which functor is used.

e END WRAP_CLASS() — end a block of template instantiations for a particulassla

e VWRAP_| NCLUDE("header.h"). By default,itkMedi anl mageFilter.h is included when the causes the
i tk::Medianl mageFil ter is wrapped, and this behavior is most of the time enough. ribitenough, this
macro can be used to include some specific files.

e WRAPPER AUTO | NCLUDE HEADERS. This variable is set t@N by default, but can be set {@F to disable the
auto include feature. This feature should be used whenaeslasses to wrap come from the same header file.
VRAPPER AUTO | NCLUDE_HEADERS is re-set tdON for each newnw ap_xxx. cnmake file.

o VWRAP_TEMPLATE("mangl ed_suffix" "tenplate paraneters"). When issued betweefRAP_CLASS and
END WRAP_CLASS, this command causes a particular template instantiafitimeocurrent class to be wrapped.
The parametearangl ed_suf fi x is a suffix to append to the class’s name that uniquely idesttfiis particular
template instantiation, and "template parameters” areteviest should go between tke> template instantia-
tion brackets. (Do not include the brackets.) If you are \piag a filter, there are simpler macros to use, which
are defined at the bottom 6f eat eCabl eSwi gl nput s and described below.

e V\RAP_NON_TEMPLATE CLASS("ful ly_qualified::d assName" [PO NTER| PO NTER W TH_SUPERCLASS] ) .
Same a®\RAP_CLASS, but creates a wrapper for a non-templated class.ENIb WRAP_CLASS() is necessary
after this macro because there is no block of template itistarg commands to close.

WrapITK define some lists which group the types and dimerssidhose list can be used by the developer to create a
wrappers but mustever be modified.

e WRAP_| TK DI M5 contains all the dimensions selected by the user.

e WRAP_| TK | NT contains all unsigned integer types selected by the user.

e VWRAP_| TK_SI G\N_I NT contains all signed integer types selected by the user.

e VWRAP_| TK_ | NTEGRAL contains all signed and unsigned integral types selectedebyser.

WRAP_| TK_REAL contains all the real types selected by the user.

WRAP_| TK_SCALAR contains all the scalar types selected by the user.

e VWRAP_| TK_RGB contains all theRGB types selected by the user.

e WRAP_| TK VECTOR REAL contains all the/ect or types selected by the user.

WRAP_| TK_COV_VECTOR_REAL contains all th&ovari ant Vect or types selected by the user.
VRAP_| TK_VECTCR contains all thé/ect or andCovar i ant Vect or types selected by the user.



3.1 WraplITK description 15

WRAP_| TK_ALL_TYPES contains all the types selected by the user.

e SMALLER THAN D contains all the types "smaller” thatoubl e selected by the user. This variable is useful
when a filter decrease the range of pixel value, Bkear yThr eshol dl mageFi | ter.

e SMALLER THAN UL contains all the types "smaller” thamsi gned | ong selected by the user.
e SMALLER THAN US contains all the types "smaller” thamsi gned short selected by the user.
e SMALLER THAN SL contains all the types "smaller” thamgned | ong selected by the user.

e SMALLER THAN_SS contains all the types "smaller” thamgned short selected by the user.

WraplITK provides some macros to manipulate those list ardhesm to create the wrappers. Most of those macros are
there to fill a lack of feature to manipulate lists in CMakeglafould be replaced by some CMake native commands
in the future.

o UNI QUE()

e SCRT()

| NTERSECTI ON{()
FI LTER()

FI LTER DI M§()
o | NCREMENT()

o DECREMENT()

Some convenient macros are available to wrap image filters.

These macros often take an optional second parameter v@échlimensionality condition” to restrict the dimensions
that the filter will be instantiated for. The condition carther be a single number indicating the one dimension
allowed, a list of dimensions that are allowed (either anglsi delimited string or just a set of separate parameters),
or something of the fornm+ (wheren is a number) indicating that instantiations are alloweddimnension n and
above.

o VWRAP_ | MAGE_FI LTER type(size) .type can be one of:

— INT

— SIG\LINT

— REAL

— VECTOR _REAL

— COV_VECTOR_REAL

- RG&B

— ALL

— SCALAR

— VECTOR
This macro create a template instantiation wihze itk::1mge parameters of the given pixel
type. So if you are wrapping a filter which should take two ims&gwith integral pixel types,
write WRAP_| MAGE_FILTER INT(2). The specific integral data type(sg¢hér, | ong, or short in the

VRAP_| MAGE_FI LTER I NT case) will be determined by the user-selected build parusde.g. WRAP_| ong,
andWRAP_short).
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e WRAP | MAGE FI LTER(param types param count) is a more general macro for wrapping image filters that
need one or more image parameters of the same type. The fiesshgter to this macro is a list of image pixel
types for which filter instantiations should be created. $&eond is @ar am count parameter which controls
how many image template parameters are created. The opttdrtbparameter is a dimensionality condition.

E.g. WRAP_| MAGE_FI LTER(" ${ WRAP_I TK_ALL}" 2) will create template instantiations of the filter for every
pixel type that the user has selected.

e \\RAP_| MAGE_FI LTER TYPES(). Creates template instantiations of the current image,fiioe all the dimen-
sions selected by the user (or dimensions selected by tih¢haeneet the optional dimensionality condition).
This macro takes a variable number of arguments, which shoarespond to the image pixel types of the
images in the filter's template parameter list. The optiatimlensionality condition should be placed in the last
parameter.

e VWRAP | MAGE_FI LTER COVBI NATI ONS() takes a variable number of parameters. Each parame-
ter is a list of image pixel types. Filter instantiations arecated for every combination of dif-
ferent pixel types in different parameters. A dimensidyalcondition may be optionally spec-
ified as the first parameter. E.g. WRAP_| MAGE FI LTER COMBI NATI ONS("UC; US" "UC; US")

will create: filter<itk::lmge<unsigned char, d> itk::Image<unsigned char, d> >,
filter<itk::Image<unsigned char, d> itk::lmge<unsigned short, d> >,
filter<itk::Image<unsigned short, d> itk::|mage<unsigned char, d> >, and

filter<itk::Inmage<unsigned short, d> itk::Image<unsigned short, d> > where d is the
image dimension, for each selected image dimension.

3.2 Extending or customizing WrapITK

To minimize build times and library size, it is possible tomoally prevent various classes from being wrapped.
WrapITK is divided into several sub-libraries, each with @b<lirectory: Al gorithns, BasicFilters[ABC,
Common[ AB], 1O, Nunerics, Spatial Coject, and VXLNunerics. Within these directories are sets or
wrap_XXX. cmake files, whereXXX is the name of the class (or set of classes) to be wrapped. elemtrone of
these classes from being wrapped, simply rename the fileytthiag that doesot start withw ap_ and end with
cmake. (E.g. appendot w apped to the name.) (This is probably unsafe to do in @eemon, Nunerics, orl O
directories.)

To add classes to be wrapped, it is recommended that yoleaesimpleExternal Project described below. If this
is out of the question, you could create additiomadp XXX. cnake files in the appropriate directory. (Read on for
instructions as to what to put in these files.)

3.3 External projects

Why external projects?

External projects let the developer access some custosmwidsthe target languages and is a powerful way to extend
WraplITK, test new wrapper, wrap more types, etc. A nice sfteceof wrappers, for contributiorifor example, is
to build all the methods of the wrapped classes, and so to be sure everpitilds as it should.

4A nice template for contributions to the Insight Journd6][ which include the template code to build wrap-
pers is available ahttp://voxel.jouy.inra.fr/darcs/contrib-itk/tenplate/. Just use the commandarcs get
http://voxel.jouy.inra.fr/darcs/contrib-itk/template/ contribName and edit the project name in ti@éMakeLists.txt file to begin your
new contribution.

5We have found and fixed numbers of bug in ITK while adding mémeses to WrapITK
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Building

To build an external project, first ensure that Wrapl TK hasrbproperly built. Then usecnmake to configure a build
directory for the external project. If WrapITK has not beastalled, you will have to manually enter the path to the
WraplITK build directory.

By default, the build options are the same than the one uséxifiding Wrapl TK, but can be modified in the advanced
options.

Usage

Once an external project has been built, it can be testecctljirdrom the build tree. Start python in
the external project build directory’s Python subdiregtoand run the commandnport ProjectConfig (or

i nport ProjectConfig-[Debug| Rel ease|...] if you were using an IDE, depending on which build configura-
tion was set from the IDE). This command sets up the seardtspabperly so that WraplTK and the newly-created
library files can be found. Then typemport ... (where. .. is replaced with the name of the external project; e.g.

i nport Buf fer Conversi on), and use the project.

Installation

Simply typenake install (orrunyour IDE’s install step) to install the external prof into the WrapITK tree (pro-
vided WrapITK has already been installed). Now the extepnajlect can be used just like any of the other WrapITK
libraries, and it will be imported into thieg k namespace when thaport itk command isissued from Python. (This
can be disabled by settiniRAPPER LI BRARY_AUTO_LQAD to OFF in the external project'€VakelLi sts. txt.)

Top-level CMakelLists for external projects

In addition to having a set ofr ap_XXX. cmake files and the proper commands to read in these files and create a
library (all described above), an external project's CMakes file needs at least one additional command to start it
out: FI ND_PACKAGE( W apl TK REQUI RED) .

This command will cause cmake to try to find the WraplITK buildiall directory. If WraplTK has been installed,
this will work on the first try. Otherwise, you will have to ggtithin ccmake, or in the CMakelLists if you prefer) the
variableW apl TK_DI R to contain the path to the WrapITK build directory.

Examples

In Wapl TK/ Ext er nal Proj ect s there are several sample "External Projects” that can bletouyprovide additional
functionality to WrapITK and to serve as a demonstratiorhiow to create your own such projects. One project is an
ITK-VTK [ 17] bridge, and the other is a Python class to allow conversimmfNumeric/Numarray/numpylB, 19, 20|
matrices to ITK images (and vice-versa).

More examples can be found in the contributions to the Insiglournal [L6], or directly at
http://voxel .jouy.inra.fr/darcsweb/ .

BufferConversion: an example of extension for one language

Write me.
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ItkVtkGlue: an example of extension for all languages, including C++
ItkVtkGlue wrap the classes used to convert data from ITK 1K\ 17] and from VTK to ITK. Those classes comes

from the InsightApplications]], and make the conversion as simple in python as in C++. |bkas tested with VTK
5.0.0.

By default, those classes are not loaded inithle module to avoid loading all thet k module while importing t k.
The commandnport itkvtk will load the module, and add the classes bothtikvt k andi t k module. The classes
are then usable as the other itk classes.

Example:

1> inport itk

2> inport itkvtk

3> reader = itk.ImageFil eReader.|UC3. New()

4> converter = itk.ImageToVTKI mageFilter.|UC3. New(reader)

5> converter. Get Qut put ()
5> <libvtkFilteringPython.vtklnageData vtkobject at Oxb7675b60>

Thei t k. show3D class use the classageToVTKI mageFi | t er to create the volume rendering shown in Figlire

3.4 Extending language support and adding more languages

Write me.

Generating target language code

Write me.

typemaps

Write me.

3.5 Contributing to WrapITK

WraplITK is an opensource project, and so all contributiorsrgelcome. Here are some points which requires special
attention:

e Test it and report problem. That’s the more important thiogld: we need feedbacks to enhance WraplTK
quality !

e Work on tcl, java, and others. We are not tcl or java develspand so are not able to complete the work for
those languages. Any help from tcl and java expert would gblfiiappreciated. Also, there is no reason to be
limited to python, tcl and java, and WrapITK can be extendaedther languages supported by swig like perl
[21], ruby [22], ocaml 23] and others.

e Add more classes. WraplTK add lots of new classes comparthe tourrent wrapping system, but there is still
lots of work to do, especially to support more filter dedicktteVect or pixels.
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dar cs [11] allow to easily contribute to WraplTK, by sending patch lmal with the commandar cs send, while
keeping credits for the work done. Feel free to send pat¢heg;will be tested and integrated in the project.

A web interface 24] for the WraplTK’s darcs repository is availabletdtt p: / / voxel . j ouy. i nra. fr/ darcsweb/ .
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5 Conclusion

ITK is a great library, with the drawback to be nearly unusdbolr prototyping, and to have a poor support for other
languages than C++. WrapITK address those issue and finaéyqITK a quite good support for python. We hope
that support will soon be extended to tcl and java.
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