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§  GATE: Geant4 Application for Emission Tomography, 
Transmission Tomography, Radiotherapy and Optical Imaging 

 
§  GATE is an Opensource software (GNU LGPL) dedicated to the 

simulation of imaging (SPECT, PET, CT, Optical) and 
radiotherapy, and based on the Geant4 toolbox 

 
§  First release of GATE in May 2004  

22 releases since that date 
Currently GATE V8.1 

§   Broad range of applications: 
-  Detector design 
-  Optimisation of acquisition and processing protocols 
-  Assessment of quantification methods 
-  Estimation of the system matrix used in tomographic 

reconstruction 
-  Dosimetry, Radiation Therapy 
-  … 

What is GATE ? 
www.opengatecollaboration.org 
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Abstract
GATE (Geant4 Application for Emission Tomography) is a Monte Carlo
simulation platform developed by the OpenGATE collaboration since 2001
and first publicly released in 2004. Dedicated to the modelling of planar
scintigraphy, single photon emission computed tomography (SPECT) and
positron emission tomography (PET) acquisitions, this platform is widely used
to assist PET and SPECT research. A recent extension of this platform, released
by the OpenGATE collaboration as GATE V6, now also enables modelling of
x-ray computed tomography and radiation therapy experiments. This paper
presents an overview of the main additions and improvements implemented in
GATE since the publication of the initial GATE paper (Jan et al 2004 Phys.
Med. Biol. 49 4543–61). This includes new models available in GATE
to simulate optical and hadronic processes, novelties in modelling tracer,
organ or detector motion, new options for speeding up GATE simulations,
examples illustrating the use of GATE V6 in radiotherapy applications and
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In this paper, the authors’ review the applicability of the open-source GATE Monte Carlo simulation
platform based on the GEANT4 toolkit for radiation therapy and dosimetry applications. The
many applications of GATE for state-of-the-art radiotherapy simulations are described including
external beam radiotherapy, brachytherapy, intraoperative radiotherapy, hadrontherapy, molecular
radiotherapy, and in vivo dose monitoring. Investigations that have been performed using GEANT4
only are also mentioned to illustrate the potential of GATE. The very practical feature of GATE
making it easy to model both a treatment and an imaging acquisition within the same framework
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Extension of the GATE Monte-Carlo simulation
package to model bioluminescence and fluorescence
imaging
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Abstract. The Geant4 Application for Emission Tomography (GATE) is an advanced open-source software
dedicated to Monte-Carlo (MC) simulations in medical imaging involving photon transportation (Positron emis-
sion tomography, single photon emission computed tomography, computed tomography) and in particle therapy.
In this work, we extend the GATE to support simulations of optical imaging, such as bioluminescence or fluo-
rescence imaging, and validate it against the MC for multilayered media standard simulation tool for biomedical
optics in simple geometries. A full simulation set-up for molecular optical imaging (bioluminescence and fluo-
rescence) is implemented in GATE, and images of the light distribution emitted from a phantom demonstrate
the relevance of using GATE for optical imaging simulations. © 2014 Society of Photo-Optical Instrumentation Engineers (SPIE)
[DOI: 10.1117/1.JBO.19.2.026004]

Keywords: Monte-Carlo; simulation; bioluminescence; fluorescence.
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1 Introduction
Monte-Carlo (MC) simulations play an increasing role in
medical imaging techniques involving radiations [positron
emission tomography (PET), single photon emission computed
tomography (SPECT), and computed tomography (CT)].
For these applications, simulations are used to help design
and assess new imaging devices, and to optimize the acquisi-
tion and data processing protocols. The Geant4 Application
for Emission Tomography (GATE)1,2 open-source simulation
platform, based on the Geant4 toolkit,3,4 has been
developed since 2002 by the OpenGATE collaboration (www
.opengatecollaboration.org) and is currently widely used by
the research community involved in SPECT and PET molecular
imaging. Moreover, recently, the rise of optogenetics has
opened the possibility to address and trigger action potentials
in specific cells with light.5 In these experimental paradigms,
it is of a great interest to study the light path and fluence dis-
tribution in tissues, as the penetration depth and deposited power
per millimeter will determine the spatial extension of cell acti-
vation. Yet, only coarse experimental measurements and simpli-
fied two-dimensional (2-D) modeling are currently used in this
rapidly growing field.6 The MC simulations might be a great
asset in that context.

In the last decade, optical imaging has become a major
modality in the preclinical setting, especially for screening can-
cerous models in mice. Although the transition from bench to
bedside is yet to be achieved in most cases, there is an increasing
interest for optical imaging of endogenous or exogenous probes.
These techniques are generally noninvasive, low cost and allow
for real time study of biological processes through three-dimes-
nional (3-D) images of the light distribution emitted from the
surface of small animals or superficial areas in humans. Optical
imaging modalities encompass a rapidly growing range of

techniques from cell resolution microscopy to full field noninva-
sive 3-D tomography.7 Preclinical imaging of bioluminescence
or fluorescence signals from tagged cancerous cells in mouse
models has become a reference technique for rapid screening
of molecules with a potential therapeutic impact.8,9,10

The MC modeling in light transport simulations11 is used to
optimize imaging systems12 and data interpretation, to study the
optimal structural and optical properties of nanophosphors,13 or
to simultaneously image two distinct fluorophores with lifetime
contrast.14 The MC software simulating the photon migration in
complex 3-D shapes, such as the tetrahedron-based inhomo-
geneousMCoptical simulator,15 themolecular optical simulation
environment,16 the mesh-based MC,17 and the MC for multilay-
ered media (MCML),18 have been thoroughly described before.
As complex geometries were obtained at the expense of heavy
calculations, in recent years extensive efforts were targeted at
increasing the computational efficiency through parallelization
using clusters or graphics processing unit (GPU) calculators.19,20

Recently, the GAMOS MC application has been upgraded to
model the light transport due to Cerenkov effect.21 Yet, there
is currently no MC code offering the same flexibility for model-
ing awide range of experimental set-up asGATEdoes for nuclear
imaging applications. Given that optical imaging is a matter of
photon transportation, we present here an extension of GATE
so that it can model optical imaging experiments, such as biolu-
minescence or fluorescence imaging and validate it against the
MCML simulation tool.

The resulting extended version of GATE (GATE V6.2) there-
fore offers an original platform for bioluminescence and fluo-
rescence imaging, including some unique features that are not
currently offered by other codes:

• a user friendly implementation of material and surface
properties using the extensible markup language (XML)
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Abstract

EduGATE is a collection of basic examples to introduce
students to the fundamental physical aspects of medical
imaging devices. It is based on the GATE platform, which
has received a wide acceptance in the field of simulating
medical imaging devices including SPECT, PET, CT and
also applications in radiation therapy. GATE can be con-
figured by commands, which are, for the sake of simplicity,
listed in a collection of one or more macro files to set up
phantoms, multiple types of sources, detection device, and
acquisition parameters. The aim of the EduGATE is to use
all these helpful features of GATE to provide insights into
the physics of medical imaging by means of a collection
of very basic and simple GATE macros in connection with
analysis programs based on ROOT, a framework for data
processing. A graphical user interface to define a configu-
ration is also included.

Keywords: Monte Carlo Simulation, GATE, PET,
SPECT, Education, Imaging

EduGATE – einfache lehrreiche Beispiele zum
Zweck der Ausbildung basierend auf der
GATE Simulationsplattform

Zusammenfassung

EduGATE ist eine Sammlung einfacher basaler Beispiele
für Studenten zur Einführung in die fundamentalen Aspekte
der bildgebenden Systeme in der Medizin. Sie baut auf der
GATE-Plattform auf, die im Feld der Simulation bildgeben-
der Systeme besonders SPECT, PET, CT, ebenso auch
Strahlentherapie eine weite Verbreitung gefunden hat.
GATE wird gewöhnlich durch Kommandos gesteuert, die
zur Vereinfachung in eine Reihe von Dateien (Makros)
zusammengefasst sind und Phantome, verschiedene Typen
an Quellen, Nachweisdetektor und Akquisitionsparameter
beschreiben. Das Ziel, EduGATE zu entwickeln, war, diese
vielfältigen, sehr nützlichen Eigenschaften zu nutzen, um
mithilfe sehr einfacher GATE-Makros dem interessierten
Nutzer Zugang zur Physik der medizinischen Bildgebung
zu ermöglichen, verbunden mit einem Analyseprogramm
basierend auf ROOT, einem Softwarepaket für Datenana-
lyse. Eine graphische Benutzerschnittstelle zur Definition
der gewünschten Konfiguration ist eingeschlossen.

Schlüsselwörter: Monte-Carlo-Simulation, GATE, PET,
SPECT, Bildgebung, Ausbildung
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GATE 2004-2014: a constantly-upgraded platform  

2017 
GATE V8 



§ GATE is based on Geant4: http://www.geant4.org  

§ GATE is written in C++ 

§ GATE is user-friendly as simulations can be designed and 
controlled using macros, without any C++ writing 

§ GATE can simulate SPECT, PET, CT and optical scans and 
radiotherapy treatments 

§ GATE is flexible enough to model almost any detector 
design, including prototypes 

§ GATE explicitly models time, hence makes it possible to 
model detector motion, patient motion, radioactive decay, 
optical photon tracking, dead time, time of flight, tracer 
kinetics 

§ GATE can handle analytical or voxelized phantoms 

§ GATE can run on a cluster architecture and on a grid 

Main technical features of GATE (1) 



§ GATE can be freely downloaded, including sources 
 

§ GATE can be run on many platforms (Linux, MAC OS, 
Windows) 

§ Online documentation about GATE, including FAQ  

§ Help about the use of GATE can be obtained through the 
gate-user mailing list (more than 1500 subscribers) 

 

§ Many commercial or prototype systems have already been 
modeled using GATE and most models have been thoroughly 
validated (list available at the address:
http://www.opengatecollaboration.org) 

§ The GATE project is mostly based on volunteer 
participation and on the active contribution of GATE 
developers and users 

Main technical features of GATE (2) 



§  18 labs, sharing developments and validation studies regarding 
GATE, and working together to make these developments 
publicly available 

q  U892 Inserm, Nantes 
q  LaTIM, U1101 Inserm, Brest 
q  IMNC, CNRS/IN2P3, Orsay 
q  LPC, CNRS/IN2P3, Clermont-Fd 
q  IPHC, CNRS/IN2P3, Strasbourg 
q  CPPM, CNRS/IN2P3, Marseille 
q  CREATIS, CNRS, Lyon 
q  SHFJ-CEA, Orsay 
q  U1037 Inserm, Toulouse 

France 
q  Delft University of Technology, Delft, The Netherlands 
q  Forschungszentrum Juelich, Germany 
q  National Technical University of Athens, Greece 
q  Medical University of Vienna, Austria 
q  MedAustron, Wiener Neustadt, Austria 
q  University of Gent, Belgium 

Europe 

q  Memorial Sloan-Kettering Cancer Center, New York, USA 
q  UC Davis, Davis, USA 
q Sogang University, Seoul, South Korea 

Rest of the world 

The OpenGATE collaboration 

-> Need to foster collaborations with China 



Research topics developed in IN2P3 labs  

IMNC (Imaging & Thermotherapy) 
Distribution of light within monolithic 
scintillators (miniaturized 
gamma camera) 
 
 
 
Study of optimal parameters for 
photostimulation 

LPC Clermont (Dosimetry & Radiobiology) 
Pre-clinical and clinical dosimetry for internal 
radiation therapy (new theranostic molecules) 
 
 
 
Evaluation of the biological dose in hadrontherapy 
Radiobiology: evaluation of cell and DNA damage 

 

IPHC (Dosimetry and radiation protection) 
Dosimetry using scintillating fiber in radiology 
Dosimetry for radiation protection in interventional 
radiology 
Variance reduction technique for the calculation of 
dose using neutrons (nTLE) 
Nuclear activation of materials irradiated with high 
energy X-rays 
Dosimetry using CMOS detectors  
in protontherapy 

CPPM (Imaging) 
Compton camera:  
Modelling of SiPM arrays 
Performance study and  
development of new  
reconstruction algorithms 
 
 
 
µCT imaging: 
Simulation of hybrid pixel detectors 



u Foster research partnerships & enlarge the 
OpenGATE collaboration to Chinese labs 
� GATE is now a powerful and recognized platform for medical 

physics applications, but it needs to be maintained and 
developed in the long term through research partnerships 
(PhD thesis) 

Partnerships with chinese particle physics labs  



u Foster research partnerships & enlarge the 
OpenGATE collaboration to Chinese labs 
� GATE is now a powerful and recognized platform for medical 

physics applications, but it needs to be maintained and 
developed in the long term through research partnerships 
(PhD thesis) 

Partnerships with chinese particle physics labs  

u Foster education on simulation and 
modelling in medical physics through 
dedicated workshops and tutorials 
•  French students are trained to use GATE in medical physics 

Master programs in order to help their understanding of 
particle physics interactions and operation of medical 
devices  

•  The OpenGATE collaboration is willing to develop dedicated 
workshops to train Master students and open new 
collaborations sall around the world -> FCPPL could help in 
finding new partners 



Ø Contact: Lydia Maigne, associate professor @ LPC Clermont-
Ferrand, Lydia.Maigne@clermont.in2p3.fr  

 
Ø References: 
Ø GATE URL: http://www.opengatecollaboration.org 
Ø GATE user mailing list: 

gate-users@lists.opengatecollaboration.org 
Ø GATE documentation (wiki): 
Ø  To install GATE: 

http://www.opengatecollaboration.org/InstallingGATE 
Ø  To use GATE: 

http://www.opengatecollaboration.org/Documentation 
Ø   GATE publications: 

http://www.opengatecollaboration.org/Publications 

Contact & References 


