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Co je to GATE?

Software pro preklinické a klinické Monte Carlo simulace
v transmisni a emisni tomografii a radiacni terapii

Podporuje i dozimetrii a tzv. optické zobrazovani
(viditelné spektrum)

Jde v podstaté o ,prekladac” macro scriptu (textovych
dokumentu) do C++ vyuzivajici jadro GEANTu (CERN)

Na miru delany medicinskym aplikacim — jazyk macro
scriptl jiz do jisté miry predpoklad3d, jak vypada napriklad
PET a z jakych casti se sklada

Nevyzaduje primou znalost programovaciho jazyka

Umoznuje Cerpat z volnosti GEANTu — volba fyziky,
interakci, materidld...
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Forewords

GATE is an advanced opensource software developed by the international OpenGATE collaboration and dedicated to numerical simulations in medical imaging
and radiotherapy. It currently supports simulations of Emission Tomography (Positron Emission Tomography - PET and Single Photon Emission Computed
Temography - SPECT), Computed Tomography (CT), Optical Imaging (Bieluminescence and Fluorescence) and Radiotherapy experiments. Using an
easy-to-learn macro mechanism to configurate simple or highly sophisticated experimental settings, GATE now plays a key role in the design of new medical
imaging devices, in the optimization of acquisition protocols and in the development and assessment of image reconstruction algorithms and correction
techniques. It can also be used for dose calculation in radiotherapy experiments

Ifyou are interested in contributing to GATE, here are a few tips regarding what you can do to be part of this collaborative effort
® Reply to the mailing list
@ Contribute to the documentation: ask for a loginipassword and then modify the documentation on the wiki

® Report bugs
GATE project is now publicly available on GitHub. So, any people identified as a GATE contributor on GitHub can create, assign and close an issue

@ Add/modify the source code or fix bugs

© Start by copying the GATE public repository from GitHub

git clone httpa://github.com/OpenGATE/Bate.git

© Create a specific branch on your repository copy and commit your modifications in that branch

© Create your own copy (fork) of GATE public repository inside your GitHub account so as to be able to push your branch onto this copy
© Once your code is ok,

1. Create a pull-request from your Gate repository to the official Gate repository

2. Provide an example that tests your new feature

3. Ifyou implemented a new feature, have the associated documentation ready

4. Inform these three people from the collaboration (S. Jan, D.Sarrut and A. Dubois) who will then get in touch with you to integrate your changes in the official
repository (once merged, pull-requests and corresponding source code changes can be visualized using GitWeb).

® Interested in a long term participation? Why not join the collaboration? Read some documentation about the collaboration and contact us
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Vyhody GATE

GATE je zdarma a bez registrace k dispozici ke stazeni na
http://www.opengatecollaboration.org/

Urceny pro medicinské aplikace = jednodussi tvorba
geometrie, detektoru atd.

Podpora vypoctu na grafickych jadrech (nVidia CUDA)
Volnost volby fyziky (GEANT) a simulovanych interakci

Moznost nestacionarni geometrie — v simulacich funguje
cas

Tzv. digitizer modul pro simulaci elektroniky detektoru
Moznost vystupu v ROOTu



Nevyhody GATE

Nutnost kompilace ze zdrojovych kédu

Silné zavisly na pouzitych verzich veskerého softwaru,
ovladacl a samotného OS — je treba pouZzit pouze verze,
na kterych je funkénost ovérena = moznost GATE
nainstalovat a pouzivat zavisi spise na softwaru nez
hardwaru

Pomeérné spatna dokumentace — ucelena kompletni
dokumentace celého softwaru prakticky neexistuje

Akceleraci vypoctu na grafické karté Ize pouzit jen pro
nékteré ulohy a s urCitymi omezenimi

Zatim stale nepodporuje format DICOM (pouze ASCII,
Interfile, Analyze, MetalMage)



Jak GATE nainstalovat?

* GATE je mozné pouzivat ve 2 modech:

* VGATE = virtualni instalace GATE pro Virtual Box
obsahujici OS Ubuntu, GATE, GEANT, ROOT, GCC
a Imagel — ready to GO

e standardni instalace GATE = kompilace ze
zdrojovych koédu
— Prakticky pouzitelné jen pro Linux-based OS




Fyzika v GATE

Podpora vSech modell obsazenych v dané verzi GEANTu

Lze zapnout/vypnout jednotlivé interakce a vybirat jejich
modely (Standard/Livermore/Penelope...)

Nutno stahnout patricné Data Files z webu GEANTu:
http://geant4.web.cern.ch/geant4/support/download.sht
ml

V GEANTu nékolik desitek modelu fyziky — kazdy zpravidla
vhodny pro jiny ucel (energie eV-TeV, druhy ¢astic
fotony/neutrony/protony/mezony...)

Pro bézné medicinské aplikace staci pouzivat defaultni

modely — jiné volby jsou zajimavé napriklad pro simulace
poskozeni DNA nebo u hadronovych svazku



http://geant4.web.cern.ch/geant4/support/download.shtml
http://geant4.web.cern.ch/geant4/support/download.shtml
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Jak funguje v GATE cas?

Simulace samotné probihaji bez casové proménné,
ale je mozné jednoduse vytvorit retézec simulaci,
které se lisi polohou detektoru/zdroje etc.

Tj. uzivatel simuluje casovou proménnou zmeénami
geometrie

K dispozici nékolik definovanych pohybu véetné
zakladniho posunu a rotace

Na konci makra se definuje pocatecni a koncovy cas
+ tzv ,timeslice”

Radionuklidy se béhem simulace mohou rozpadat



Digitizer
Modul, ktery se stara o urcity preprocessing dat — z jednotlivych

zaznamenanych interakci (hitl) je schopen namodelovat realnou
odezvu detektoru

Adder = slouceni hitl v jednotlivych detektorech do realnych impulst
Readout = vyhodnoceni polohy interakce (simulace bloku PMT)

Energy Blurring = simulace energetickeé rozlisovaci schopnosti
(rozmazani)

Crosstalk = simulace rusivé odezvy sousednich detektord

Thresholder/Upholder = prahovani detekovanych impulsl, moZnost
nastaveni oken

Time blurring = rozmazani Casu detekce

Modelovani nahodného Sumu

Modelovani elektroniky (sample rate, buffer, pile-up, dead time...)
Conincidence sorter (nastaveni zpracovani koincidenci)



Digitizer — ukazkové schéma
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Aplikace-radiacni terapie
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WARNING: 100 events have been kept for refreshing and/or reviewing.
"[vis/reviewKeptEvents" to review them.

WARNING: G4VisManager::EndOfRun: Automatic event keeping was suspended.
The number of events in the run exceeded the maximum, 100, that may be
kept by the vis manager.

The number of events kept by the vis manager can be changed with
" fvis/scene/endOfEventAction [ac-imtotnlonfmackl et haca w
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it## === PIXE model for e+-: Livermore 1

WARNING: 100 events have been kept for refreshing and/or reviewing.
"[vis/reviewKeptEvents" to review thenm.

WARNING: G4VisManager::EndOfRun: Automatic event keeping was suspended.
The number of events in the run exceeded the maximum, 100, that may be
kept by the vis manager.

The number of events kept by the vis manager can be changed with

" [vis/scene/end0fEventAction [accumulate|refresh] <N>", where N

is the maximum number you wish to allow. N < 6 means "unlimited".




W Aplikace-rentgenova diagnostika

S ) viewer-0 (OpenGLStoredX)

Voxelovy fantom s rentgenkou a
detektory...




&  Aplikace-nuklearni medicina




Aplikace — klinicka dozimetrie

* Na zakladé hybridniho zobrazovani
— SPECT/CT
— PET/CT
* CT - voxel fantom pacienta
* SPECT nebo PET - voxel fantom zdroje
* Vyuziti
— Diagnostika
— Radionuklidova terapie




Dozimetrie SPECT

Voxel fantom — zdroj Voxel fantom — model Davkova distribuce




Dozimetrie — vystupy

Vystupem je davka v cGy pro dany pocet
nasimulovanych c¢astic

Pro absolutni dozimetrii je treba znat objemovou
koncentraci aktivity ve voxelu

SPECT — nutna kalibrace pomoci vodniho fantomu
se znamou aktivitou

PET — automaticky kalibrovan v kBg/ml kvuli
urcovani hodnot SUV



Dozimetrie PET

Voxel fantom zdroj Voxel fantom model




Dozimetrie PET

Davka od y 511 keV Davka od pozitrond Davka celkové




Segmentace CT
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& Dozimetrie PET —segmentace CT







Dalsi ukazky z webu projektu
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&  Daldi ukdzky z webu projektu




