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Disclaimer

“The Software has been designed for research
purposes only and has not been reviewed or
approved by the Food and Drug Administration or
by any other agency”



What's on my desktop?

« CERR » KeePass
 ConquestDICOM * Inkscape
* Cygwin * LibreOffice
o dcmtk » Octave
 Emacs * perl

* Firefox * Synergy

e gJcC  VirtualBox

e gimp » 3D Slicer



Why open source?

e Freedom!

e Software can move with scientists
 No license files needed

 Open development process

 Documentation

* Mailing lists

» Source code management
» Bug tracking



Today's outline

SlicerRT
plastmaieh.org slicerrt.org

3DSlicer

slicer.org openrtk.org



Plastimatch
* plastimatch.org _

 Registration
« Segmentation
* Analysis

 Open source since 2007 [EEEIIEIE
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registration R

Atlas-based
segmentation




Plastimatch scripting

« Command-line oriented

a‘ll:ﬂma‘ic@h

home | download (svn) | license | doxygen | documentation = User guide » previous | next | index

» Highly configurable

The registration command file uses the “ini file” format. There are two possitde sections: GLOBAL, and STACE, There should be exactly one
GLOBAL section, and there can be multiple STAGE sections.

In general, the GLOBAL section defines the input files and output files for a single registration. Each STAGE section defines a single
processing stage within a registration pipeline,

u | ]
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The GLOBAL section has only a limited set of allowed parameters. However, some GLOBAL parameters are also allowed in a STAGE section,

as noted bekow,

option type value
fixed GLOBAL Filename of fixed (reference) image

]
maving GLOBAL Filename of moving {target) image
lixedd _roi GLOBAL, STACE Filename of a binary mask for the fixed image. only pixels which are non-zero in

this image will contribute to the registration result

maowing_roi GLOBAL, STAGE Filename of a binary mask for the moving image; only pixels which are non-zero
i this image will contribute to the registration resull

fixed_landmarks GLOBAL, STALE Filename of a list of landmark locations within the fieed image which can be used

L ]
10 guide the registration
maoxing_landmarks GLOBAL, STAGE Filename of a list of landmark locations within the moving image which can be

used 1o guide the registration

warped_lar

marks GLOBAL, STAGE Filename of output landmarks, warped by the registration result

xformein GLOBAL Initial guess for transform

wlorm_out GLOBAL, STALE Filename of output transferm

L] L] ]
. p t I m I t I O n viout GLOBAL, STAGE Filename of output transform, as vector field

e Baos s am

« ROI Documentation on

* Regularization http://plastimatch.org

e Stopping criteria
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Multi-atlas segmentation
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3D Slicer

| Powerful processing. Streamlined interface. Extensible platform.
-

* Medical image analysis and
visualization platform

* Since 1997

* S50M in funding
(>2,000 years of labor)

* Professionally engineered
* 1,000+ analysis functions
* 200K downloads for 4.4 | ) W
* www.slicer.org
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http://www.slicer.org/

Tour of 3D Slicer
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3D printing

Step 2:
Create surface model

Step 1:
Create labelmap




3D printing

Step 3:

Export as STL file
Step 4.

Use STL for printing




Developing slicer modules

 Three kinds of modules:

e Command line module
e Scripted module
 Loadable module



Command line module

» User interface is generated by slicer

E iDSlicer

\ ¥ Help & Acknowledgement
“ B-zpline Deformable Registration

Parameter sst| _ 4 :
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“ Input'Output

C/C++ flles Fixed wolume —

Moving volume | _y [

Ll

Qutput volume | e —

executable

Qutput B-=pling transform (MRML} |

L

i
L
LIl

Cutput wector fisld (MRML)| 1y

/ Output B-zpline tranzform (file) |r.cr5

Qutput wector fisld (file) | MNone

XML file Cost function [ 1=k Ml

Hardware GFU [E] CRU




Command line module

B 3DSlicer B iDSlicer
: d A

y

(1) Slicer writes your input files, (3) Slicer loads your
then launches your executable output files

(2) Your executable runs,
and it writes output files



SlicerRT ecosystem

Utilities

~

/

Several former SlicerRT features

integrated:

Subject hierarchy, DICOM export,
Transform visualizer, etc.

@ Queens
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Streamlined
applications

¥

/
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SlicerRT core

Common RT software tools:

DICOM-RT, Dose/Contour analysis,
Beam planning, Batch processing

Acts as a platform

\_




SlicerRT use case: Dose accumulation

@ Modules: x= SulijectHierard'ny i —T 07 ) _E ﬁ 0 % » E t - w | =i ¥ a ¥

m sDSlicer

b Help & Acknowledgement

Mode - e
=l Scene
=1 [7] Mo study description (20110920) 4
& s: RTDOSE: BRAIL &
+ | ¥ | 4 RTPLAN: BRAI1 Isocenters bt
+ | 2| 4: RTPLAN: BRAI1_BeamModels o
+ & 3: RTSTRUCT: ENT >
& 2: ENTIMRT &
= J Day2
& 2 ENT IMRT Day2 &
& s rRTDOSE Day2 &y
% LinearTransform_2 ENT _IMRT Day2 To 2 ... I:\}‘

¥ Transforms ID's - | f
P MRML Mode Inspector x . | ‘

52l (500 BB 'y
B: 2% VIRT
AR W

Convenience features: Transform whole studies with a single click

P Data Probe

GiffingTool.com
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SlicerRT use case:
Gel dosimetry analysis

* Full 3D gel dosimetry
* Simplified user interface

Collaboration with
KGH, Kingston, ON
Alexander et al., IC3DDose, 2014
Talk at World Congress: SP057.3

@ Queens
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= Gel dosimetry analysis = =

¥ Layout selector
»

1. Load data

i
[
|

~ 2, Registration

[ } 2.1, Register planning CT to OBI

|+ 2.2, Register gel dosimeter volume to OBI

[+ 2.2.1 5elect OBI fiducial paints

Locate image plane of the OBI fidudials, then dick the 'Place fidudals'
button (blue arrow with red dot). Next, select the fiducial points in the (&
displayed image plane.

lDBI fiducials B I J E]E]
Label X Y z =
LB TAUGER T 72 53 50z
2| OBLfiducals2 166,605 152,102 23,402
R; 146.456mm NG ] A; 143.091mm
3| OBL fiducals3 172310 117868 23,402
4 OBI fidudals-4  76.73% 132.608 -44.782
5| OBIfidudals-5  153.767 163.938 4,782 PDD vz Calbration dafa
& OBl fiducals-6 172786 118,818 44,782 Calloration data (Mean optical dersity)
100 —— POD (percent depth dose)
[ } 2.2.2 Select measured gel dosimeter fidudal points ] z — Aligned callbration data
[» 22.3Perform registration J §
— 80
: m:
[ » 3. Dose calbration
&
P 4. 3D gamma dase comnariean ] ~
» Tool: L
ot Opticaldersity vs Dose

N

o 8 10 12
right mouse buiton to be considered for calibration

T T
40 aa 50
Optical density
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Matlab Bridge

Slicer Execution 3 D SI icer

Model

Execute CLI _ pyModule.bat ~ Reguest Matlab 1 Matlab
module ~ | function call commander

p—

File I/O OpenlGTLink

Temporary input
and output files

File 1/O Execute Matlab | Command

function o Bl
J

Utility functions Matlab

_---""'__--—_




SlicerRT use case:
Proton dose calculation

* External beam planning
— Arbitrary dose engines
— Using same user interface
— Potentially replace TPS

* Evaluate plan

Collaboration with MGH,

* Beam Farameters

Boston and CRO, Italy — :

Desplanques et al., MedPhys, 2014 Prescrption | Energy | Geometry | Beam Model | Visualz: 6\ B3

Poster at World Congress: PS04.087 :i:.;i_ i :t: o -
Y law Posbons; .o
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e RTK = reconstruction toolkit

» openrtk.org



RTK Features

e Support for scanners: Elekta, Varian, IBA
* Flexible 3D geometry
* Any source / detector positions
* Forward- and back-projectors
* Multi-threaded CPU and GPU
» FDK and SART reconstruction algorithms

» Short scan and offset detector weightings
» Scatter correction
 Numerical phantoms



Results: Catphan acquisitions

Elekta (CLB) Varian (MGH) IBA (Testbench)

Data available online: http://midas3.kitware.com




Working example

// FDK reconstruction filtering

typedef rtk::FDKConeBeamReconstructionFilter<ImageType>
FDKCPUType;

FDKCPUType: :Pointer feldkamp = FDKCPUType::New /() ;

feldkamp—>SetInput ( 0, imageSource—->GetOutput () );

feldkamp—>SetInput( 1, rei-—>GetOutput () );

feldkamp—>SetGeometry ( geometry );

feldkamp—->GetRampFilter () —>SetTruncationCorrection(0.);

feldkamp—->GetRampFilter () —>SetHannCutFrequency (0.0) ;

feldkamp—->Update () ;

// Writer

typedef itk::ImageFileWriter<ImageType> WriterType;
WriterType::Pointer writer = WriterType::New();
writer—->SetFileName ( "output.mha" );

writer—->SetUseCompression (true);
writer—->SetInput ( feldkamp->GetOutput () );
writer—->Update () ;



4D CBCT

Projection ~ Amsterdam _Motion
Images Shroud Signal




Links

Plastimatch

plastimatch.org

slicerrt.org

3DSlicer

slicer.org openrtk.org
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