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CT A|Zcf|o]d b8

1 — Define the Scanner geometry
(CTscanner®| geometrydd)
2 — Define the Phantom geometry (& 2] geometry 478)
3 — Set up the Physics processes (physics list&’d)
4 — Initialization the simulation : Compute cross-section
tables for particles, Initialization O] &%l O3 20| A{ 1,2,39]
4 7t uHx| R,
5 — Digitizer Description (Hits->Pulses->Singles 2 ZtOHM A}
A X
6 — Define the source (X-ray activity, angle &°8) — SRS-78 2HET A 22|0]4

SOIERMAE _SGATE source

4%) ) projctionH|0|E{->I|EHAE >
OSCaROj|A| A& 715 €t projection data
8 — Start the acquisition (A Z2f|0[4 A|Zfa} A7H A[ZF A7) ->0SCaR FDK recon!

7 — Output setup (ASCIl, ROOTS2| &3 mto| = o



CT GATE 0|3 2 njao| M

7 benchmarkCT m)p Main Oj3 2!

7| CTScanner —>  CTscanner geometry’d

7| acquisition —> CT &7H A|ZF A%

&1 AnalyzeCT —s»  CT output(.root 2AMIY)

7| digitizer

7| output —>  E0}Y :Root, ASCII, Projection.bin
7| phantom —> Phantom geometry &7

7| physics

7| source —> X-ray H|HX|AHEZ, intensity 27

7| verbose (28 SRS78 A|E20|M H|O|E{E AIETh

7| visu

(=] Materials L =4 —> Plasticd &M, Epoxys2| optical ‘& &2t

= Surfaces L =4 —> Polished, s85505 2| optical surfaces @& H 2t

i@ GateMaterials Data Basze File —> GateMaterials.db I}



benchmarkCT.mac

1. CT 8=7| Geometry 278

HHAHHHHHHHHHH R R
# VISUALIZATION PARAMETERS #
HHAHHHH R HHH R R R

#/control/execute visu.mac
/vis/disable mp VisualisationDf 32 Mty Hx

S

# SET MATERIAL DATABASE #
HHHHHHHHHHHHHHHHHHHHH A
/gate/geometry/setMaterialDatabase ./GateMaterials.db

HHHHHHHHH

# WORLD #

HHHHHHHHH
/gate/world/geometry/setXLength 50. cm
/gate/world/geometry/setYLength 50. cm
/gate/world/geometry/setZLength 50. cm
/gate/world/setMaterial Air

o o
# CT scanner for small animal imaging #

# 150x200 pixels #
# size of pixels : 0.5x0.5x1.0 mm3  #
# pixels are made up of silicon #

HHHAHHHHHHHHHHRRHHH R HHH BB R AR

/control/execute CTScannermac m) CTScanner E&E7| geometry2 o|
TEEREEENTEERTE R EE R FRE




CTScanner.mac

1. CT scanner, module M/

HHHHBHHHHHAHHHHHHHHH

# CTscanner system #

HHHHBHHHHHAHHHHHHHHH

/gate/world/daughters/name CTscanner m System types= scannerZ 2.
/gate/world/daughters/insert box

/gate/CTscanner/placement/setTranslation 0. 0. 150.5 mm » CTscanner®| +z= translation
/gate/CTscanner/geometry/setXLength 50. mm
/gate/CTscanner/geometry/setYLength 50. mm
/gate/CTscanner/geometry/setZLength 1. mm

/gate/CTscanner/setMaterial Air

/gate/CTscanner/vis/forceWireframe

/gate/CTscanner/vis/setColor white

HHAHHHHHHHAHHH HHHHHHHHHHHH
# CTSCANNER # ----> # MODULE #
HHHHAHHHHHHAH HHHHAHHHHHHHH

/gate/CTscanner/daughters/name moduleB»CTscanner 32282 2 module MM
/gate/CTscanner/daughters/insert box

/gate/module/geometry/setXLength 50. mm

/gate/module/geometry/setYLength 50. mm

/gate/module/geometry/setZLength 1. mm

/gate/module/setMaterial Silicon

/gate/module/vis/forceWireframe

/gate/module/vis/setColor white



CTScanner.mac

1. module -> cluster ->pixel 44

HHHAHHHHH R HHHAHHFHHHAHH
# MODULE # ----> # CLUSTER_ O #
HHHAHHHHHHHHH HHHAHHFHHHAHH

/gate/module/daughters/name cluster m) Module SIFEF2E clusterg ‘d-d
/gate/module/daughters/insert box

/gate/cluster/geometry/setXLength 50. mm

/gate/cluster/geometry/setYLength 50. mm

/gate/cluster/geometry/setZLength 1. mm

/gate/cluster/setMaterial Air

/gate/cluster/vis/forceWireframe

/gate/cluster/vis/setColor white

HHHHAHHHHHHHH HHHHHHHHHHHHH HHHHHHHHHHH
# MODULE # ----> # CLUSTER O # ----> # PIXEL_O #
HHHHAHHHHHHHH HHHHHHHHHHHHH HHHHHHHHHHH

/gate/cluster/daughters/name pixel

/gate/cluster/daughters/insert box

/gate/pixel/geometry/setXLength 0.5 mm
/gate/pixel/geometry/setYLength 0.5 mm
/gate/pixel/geometry/setZLength 1. mm

/gate/pixel/setMaterial Silicon ms) pierQI A Z Silicone 2 AH
/gate/pixel/vis/setColor red



CTScanner.mac

1. pixeld| CrystalSD €0|7|

# REPEAT PIXEI_O

/gate/pixel/repeaters/insert cubicArray mp pixel= AL H L Z repeatA|Z.
/gate/pixel/cubicArray/setRepeatNumberX 100
/gate/pixel/cubicArray/setRepeatNumberY 100
/gate/pixel/cubicArray/setRepeatNumberZ 1
/gate/pixel/cubicArray/setRepeatVector 0.5 0.5 0.00 mm
/gate/pixel/cubicArray/autoCenter true

# ATTACH SYSTEM
/gate/systems/CTscanner/module/attach module B8 systemsOf| moduleg & &

=2 Hd O]

/gate/systems/CTscanner/cluster_O/attach cluster m) systemsOf clusterg & &
= o]

/gate/systems/CTscanner/pixel_0/attach pixel m) systemsOi pixelg & ¢

# ATTACH LAYER
/gate/pixel/attachCrystalSD mE) Pixel0f| CrystalSDE & !



benchmarkCT.mac

2. Phantom &%

HH IR AR H IR R R AR R R

# phantom in rotation (1 deg/s) : #

# * 1 water cylinder #

# * 4 balls #

HHRHHH AR AR AH A H AR

/control/execute phantom.mac =) phantom.mac 132 T+ #A

/gate/waterCylinder/moves/insert rotation ) o = N
waterCylinder phantom= zZ0]| CHsH
12T 124 3HAZ.

GatryE 2|H™A|7|= Cf &0l phantomS
2 TAIA.

/gate/waterCylinder/rotation/setSpeed 1. deg/s
/gate/waterCylinder/rotation/setAxis 0 0 1



benchmarkCT.mac

2. Phantom &%

HH IR AR H IR R R AR R R

# phantom in rotation (1 deg/s) : #

# * 1 water cylinder #

# * 4 balls #

HHRHHH AR AR AH A H AR

/control/execute phantom.mac =) phantom.mac 132 T+ #A

/gate/waterCylinder/moves/insert rotation ) o = N
waterCylinder phantom= zZ0]| CHsH
12T 124 3HAZ.

GatryE 2|H™A|7|= Cf &0l phantomS
2 TAIA.

/gate/waterCylinder/rotation/setSpeed 1. deg/s
/gate/waterCylinder/rotation/setAxis 0 0 1



phantom.mac

2. Phantom &%

HIHHHHHHHHHHHHHHHH

# Water Cylinder #

HIHHHHHHHHHHHHHHHH

/gate/world/daughters/name waterCylinder m——) waterCylinder AH M
/gate/world/daughters/insert cylinder

/gate/waterCylinder/geometry/setRmin 0. mm
/gate/waterCylinder/geometry/setRmax 8. mm
/gate/waterCylinder/geometry/setHeight 20. mm

/gate/waterCylinder/placement/setRotationAxis 1 0 0 . = o - -
/gate/waterCylinder/placement/setRotationAngle 90. deg } waterCylinderS x=0i Cioli 90% 2]

/gate/waterCyI?nder/sgtMateriaI' Water m—) waterCyIinder.‘ZI THZE - Water
/gate/waterCylinder/vis/forceWireframe

/gate/waterCylinder/vis/setColor cyan

# Aluminium Balls # . =1 o =

. - waterCylinder2| Sl EE2 2
/gate/waterCylinder/daughters/name aluminiumBall ‘ .
9 Y 9 aluminiumBall’4/d

/gate/waterCylinder/daughters/insert cylinder
/gate/aluminiumBall/placement/setTranslation 4.76314 -2.75 -6. mm
/gate/aluminiumBall/geometry/setRmin 0. mm
/gate/aluminiumBall/geometry/setRmax 1. mm
/gate/aluminiumBall/setMaterial Aluminium
/gate/aluminiumBall/vis/setColor white



phantom.mac

2. Phantom &%

# PVCBall #

/gate/waterCylinder/daughters/name PVCBall mssssmm) waterCylinder2| 5}9|Z &2 2 PVCBall’d’d
/gate/waterCylinder/daughters/insert sphere

/gate/PVCBall/placement/setTranslation 4.76314 2.75 -6. mm

/gate/PVCBall/geometry/setRmin 0. mm

/gate/PVCBall/geometry/setRmax 1. mm

/gate/PVCBall/setMaterial PVC

/gate/PVCBall/vis/setColor cyan

# glassBall #

/ggte/waterCyIinder/daughters/name glassBal| ) waterCylinder2| S5I#|Z2E2 2 glassBall-d
/gate/waterCylinder/daughters/insert sphere

/gate/glassBall/placement/setTranslation -4.76314 -2.75 6. mm

/gate/glassBall/geometry/setRmin 0. mm

/gate/glassBall/geometry/setRmax 1. mm

/gate/glassBall/setMaterial Glass

/gate/glassBall/vis/setColor red

# glassBall #
/gate/waterCylinder/daughters/name spineBoneBall mmssssmm) waterCylinderS| SIS E2E
/gate/waterCylinder/daughters/insert sphere spineBoneBall’4’d

/gate/spineBoneBall/placement/setTranslation -4.76314 2.75 6. mm
/gate/spineBoneBall/geometry/setRmin 0. mm
/gate/spineBoneBall/geometry/setRmax 1. mm
/gate/spineBoneBall/setMaterial SpineBone
/gate/spineBoneBall/vis/setColor yellow



benchmarkCT.mac ->physics.mac

3. Physics setting

HHAHHHH R

# PHYSICS #
HHAHHHHHHAHH

/control/execute physicsmac m8) physics.mac I13 2 It A3

physics.mac 2| L{&

HHHHHHHHHHHHHH

# EM PROCESS #
HHHHHHHHHHHHHH

/gate/physics/addProcess PhotokElectric
/gate/physics/processes/PhotoElectric/setModel StandardModel

/gate/physics/addProcess Compton
/gate/physics/processes/Compton/setModel PenelopeModel

/gate/physics/addProcess RayleighScattering
/gate/physics/processes/RayleighScattering/setModel PenelopeModel

/gate/physics/addProcess Electronlonisation
/gate/physics/processes/Electronlonisation/setModel StandardModel e-

/gate/physics/addProcess Bremsstrahlung
/gate/physics/processes/Bremsstrahlung/setModel StandardModel e-

/gate/physics/addProcess MultipleScattering e-

/gate/physics/processList Enabled
/gate/physics/processList Initialized



benchmarkCT.mac

4 — Initialization the simulation :

(Compute cross-section tables for particles)

/gate/run/initialize

Initialization O| £ Dj3 Z0f|A Ofcf 28 S HHIX| X2
1. Scanner®| geometry
2. Phantom®| geometry

3. Physics process



benchmarkCT.mac->digitizer.mac

5. Digitizer
WA HAHAHHAHHIAIA

# DIGITIZER #
HHHBHBHHBHARH

/control/execute digitizermac =) digitizermac Il 2 njY A

digitizermac?| L| &
T ———
# DIGITIZER #

WAHI IR AR
1. addere hitsE2
pulses per volumeE 2 4.

/gate/digitizer/Singles/insert adder »
o 7io ol =

ate/digitizer/Singles/insert readout 2. Readout2 £.2 volume(depth)di| 2= pulseS= sfLtol 2|3
/gate/dig />ingles/ = pulse2 &, (| pulse &, Singles?7t ZOIM Al 2 7| EE)

te/diqiti Sinal dout/setDepth 2 volume(depth=2) cluster®f| 2= pulseE2 StLt2| | F pulseZ S
/gate/digitizer/Singles/readout/setDep —> e = Smeloatt Z0TH A S 712
/gate/digitizer/Singles/insert thresholder
/gate/digitizer/Singles/thresholder/setThreshold 10 keV mm) of4x| thresholder
/gate/digitizer/convertor/verbose 0

/gate/digitizer/verbose 0



benchmarkCT.mac -> source.mac

6. Source (gamma)

HHHHHAHH R
# SOURCE GPS #
HHHHAHHHHHAHHHH
ol

/control/execute source.mac ) source.mac |3 = ut A3

source.mac |32 L&

/gate/source/addSource xraygun mp Xraygune 1 22[2| 0|5 2.

/gate/source/verbose 0

/gate/source/xraygun/setActivity 350000. becquerel m) X-M 9| Activity H 7
/gate/source/xraygun/gps/verbose 0

/gate/source/xraygun/gps/particle gamma m) Partcle type= gamma (& Of4d)
/gate/source/xraygun/gps/energytype Arb m) O X|E}US ArbE MH (S|AEDYM B2 LIEILY 7| |3H)
/gate/source/xraygun/gps/histname arb

/gate/source/xraygun/gps/emin 10.00 keV ol x| A * o
/gate/source/xraygun/gps/emax 40.00 keV } e R i R
/gate/source/xraygun/gps/histpoint 0.0100 7 7
/gate/source/xraygun/gps/histpoint 0.0102 4
/gate/source/xraygun/gps/histpoint 0.0104 4
/gate/source/xraygun/gps/histpoint 0.0105 4
/gate/source/xraygun/gps/histpoint 0.0106 6 J

3 3

E[MeV] phton2|

=




benchmarkCT.mac -> source.mac

6. Source (gamma)

source.mac A2 L&

/gate/source/xraygun/gps/histpoint 0.0397 0
/gate/source/xraygun/gps/histpoint 0.0398 0
/gate/source/xraygun/gps/histpoint 0.0399 0
/gate/source/xraygun/gps/histpoint 0.0400 0

3 3
E[MeV] phton2l
B

/gate/source/xraygun/gps/arbint Lin
/gate/source/xraygun/gps/type Plane
/gate/source/xraygun/gps/shape Rectangle
/gate/source/xraygun/gps/halfx 0.025 mm
/gate/source/xraygun/gps/halfy 0.025 mm
/gate/source/xraygun/gps/mintheta 0 deg
/gate/source/xraygun/gps/maxtheta 6.8 deg -
/gate/source/xraygun/gps/centre 0. 0. -15.0 cm m)p Z=2 = &4 O|F
/gate/source/xraygun/gps/angtype iso

/gate/source/list




benchmarkCT.mac -> output.mac

7. Output

HHHAHHHHHH
# OUTPUT #
HHHAHHHHHH

/control/execute outputmac mm) output.mac O3 = nfY HH

source.mac |32 L&

S

# ROOT #

S

/gate/output/root/enable

/gate/output/root/setFileName benchmarkCT » ROOT=H LY H
/gate/output/root/setRootHitFlag 0

/gate/output/root/setRootSinglesFlag 1 »ROOTgfﬂlg Singles?t 2™ =,
/gate/output/root/setRootNtupleFlag O

/gate/output/verbose 2

HHHHHHHH R

# CT Image #

HAHHHHHHHHHH

/gate/output/imageCT/verbose 0

/gate/output/imageCT/enable

/gate/output/imageCT/setFileName benchmarkCT » CT projection = It H(binary, 2t X} dat)

/gate/random/setEngineName MersenneTwister » Random number
/gate/output/imageCT/setStartSeed 567489



benchmarkCT.mac -> verbose.mac

Verbosity

HHHHBHHHBHHHH
# VERBOSITY #
HHHHBHHHBHHHH

/control/execute verbose.macm) Verbose.mac DI = I AlsH

verbose.mac |32 L&
/control/verbose 0

/run/verbose 0
/run/particle/verbose 0

/run/particle/dumpCutValues
/event/verbose 0
/tracking/verbose 0
/tracking/verbose 0

/gate/generator/verbose 0
/gate/source/verbose 0
/run/particle/verbose 0



benchmarkCT.mac -> acquisitoin.mac

8. Start the acquisition
(MZEe 0] Al &faf A0 Al ZF273)

HHHHBHHHFHHARHH

# ACQUISITION #
HHHHBHHHRHH AR

/control/execute acquisition.mac m) output.mac 13 2 mp A3l

acquisitoin.maclj 32 W&

HHHHHHHHHHHHHHHHHHHHHHH AR A A

# ACQUISITION with 360 projections #
HHHHHHHHHHHHHHHHHHHHHHH AR A A
/gate/application/setTimeSlice ~ 1.s ) gt &2}0|A9| A2t
/gate/application/setTimeStart 0. s =) A|E2|0|M A|Z} A|Zt
/gate/application/setTimeStop 360. s H) A EZ|0]M FF A2t

/gate/application/startDAQ ™) GATE A|E2|0|M A|Zh

Number of Run =
(setTimeStop — setTimeStart)/setTimeSlice



GATE CT A|=dj|0| M 3}™

<CTDI&} profileZ7d >
Dose Actor0f 2|5f| 4444 =
Analyze Z3 o} 0| &

Caoronal Sagittal w10
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RootI}&!

Projection
dataZ

@ -

Projection data &3

- | benchmarkVRTCT root

= 7| benchmarkVRTCT_000
#| benchmarkVRTCT_001
| benchmarkVRTCT_D02
+#| benchmarkVRTCT_003
+#| benchmarkVRTCT_004
| benchmarkVRTCT_D0S
7| benchmarkVRTCT_006
+#| benchmarkVRTCT_007

7| benchmarkVRTCT_353
| benchmarkVRTCT_354
+#| benchmarkVvRTCT_355
7| benchmarkVRTCT_356
7| benchmarkVRTCT_357
7| benchmarkVRTCT_358

~ 7| benchmarkVRTCT_359

20140701 2=
2014-07-01 2=
20140701 2=
20140701 2=

2014
2014-07-01 2=
20140701 2=
2014-07-01 2=

2014-07-01 2.

20140701 2=

20140701 2=

20140701 2=

2014-07-01 2=
2014-07-01 2=
2014-07-01 2=
2014-07-01 2=

20140701 2=

uh

ROOT T+ 12KB
DAT T A0KE
DAT T AOKB
DAT T A0KB
DAT T A0KE
DAT T A0KB
DAT T A0KE
DAT T+ A0KE
DAT T AOKB
DAT T} 40KB
DAT T} 40K
DAT T 40K
DAT T} 40KB
DAT T} 40K
DAT T} A0KE

DAT T 40KB



CT A Ed0]M ->0SCaR FDK Reconi}’™

|Z] benchmarkVvRTCT 000 2014-07-01 2=.. DAT Y A0KB

[%] benchmarkVRTCT_001 2014-07-01 2= DAT ¥ A0KB

GATE CTAl % E‘" Ol ﬁ |Z] benchmarkVRTCT 002 2014-07-01 2=.. DAT Y A0KB
|%] benchmarkVRTCT 003 2014-07-01 = DAT ¥ A0KB

‘ [%] benchmarkVRTCT 004 2014-07-01 2% DAT I} 40KB

. . — 7| benchmarkVRTCT 005 2014-07-01 2% DAT I ADKB
PrO_jeCtIOH J'Ll- OEI (dat) é benchmarkVRTCT_006 2014-07-01 2= DAT I 40KB
‘ |Z] benchmarkVRTCT 007 2014-07-01 2% DAT I ADKB

e CT_Scannner_imageCT_dat_readMultiFile_2014_06_30_KangHG_Trying.m
Ol E cH 3 % orig_pmhHNC20scar.m
H — -H-L-— £ QOrig_pmhReadHMC.m
£ sub_CT_ProjlmageRead.m
2 uigetfile2.m

. . —LO| . %] benchmarkCT_OSCaR_data 2= 741 Microsoft Excel .. 41KB

u P rO_J eCtI O n J'L|- = (tlff) || Proj_2014_07_14 source_100kBg_Acq_360sec_benchmarkVRTCT_000 2= 741 TIFF O[O X| 18KB
_— [Z]| Proj_2014_07_14 source_100kBg_Acq_360sec_benchmarkVRTCT_001 2% 741 TIFF O|O) x| 18KB

" Osca R (;I E_:II J'L|- ()EI (Xl S) i F'roj_zﬂl-i_ﬂ?_ldf_source_lDDkB3_;&:3_3Eﬂsec_benchmarkVRTCT_ﬂﬂ2 2= 741 TIFF Q|0 %| 18KB
|| Proj_2014_07_14_source_100kBg_Acq_360sec_benchmarkVRTCT_003 2= 741 TIFF Q|0 X| 18KB

‘ %] Proj_2014_07_14 source_100kBg_Acq_360sec_benchmarkVRTCT_004 2= 741 TIFF Q|0 X| 18KB

|| Proj_2014 _07_14 source_100kBg_Acq_360sec_benchmarkVRTCT_005 2= 741 TIFF 0|0 X| 18KB

O S C a R( I_O a d P roj e Ct | 0 n) 7] Proj_2014_07_14_source_100kBq_Acq_360sec_benchmarkVRTCT_006 o= 741 TIFF O|Oj | 18KB
%] Proj_2014_07_14 source_100kBq_Acq_360sec_benchmarkVRTCT_007 2=74 TIFF O|0O] & 18KB
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