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Abstract

The Image Guided Surgery ToolKIGSTK) is an open-source software toolkit for performing

IGSTKis implemented in C++. Itis cross-platform, using ddbenvironment known aSMake
to manage the compilation process in a platform-indepetrwiay

Because IGSTK is an open-source project, developers froomadrthe world can use, debug,
maintain, and extend the software. IGSTK uses a model ofvaoétdevelopment referred to as
Extreme Programming. Extreme Programming collapses tha& seftware creation methodol-
ogy into a simultaneous and iterative process of desigieiment-test-release. The key features
of Extreme Programming are communication and testing. Comication among the members
of the IGSTK community is what helps manage the rapid evoiutif the software. Testing is
what keeps the software stable. In IGSTK, an extensivenggtiocess (using a system known
asDart) is in place that measures the quality on a daily basis. TI8TK5Testing Dashboard is
posted continuously, reflecting the quality of the softwairany moment.

This book is a guide to using and developing with IGSTK.
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CHAPTER

ONE

Introduction

Welcome to theGSTK: The Bookor Image-Guided Surgery

IGSTK is an open-souréeoftware toolkit designed to enable biomedical reseasdoaapidly
prototype and create new applications for image-guidegesyir The purpose of this software
guide is to help you learn how to use IGSTK so that you can mas#yecreate your application.
The material is explained using a number of examples thatngewgage you to compile and
run.

IGSTK is built on top of three open source software packages:

e The Insight Segmentation and Registration Toolkit (ITK)
e The Visualization Toolkit (VTK)

e The Fast Light Toolkit (FLTK) for the user interface, altlgiuother GUI toolkits can be
accommodated

Some familiarity with these open source packages will beired to effectively use IGSTK. In
addition, IGSTK uses CMake to configure the build processulttipie platforms.

IGSTK is an open-source software system. What this mearmatstie user community has
great impact on the future evolution of the software. Usarsmake significant contributions
to IGSTK by providing bug reports, bug fixes, test cases, rlasses, and other feedback. You
are encouraged to contribute your ideas to the communibutitr the user mailing list which
can be located througtww.igstk.org

As opposed to popular belief, open-source software pr@jeahnot simply be modified by
anybody. The official version of most open source packagesraintained by a small core
of very skilled developers. Users of those packages havisekdom to download the source
code and to modify it in their own machines if they like, buéyhcan not simply put those
modifications back into the official version of the packagtaiit passing throught the scrutiny
of the core developers. Since IGSTK is intended to be usdtkinperating room its developers

1Distributed under a BSD-like license


www.igstk.org
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makes emphasis on robustness motivated by the directiveot#qiing patient safety. In this
context, IGSTK is a system that is open for discussion anlihgito receive contributions from
the community, but that will adapt and throughly tests thamaributions to make sure that they
satisfy the quality standards required for safety-critaqaplications.

1.1 Rationale and Background
The creation of the toolkit was motivated by the followingsario:

Imagine that you are a biomedical researcher and you wargvelap an image-
guided surgery application. This application should idelthe ability to display
DICOM medical images, functionality for registration arehmentation, and an
interface to the AURORA electromagnetic tracking systenou Yiave a clinical
partner who is anxious to test your completed system, so gginkyour software
design and hope to have a prototype within a few months. Bogness is slow,
as you have to develop all your own code and understand thecasaf DICOM,
segmentation, registration, and the AURORA interface.eA# year or so, you
complete your prototype and proudly show it to your clinipartner. But your
clinical partner now wants to make several changes and adeé saore features,
so you are back to the drawing board for another lengthy deveént cycle.

Now imagine the same scenario using the IGSTK toolkit. Ydlursted to develop
a specification for your application, but implementatiorgigatly simplified as
standard components for reading DICOM images, image displgmentation,
registration, and an AURORA interface are provided. Youtdty reading the
toolkit documentation and looking at the example applaati You then either
put together a set of components to build your applicatiomodify one of the
example applications. Because the toolkit is open-sourdeiaes BSBlicensing,
you have access to all the source code and are free to inedeggbe code in your
program whether is an academic or commercial application. afe able to fairly
quickly put together a prototype. When your clinical partrezgjuests changes, this
is also easily done. Your completed application is a succésslicense it to a big
company and retire on the island of Fiji.

While the example above is fictitious, most biomedical restear can probably identify with
this scenario. The reality is that software developmentlegge portion of the work in many
research labs today. Most software projects are started$ovatch and a great deal of time and
effortis spent “re-inventing the wheel”.

This was the situation at Georgetown University Medicalt@gmwhere one of the authors (KC)
has been leading a group of researchers in developing imaiged systems for abdominal in-
terventions for the past five years. After several years eéligping new software applications,

2BSD originally stood for Berkeley Source Distribution ahé BSD License was the license that the BSD software
(a version of Unix) was distributed under. This license isdusy many open-source implementations today
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the research group has been attempting to standardizetfeiare process based on the open-
source software package3 K (Visualization Toolkit) andTK (Insight Segmentation and Reg-
istration Toolkit). While these packages provided an dro¢ktart, the group noted that further
progress could be made by developing a set of componentfispiycfor image-guided appli-
cations. A partnership was formed with Kitware Incorpodateleading open-source software
company. A small business proposal was submitted to thehktinstitutes of Health and a
grant award was received to develop the toolkit. Severadratbllaborators, including UNC,
Atamai Inc., and the University of Arizona later joined theject. This book and the associated
software is the result of that effort.

1.2 Organization

This book is divided into three parts, each of which is furtwided into several chapters.
Part | is a general introduction to IGSTK, with the next fevapters on installation, architec-
ture, requirements, and software development process.pHii will give the readers a general
overview about the IGSTK project, how it started, its degpilosophy and development pro-
cess, and also a chapter showing users how to install artdistag this toolkit. Part Il guides
user through each single component in the toolkit such &s stachine, tracker, spatial object,
registration etc. These chapters will explain how we desigt implement these components
and how you can use them. Part Ill and IV are dedicate to haplaarn to build applications
from simple “Hello World” to more complex ones based on datiprocedures.

1.3 Software Organization

The following sections describe the directory contentsysarize the software functionality in
each directory, and locate the documentation and data.

1.3.1 Obtaining the Software

There are three different ways to access the IGSTK source (s&& Sectioth.4on paged).

1. from periodic releases available on the IGSTK Web site,

2. from direct access to the CVS source code repository.

Official releases are available a few times a year and anmauoc the ITK Web pages and
mailing lists. However, they may not provide the latest arehtest features of the toolkit. In
general, the periodic releases and CD-ROM releases araitie, £xcept that the CD release
typically contains additional resources and data. CVSsgpeovides immediate access to the
latest toolkit additions, but on any given day the sourceecady not be stable as compared
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to the official releases—i.e., the code may not compile, i erash, or it might even produce
incorrect results.

This software guide assumes that you are working with theiaffITK version 2.4 release
(available on the ITK Web site). If you are a new user, we higlecommend that you use
the released version of the software. It is stable, comdistnd better tested than the code
available from the CVS repository. Later, as you gain exgraré with ITK, you may wish to
work from the CVS repository. However, if you do so, pleasealbare of the ITK quality
testing dashboard. The Insight Toolkit is heavily testadgithe open-source DART regression
testing systemhtp://public.kitware.com/dashboard.php ). Before updating the CVS
repository, make sure that the dashboagtéenindicating stable code. If not green it is likely
that your software update is unstable. (Learn more aboufftkeuality dashboard in Section
??0n page??.)

1.4 Downloading IGSTK

ITK can be downloaded without cost from the following welesit
http:/iwww.itk.org/HTML/Download.php

In order to track the kind of applications for which ITK is bgiused, you will be asked to
complete a form prior to downloading the software. The infation you provide in this form
will help developers to get a better idea of the interestsskilts of the toolkit users. It also
assists in future funding requests to sponsoring agencies.

Once you fill out this form you will have access to the downlpade where two options for
obtaining the software will be found. (This page can be boakk®d to facilitate subsequent
visits to the download site without having to complete anyrf@gain.) You can get the tarball
of a stable release or you can get the development versionghrCVS. The release version
is stable and dependable but may lack the latest featurémdbolkit. The CVS version will
have the latest additions but is inherently unstable and enayain components with work in
progress. The following sections describe the details ofi @ae of these two alternatives.

1.4.1 Downloading Packaged Releases

Please read th€ettingStarted.txt 3 document first. It will give you an overview of the
download and installation processes. Then choose thdlttragbetter fits your system. The
options arezip and.tgz files. The first type is better suited for MS-Windows while the
second one is the preferred format for UNIX systems.

Once you unzip or untar the file a directory callesight ~ will be created in your disk and you
will be ready for starting the configuration process desatiim Sectior?? on page??.

Shitp://www.itk.org/HTML/GettingStarted. txt
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1.4.2 Downloading from CVS

The Concurrent Versions System (CVS) is a tool for softwaesion control §]. Generally
only developers should be using CVS, so here we assume thadngov what CVS is and how
to use it. For more information about CVS please see Seéttoon page??. (Note: please
make sure that you access the software via CVS only when #@liality Dashboard indicates
that the code is stable. Learn more about the Quality Dastl@&? on page??.)

Access ITK via CVS using the following commands (under UNRAaCygwin):

cvs -d :pserver:anonymous@www.itk.org:/cvsroot/Insigh t login
(respond with password "insight")

cvs -d :pserver:anonymous@www.itk.org:/cvsroot/Insigh t co Insight

This will trigger the download of the software into a diregtmamednsight . Any time you
want to update your version, it will be enough to change ihts directoryinsight — and type:

cvs update -d -P

Once you obtain the software you are ready to configure angiteih(see Sectio?? on page
?7). First, however, we recommend that you join the mailinpdisd read the following sections
describing the organization of the software.

1.4.3 Join the Mailing List

It is strongly recommended that you join the users mailisg liThis is one of the primary
resources for guidance and help regarding the use of thieittodbu can subscribe to the users
list online at

http:/iww.itk.org/HTML/MailingLists.htm

The insight-users mailing list is also the best mechanismxpressing your opinions about the
toolkit and to let developers know about features that yadidiseful, desirable or even unneces-
sary. ITK developers are committed to creating a self-guistg open-source ITK community.
Feedback from users is fundamental to achieving this goal.

1.4.4 Directory Structure

To begin your ITK odyssey, you will first need to know somethabout ITK’s software orga-
nization and directory structure. Even if you are installpre-compiled binaries, it is helpful
to know enough to navigate through the code base to find exenmde, and documentation.
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ITK is organized into several different modules, or CVS dtmeds. If you are using an official
release or CD release, you will see three important modthesnsight , InsightDocuments
andinsightApplications modules. The source code, examples and applications ard fiou
thelnsight module; documentation, tutorials, and material relateéalesign and marketing
of ITK are found ininsightDocuments  ; and fairly complex applications using ITK (and other

systems such as VTK, Qt, and FLTK) are available flasghtApplications . Usually you
will work with the Insight module unless you are a developer, are teaching a courses or a
looking at the details of various design documents. MkightApplications module should

only be downloaded and compiled once thgght module is functioning properly.

Thelnsight module contains the following subdirectories:

o Insight/Auxiliary —code that interfaces packages to ITK.
e Insight/Code —the heart of the software; the location of the majority & source code.

e Insight/Documentation —a compact subset of documentation to get users started with
ITK.

e Insight/Examples ~ —a suite of simple, well-documented examples used by thidegu
and to illustrate important ITK concepts.

o Insight/Testing —a large number of small programs used to test ITK. These plean
tend to be minimally documented but may be useful to dematestiarious system con-
cepts. These tests are used by DART to produce the ITK Qu2dishboard (see Section
??0n page??.)

o Insight/Utilities —supporting software for the ITK source code. For example,
DART and Doxygen support, as well as libraries suchrasandzlib

e Insight/Validation —a series of validation case studies including the sourde ased
to produce the results.

e Insight/Wrapping ~ —support for the CABLE wrapping tool. CABLE is used by ITK to
build interfaces between the C++ library and various intetgd languages (currently Tcl
and Python are supported).

The source code directory structure—foundlneight/Code —is important to understand
since other directory structures (such as Thgting andWrapping directories) shadow the
structure of thensight/Code  directory.

e Insight/Code/Common —core classes, macro definitions, typedefs, and other aodtw
constructs central to ITK.

e Insight/Code/Numerics —mathematical library and supporting classes. (Note:
ITK's mathematical library is based on the VXL/VNL softwargackage
http://vxl.sourceforge.net )

e Insight/Code/BasicFilters —basic image processing filters.


http://vxl.sourceforge.net
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e Insight/Code/lO  —classes that support the reading and writing of data.

e Insight/Code/Algorithms —the location of most segmentation and registration algo-
rithms.

e Insight/Code/SpatialObject —classes that represent and organize data using spatial

relationships (e.g., the leg bone is connected to the hig beta.)

e Insight/Code/Patented —any patented algorithms are placed here. Using this code in
commercial application requires a patent license.

e Insight/Code/Local —an empty directory used by developers and users to expetrime
with new code.

ThelnsightDocuments ~ module contains the following subdirectories:

e InsightDocuments/CourseWare —material related to teaching ITK.

e InsightDocuments/Developer —historical documents covering the design and creation
of ITK including progress reports and design documents.

o InsightDocuments/Latex —IATEX styles to produce this work as well as other docu-
ments.

o InsightDocuments/Marketing —marketing flyers and literature used to succinctly de-
scribe ITK.

e InsightDocuments/Papers —papers related to the many algorithms, data representa-
tions, and software tools used in ITK.

e InsightDocuments/SoftwareGuide —IATEX files used to create this guide. (Note that
the code found imnsight/Examples is used in conjunction with theseTEX files.)

¢ InsightDocuments/Validation —validation case studies using ITK.

e InsightDocuments/Web  —the source HTML and other material used to produce the Web

pages found atttp://www.itk.org

Similar to thelnsight  module, access to thesightDocuments ~ module is also available via
CVS using the following commands (under UNIX and Cygwin):

cvs -d :pserver.anonymous@www.itk.org:/cvsroot/Insigh t co InsightDocuments
The InsightApplications module contains large, relatively complex examples of ITK u
age. See the web pagesp://www.itk.org/HTML/Applications.htm for a description.

Some of these applications require GUI toolkits such as QFiTK or other packages such as
VTK (The Visualization Toolkitttp://www.vtk.org ). Do not attempt to compile and build
this module until you have successfully built the ctmsight  module.

Similar to thelnsight  andInsightDocuments  module, access to thesightApplications
module is also available via CVS using the following commachder UNIX and Cygwin):


http://www.itk.org
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cvs -d:pserver:anonymous@www.itk.org:/cvsroot/Insigh t\
co InsightApplications

1.4.5 Documentation
Besides this text, there are other documentation resotlraegou should be aware of.

Doxygen Documentation. The Doxygen documentation is an essential resource whedngor
with ITK. These extensive Web pages describe in detail eglgs and method in the
system. The documentation also contains inheritance dtabooation diagrams, listing
of event invocations, and data members. The documentatibaavily hyper-linked to
other classes and to the source code. The Doxygen docuinentgvailable on the
companion CD, or on-line dttp://www.itk.org . Make sure that you have the right
documentation for your version of the source code.

Header Files. Each ITK class is implemented with a .h and .cxx/.txx fileX file for templated
classes). All methods found in the .h header files are doctedeand provide a quick
way to find documentation for a particular method. (Indeedxy®en uses the header
documentation to produces its output.)

1.4.6 Data

The Insight Toolkit was designed to support the Visible HamRroject and its as-
sociated data. This data is available from the National dripr of Medicine at
http://ww.nIm.nih.gov/research/visible/visible _human.html .

Another source of data can be obtained from the ITK Web sigitlaer of the following:

http://www.itk.org/HTML/Data.htm
ftp:/Ipublic.kitware.com/publ/itk/Data/

1.5 The Insight Community and Support

ITK was created from its inception as a collaborative, comityueffort. Research, teaching,
and commercial uses of the toolkit are expected. If you wikidto participate in the commu-
nity, there are a number of possibilities.

e Users may actively report bugs, defects in the system ARIpauisubmit feature requests.
Currently the best way to do this is through the ITK users imgilist.

e Developers may contribute classes or improve existingses|f you are a developer,
you may request permission to join the ITK developers mailist. Please do so by
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sending email to will.schroeder “at” kitware.com. To be@adeveloper you need to
demonstrate both a level of competence as well as trustivegs. You may wish to
begin by submitting fixes to the ITK users mailing list.

e Research partnerships with members of the Insight Soft@ansortium are encouraged.
Both NIH and NLM will likely provide limited funding over thaext few years, and will
encourage the use of ITK in proposed work.

e Forthose developing commercial applications with ITK, o and consulting are avail-
able from Kitware ahttp://www.kitware.com . Kitware also offers short ITK courses
either at a site of your choice or periodically at Kitware.

e Educators may wish to use ITK in courses. Materials are beawgloped for this pur-
pose, e.g., a one-day, conference course and semestegrlhgate courses. Watch the
ITK web pages or check in tHasightDocuments/CourseWare directory for more in-
formation.

1.6 A Brief History of ITK

In 1999 the US National Library of Medicine of the Nationaklitutes of Health awarded
six three-year contracts to develop an open-source raetisirand segmentation toolkit, that
eventually came to be known as the Insight Toolkit (ITK) andred the basis of the Insight
Software Consortium. ITK’s NIH/NLM Project Manager was Drferry Yoo, who coordi-
nated the six prime contractors composing the Insight atinse. These consortium members
included three commercial partners—GE Corporate R&D, Eiwy Inc., and MathSoft (the
company name is now Insightful)—and three academic patrémiversity of North Carolina
(UNC), University of Tennessee (UT) (Ross Whitaker subsatjy moved to University of
Utah), and University of Pennsylvania (UPenn). The Prilecipvestigators for these partners
were, respectively, Bill Lorensen at GE CRD, Will SchroedeKitware, Vikram Chalana at
Insightful, Stephen Aylward with Luis Ibanez at UNC (Luisiew at Kitware), Ross Whitaker
with Josh Cates at UT (both now at Utah), and Dimitri MetaxtadRenn (now at Rutgers). In
addition, several subcontractors rounded out the comsoiticluding Peter Raitu at Brigham
& Women'’s Hospital, Celina Imielinska and Pat Molholt at Gmibia University, Jim Gee at
UPenn’s Grasp Lab, and George Stetten at the UniversityttshiRirgh.

In 2002 the first official public release of ITK was made aualia In addition, the National Li-

brary of Medicine awarded thirteen contracts to severadoations to extend ITK’s capabili-
ties. NLM funding of Insight Toolkit development is conting through 2003, with additional
application and maintenance support anticipated beyofd.20you are interested in potential
funding opportunities, we suggest that you contact Dr. yT&oo at the National Library of

Medicine for more information.
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CHAPTER

TWO

Getting Started

This chapter will guide you though downloading, installiagd writing the first simple IGSTK
program.

2.1 Downloading IGSTK

IGSTK is an open source software toolkit freely availablaftondividuals and institutions for
both academia research and commercial usages. The detatdgimer can be found on the
following IGSTK copy right page. Please read this page cdiselbefore you proceed.

http:/iAww.igstk.org/copyright.htm

There are different ways to obtain the IGSTK source code. déuget the tarball of stable
release version for your operating system from the follgnirebsite:

http:/iww.igstk.org/download.htm

If you want to stay on top of the most recent development aftibwlkit, you can get a copy of

the source code from the CVS repository. The CVS versiontvelle the latest feature added
to the toolkit but is inherently unstable and may contain ponents in working progress. The
source code repository is being hosted by Kitware, The fiailg sections describe how to

access the CVS repository.

2.1.1 Instruction on command line CVS client user

The Concurrent Versions System (CVS) is a powerful opemesatool for source code mainte-
nance. It comes standard with nearly all Unix and Unix likstsyns, MAC OS X, and Cygwin
on Windows system. There is no need to install extra softweser should be able to use the
CVS command line client. CVSNT is a command line CVS cliemtviandows, you need to
install it on the windows machine before you can use it in camdwindow.


http://www.igstk.org/copyright.htm
http://www.igstk.org/download.htm
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1. First, in your terminal, shell, or command line windded’ into a directory where you
want to put the source code.

2. Type the following command:
cvs -d :pserver.anonymous@public.kitware.com:/cvsroot NIGSTK login
answer by’igstk’
cvs -d :pserver.anonymous@public.kitware.com:/cvsroot /IGSTK co IGSTK

Now you will have a new directory calletzGSTK' in your current directory. you can
later’cd’ into this directory and use the following CVS command to het latest copy
of the source code:

cvs update -dAP

CAUTION: The CVS version might be unstable, please refer to the nyiglatthboard of
IGSTK.

http://public.kitware.com/dashboard.php?name=igstk

You can browse through the dashboard for the past 15 dayss®aors which day the
dashboard is more stable, no errors, warnings, failing tgenerally speaking, the dash-
board looks more 'green’. To get a snapshot of the source fayde specific day, for
example 'April 15th, 2006’, use the following CVS command:

cvs update -D 2006-04-15

2.1.2 Instruction on Windows GUI CVS client user

There are a number of CVS GUI clients for windows system jragéilable, such as WinCVS,

Luis: fill out a form ? bookmark the page?. It seems that thimgeph was copied from the
web page. We may want to rephrase it for the bd@kce you fill out this form you will have
access to the download page where two options for obtaihimgaftware will be found. (This
page can be book marked to facilitate subsequent visitset@ltiwnload site without having
to complete any form again.) You can get the tarball of a stablease or you can get the
development version through CVS. The release version lidestand dependable but may lack
the latest features of the toolkit. The CVS version will héivelatest additions but is inherently
unstable and may contain components with work in progreks.fdllowing sections describe
the details of each one of these two alternatives.
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2.1.3 Downloading Packaged Releases

Luis: and introduction section is missing here. We shoulkl &dout the fact that IGSTK de-
pends on ITK and VTK, and optionally on FLTK. Then we can pdagith the explanations
on how to download each one of those toolkits.

Please read th€ettingStarted.txt 1 document first. It will give you an overview of the
download and installation processes. Then choose thdlttraabetter fits your system. The
options arezip and.tgz files. The first type is better suited for MS-Windows while the
second one is the preferred format for UNIX systems.

Once you unzip or untar the file a directory callesight ~ will be created in your disk and you
will be ready for starting the configuration process desatiim Sectior?? on page??.

2.1.4 Downloading from CVS

The Concurrent Versions System (CVS) is a tool for softwaesion control §]. Generally
only developers should be using CVS, so here we assume thddnygov what CVS is and how
to use it. For more information about CVS please see Seéttoon page??. (Note: please
make sure that you access the software via CVS only when #@lality Dashboard indicates
that the code is stable. Learn more about the Quality Dastl@d&? on page??.)

Access ITK via CVS using the following commands (under UNRAaCygwin):

cvs -d :pserver.anonymous@www.itk.org:/cvsroot/Insigh t login (respond with
password "insight")

cvs -d :pserver:anonymous@www.itk.org:/cvsroot/Insigh t co Insight

This will trigger the download of the software into a diregtmamednsight . Any time you
want to update your version, it will be enough to change ihts directoryinsight  and type:

cvs update -d -P
http://www.igstk.org/download.htm

1. Download periodic stable release.

2. Using CVS to get the latest code and stay updated

2.2 Software Organization

The following sections describe the structure of this ta@hkd How to get this software and its
documentation and data.

http://www.itk.org/HTML/GettingStarted. txt
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Like most other open source projects, the source code of KiST