ITK and VTK-
The Standard Libraries

Eduard Schreibmann

Department of Radiation Oncology and Winship Cancer Institute, Atlanta, GA



Who Should Use ITK ?

 Best suited for :
— Larger research projects
— Need customization/changes over time
— Likely to implement new algorithm or approaches

* Not suited for:
— Projects where compiled software exists already.
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PROIECT RESOURCES OPEN SOURCE

Welcome to the National Library of Medicine Insight Segmentation and
Registration Toolkit (ITK). ITK is an open-source, cross-platform system that ITK
provides developers with an extensive suite of software tools for image analysis. [Tk provides leading-edge segmentation and

registration algorithms in two, three, and more dimensions;

Developed through extreme programming methodologies, ITK  employs e
it is distributed as an open-source software package.

leading-edge algorithms for registering and segmenting multidimensional data.

The goals for ITK include:

* Supporting the Visible Human Project.
* Establishing a foundation for future research. /

& * Creating a repository of fundamental algorithms. >
* Developing a platform for advanced product development.

* Support commercial application of the technology.
+ Create conventions for future work.

* Grow a self-sustaining community of software users and developers.
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My Toolbox

MeVisLab

Rapid prototyping

& \/olView

Visualize images

Repository of visualization algorithms

’l’ ParaView ACMake

: : Multi-platform build system
Visualize meshes
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Why | Like It ?

o ITKand VTK are like Legos

— ITK designed as building blocks from which customized applications
are created.

ITK: Modules x \+

&= www. itk.org/Doxygendd/html/m (& <lego > ﬁ’ B 9 3 # (-]

@, 7
EtO)TTK 40
" Insight Segmentation and Registration Toolkit
Main Page | Related Pages m Namespaces | Classes | Files ‘

Examples ‘ Q Search

Modules b

Here is a list of all modules:
[detail level 123456 7]
Data Representation Objects
Image Representation Objects
Mesh Representation Objects
Path Representation Objects
Geometry Representation Objects
Data Access Objects
Image Access Objects
Mesh Access Objects
Iterators
Image Tterators

0Objects Related to Tensor Images

ww.itk.org/Doxygend8/html/namespaces.html
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Prototyping

-
i MeVisLab - [* BasicExample.mlab - Ci/Users/edi/Desktop/ITK and VTK Exmaple]

File Edit Modules Applications Extras Scripting View MNetworks Panels
1=

Help

Medical Image Processing and Visualization

MeVisLab represents a powerful modular framework for image processing research and
development with a special focus on medical imaging. It allows fast integration and testing
of new algorithms and the development of clinical application prototypes.

MeVisLab

ITK/Examples - KitwarePub... % | MeVisLab: MeVisLab x

P

€ | @ wuww.mevislab.de

- €| Q MevisLab BR-al=l

pothingKec animageriiter

\

Locallmage

Drag-drop interface to create customized
algorithms from building blocks

MeVisLab

Medical Image Processing and
Visualization

MeVisLab represents a powerful modular framework
for image processing research and development with a
special focus on medical imaging. It allows fast
integration and testing of new algorithms and the
development of clinical application prototypes.

‘What Developers Think of
MeVisLab

"It is a great sophisticated concept. Its standardized
module principle enables rapid prototyping and offers a
wide range of features, supported file formats, and
extensibility options. The combination of visual
programming, Python scripting, and C++ programming
makes MeVisLab a powerful tool for developers."
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= MeVisLab
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Why Lego Analogy ?

Libraries are a collection of “building blocks” that can be connected to
your needs.

SynchraView2h
ATA

A filter (building block) that does some

L _ processing to an image

itkHMinimalmageFilter

7\

)/

itkEliplmagekFilter
A

\ /

itkEliplmagekFilter
A 7 ,

A connection between the building blocks
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Example

= MeVisLab
i1

The itkFliplmageFilter will flip an image along a user specified axis.

SynchroView2Db
A A

\/
itkElipimageFilter

A

Locallmage

SynchroViewz2D

A A
Displays original and processed images
\/

itkElipImageFilter
/ \

Process image: flips along one axis

\/

Locallmage

Reads an image from disk

WINSHIP
CANCER
INSTITUTE

EMORY




Example

Easy to change setting to experiment on your images

Displays original and processed images

nchroView2D

Filter options

1 Panel itkFliplmageFilter =B %
Main | MinMax | Clamp |
Parameters
itkFlipImageFilter:
Flip Axes: [x oy 1z o
I
[ 1210
Direction Tolerance: Lxp
Apply Mode:  |apply  v|
Update Mode:  |Update ~|

Locallmage
WINSHIP
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Example

Parameters Filter options

itkFlipImageFilter:

Flip Axes: x 1 o |z [ Parameters
Flip About Origin: itkFlipImageFilter: /‘\
=Hp Axes: |x |1,.r 1)z 0

A Panel SynchroView2D = =] =

p About Origin:

100 mm R
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Example

Example of simple pipeline to smooth a T—
CBCT dataset —

v
itkHMinimalmagekilter

/\

'anel SynchroView2D

57
itkSmoothingRecursiveGaussianimagekilter

/\

B ]
itkEliplmagekilter
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Example Coding

From prototype to coding

E int
{

main (int argc, char *argvi[])

Sfdefine the image type
typedef itk::Image< long, 3 > ImageType:

ffread an image

typedef itk::ImageFileReader< ImageType > ReaderType;
REeaderType:  :Pointer imageReader= EReaderIype:::Hew():s
imageReader->»SetFilelames (" \myFile .dcm™) ;

S femoothing filter

\/
llecallmage

typedef itk::SmoothRecursiveGaussianFilters ImageType, ImageType > SmoothFilter:

SmoothFilter: :Pointer smoothFilter = SmoothFilter::HNew():
smoothFilter->SetInput (| imageBeader->GetCutput () )
smoothFilter->Update ()

\/

itkSmoothingRecursive@aussianimagekilter

/\

EMORY ‘
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Template Code
It’s easy to readapt to code to new situations

ITK Definition:

tenmplate< class TPixel, unsigned int VImageDimension >
Image< TPixel, VImageDimension >

]::Imagei”
{
m Buffer = PixelContainer::New();
Your Code:
Jint main (int argc, char *argv([]]}
i
typedef itk::Image< long SliceTvype: ff a CT =slice
typedef itk::Image< long VolumeType f/ a CT wvolume
typedef itk::Image< long ScandDType; S5 a 4D CT =can
typedef itk::Image< float, 3 > Do=seType; /f a dose wvolume
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Your Own Filter

Deriving a filter from the ITK objects makes my life easier.

Deriving a new inherited filter

tem 1
class MyOwnImageFilter:public ImageToImageFilter< TImage, T%EEEE:E:)
i

public:

Implementing your own equation, f(x) =
X1.23456

inline TCutput operator|() (const TInput & &) const
{

const double input

const double outpu

— ukle > & )} ;
pow(input,1.23546) ;

return static_cast< TOutput >( output }:
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Catalog of ITK Features

Image 10

Image processing

— Canny Edge

— Hough Transform (lines/ellipsoids)
— Variable Conductance Diffusion
Geometry 10/representation/processing (Spatial Objects)
Statistics
Registration/Segmentation
Numerics (VXL)

Optimizers

Finite Element Simulation
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A Big Library

@ Mostly written in C++
@ Marture, well-established codebase
@ Very large, active development team
@ Well-commented source code

@ Stable Y-0-Y development activity

.
| ik ITK - Segmentation & Regi... X\+ 0 nsignt Toolkit. updated ul 05. 20 ore at Open HUB

(- & www.itk.org C || Q Search ff B 4 9 =

| »

PROJECT RESOURCES OPEN SOURCE

Welcome to the MNational Library of Medicine Insight Segmentation and
Registration Toolkit (ITK). ITK is an open-source, cross-platform system that ITK

m

provides developers with an extensive suite of software tools for image analysis. ITK provides leading-edge segrmentation and
registration algorithms in two, three, and more dimensions;

Developed through extreme programming methodologies, ITK  employs Bk
it is distributed as an open-source software package.

leading-edge algorithms for registering and segmenting multidimensional data.

The goals for ITK include:

¢ Supporting the Visible Human Project.

* Establishing a foundation for future research. /
& Creating a repository of fundamental algorithms.

Insight Toolkit - Project Cost

¢ Developing a platform for advanced product development.

e Support commercial application of the technology.

e Create conventions for future work. Incdude Aug_ Sala'y
* Grow a self-sustaining community of software users and developers. MEIFI‘(LIFI AndCode - & 5E000 f‘},fear
News More News > Codebase Eﬂ:{lrt[ﬁt.]
1,702,264 Lines A48T Person Years

12.16.2014 Kitware Announces a Virtual Surgery System to Help Surgeons
Treat...

Estimated Cost $26,785,280
10.09.2014 Kitware Receives Award to Develop Retinal Image Management

System... Updated 05, 2015 more at G"DET'[ HUB




Where To Find Help

)

m@g

Visit the website -

| O VTK docuemntation > ﬂ’ B ¥+ i 0 =

@ Download the software

-~

@ Join the mailing list dules | Namespaces Files |

1w ‘ Class Members ‘
% Attend a training course
9
N Purchase support
N PP EIFIGIHIIIIIKILIMINIOIPIQIRISITIUIVIWIXIYIZI_

m Buy the ITK Software Guide

vitk3DSImporter
vitk3DWidget

vitkABI

vitkAbstractArray
vikAbstractCellLocator
vtkAbstractContextBufferId
vtkAbstractContextItem
vtkAbstractElectronicData
vitkAbstractGridConnectivity
vitkAbstractimageInterpolator
vtkAbstractInteractionDevice
vtkAbstractInterpolatedVelocityField
vtkAbstractMapper
vitkAbstractMapper3D

vtkHierarchicalPolyDataMapper
vtkHighestDensityRegionsStatistics
vtkHomogeneousTransform
vtkHoverwidget

vitkHull

vtkHyperOctree
vtkHyperOctreeAlgorithm
vtkHyperOctreeClipCutPointsGrabber
vtkHyperOctreeContourFilter
vtkHyperOctreeCursor
vtkHyperOctreeCutter
vtkHyperOctreeDepth
vtkHyperOctreeDualGridContourFilter
vtkHyperOctreeFractalSource
vtkHyperOctreeLightWeightCursor
vtkHyperOctreeLimiter
vtkHyperOctreePointsGrabber
vtkHyperOctreeSampleFunction
vtkHyperOctreeSurfaceFilter
vtkHyperOctreeToUniformGridFilter
vtkHyperStreamline
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Lots of Documentation

[ParaView] Basics of Keyframe

‘ Youjili: Animation
i-pnln-uu-u b!r' UM3DLab

W G boetie i R L e O

vl s - 6,277 views
e 412 ¥
pEEne e TR -
T R ——— RN adbktdue [Heoc

[Paraview] Basics of Clipping
by UM3DLab
4,098 views

[ParaView] Creating IsoSurfaces
by UM3DLab
5,544 views

[ParaView] Basics of Slicing and
Planar Plots

by UM3DLab

4 329 views

Paraview basics tutorial

Ethan Kung
CE= - s 15,566
4 Addto  «f Share  see More i 52 P2
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Presenting
vtkAngularPeriodicFilter

Learn more

VolView 3.4

Advanced volume visualization for Windows,

Linux, and Mac. Pf:. Ehﬂl i
el e |

acrly M afpsng

Download

ParaView 4.3.1 Available

for Download

JAccompanying Libraries

EMORY ‘
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Visualization Tool Kit

FEatL@S v Resources

Vi VTK - The Viljslization To.. % | [E] Google x|+

& » wik,org VTK

Presenting
vitkAngularPeriodicFilter

Kitware offers advanced software R&D solutions and
services. Find out how we can help with your next VTK
project.

= | O | S

e 4+ s

VTK Blog Posts :

07.01.2015 Virtuous Sustainabllity

06.12.2015 Simple, Parallel Computing
with vikSMPTools

06.09.2015 Lightwelght Periodic Dataset

Generation

05.05.2015 Buildbot Primer for VTK and

ParaView

05.03.2015 VTK's Biggest Google Summer

of Code Yet

Contact Us

Learn More

Open Source

Platform Agnostic

Language Agnostic

Data Model

Visualization

Modelling

Imaging

3D Graphics

2D Plots and Charts

Interaction

InfoVis

Parallel Processing



CMake

CMake 2.0 - patch 3

Where is the source code: | e Eoi e e

Brnwse...l Build Far: IR-"isuaI Studio ¥ MET EDDE;|

YWhere to build the Binaries: |E:\cygwinbhometibanez\bintnsight

LI Brnwse...l [~ Show Advanced Yalues

— Cache Values

< ITK - Microsoft Visual C++

File Edit Wiew Insert Project Build

1%|anﬁ|¥: E|£3' %‘|E‘ﬂ|m_lmagehctm

Right click on a cache value for
Fresz Configure to upa
Prezs OF. to gener

Configure [k

For backwards compatibility, what wersion of CM ake commandsz

= ALL_BUILD classes
- 28 ITKAlgonithms classes
H- ITKB asicFiters claszes
=B ITECommon classes

= B8 ITKFEM classes

- B8 ITKIO classes
ITEMetalD claszes
=28 I TENumerics classes
itkprg classes

-- ITKStatistics claszes

- itkzlib claszes
WrLMumenics classes

| B8 ClassView I Hesource\fiewl File\fiewl

|
K

[>T Build { Debug % FindinFiles1 % FindinFiles 2 3 Resuts /

JEXN

R
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Where to start

MeVisLab

www.mevislab.de

Q Volview

www.volview.org

’l’ ParaView

WWW.paraview.orq

www.itK.org

ACMake

WWW.cmake.orq

EMORY
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http://www.itk.org/
http://www.paraview.org/
http://www.mevislab.de/
http://www.cmake.org/
http://www.itk.org/
http://www.volview.org/
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