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Spherical coordinates (TtZt&4|) in GATE

y4 r =1 sinf cosy
y =1 sinfl sin g
z =171 cosf

http://en.wikipedia.org/wiki/Spherical_coordinate_system
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NCAT 4D Phantom (Activity map) GIF animation

Activity map (PET)
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NCAT 4D Phantom (Attenuation map) GIF animation
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Activity map (PET) vs. Attenuation map (CT)
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example_dosimetry¥molecular-therapy-1131

NCAT 4D Phantom A|=2f|0]/H 1}’d: 8 steps

1 — Verbosity and Visualization (287 28 U Al 20| M 3}H)

2 — Define the NCAT 4D Phantom geometry (BtX2| 4D CT G422 B M HIH)

3 — Physics processes (physics listad%d)

4 — Initialization the simulation : Compute cross-section tables for particles,
Initialization O| 2 Oj3 = 0flA 1,2,32| &% 7S HiX| X&

5 — Source (Ncat voxelized source : %8 voxel &7|0f| Time Activity Curve 8tH)

6 — Digitizer(PET)
7 — Output setup (ROOT, RawSinogram, ECAT7 Lt &3 Md7H)
8 — Start the simulation(A| =210 A]Zh



NCAT_4D_Phantom_TimeActivityCurve_GATEv6p2_KangHG

GATE6.2 NCAT 4D Phantom DA 2 njo| M

| ROOT_to_Sincgram_FBP_Recon m) ROOT -> Sinogram Het 2 OJET I == FBP recon

| MATLAB_RawSinogram_Recon_Code mp O ERY I E RawSinogram output FBP recon

' Root_output m) Root output (.root)
| RawSinogram_output M) RawSinogram output(.sin, .info, .dim)

. ECAT7 output mp ECAT7 sinogram output(.S)

| data —> _[\/ Voxelized PET activity source
v" Voxelized CT attenuation phantom
GateMaterials.db —>  Water, PMMA, Lung%Q.I =2de 238

vis —> OpenGL viewer?| Zt:, & MH
Main_F{WPhantn:-rn_NCATr’-D_PEr_ECAT?_KangHG» Main Macro

L. -+ Verbosity £ 28l 43
 PET ECAT7 system &%
- NCAT 4D Phantom &%
- v Voxelized PET activity source
v Voxelized CT attenuation phantom
» Physics list
-+ OQutput &%

—l
—
—




data= 2| LHE(1)

data

PET " 2] acti RANGE It

activityRange =)o [T activityRange ~ DAT T2
translator ~ ] liver HAE 2H

- ] NCAT act_1 BIN It

| NCAT_act_2 BIN

| NCAT_act_3 BIN I}

| NCAT act 4 BIN o

. | NCAT_act 5 BIN D}

PETE & (binary) A | NCAT_act_6 BIN I

| NCAT act_7 BIN Dt

| NCAT_act_8 BIN I}

| NCAT act_9 BIN o

L [«] NCAT act 10  BIN Do

= [«] NCAT atn_1 BIN T

]| NCAT atn_2 BIN Dt

| NCAT_atn_3 BIN It

]| NCAT_atn_4 BIN

«t| NCAT_atn_5 BIN I}

CT & 3 E NCAT:atn:E BIN ::fz

(binary) | NCAT_atn_7 BIN T

| NCAT_atn_8 BIN It

]| NCAT _atn_g BIN Dt

L [*] NCAT atn 10  BIN D

CT &2l B (header) mmp |7 NCAT header  H23 T

CT Z2 F4 87| ->Material == =] range DAT It Z
(rangeTranslator )
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DataZ 2| nted L{&(2)

Voxelized-source Voxelized-phantom
/gate/source/voxel/interfileReader/rangeTranslator/readTable
] activityRange ~ DAT D+ [Elrange  DAT IS
;46 016 0 0 Airfalse 0.00.000001.0

15 Breastfalse 05 05051,01,0

4

0

& 53 lung false 0B 080&1.01.0

15

29 36 FibBonetrue 1.01.01.01.01.0

/gate/source/voxel/interfileReader/SetTimeActivityTablesFrom

> |2] acti
TAC table 1

. X Zha g T T T

Time . .

binZh2s=> 11 (activity) (attenuation)
0.0 0.0
01 1 0" .- Bweataa] || NCAT_header H33 me
02 2 e - Imatrix size [1] := 128
03 3 so0 ; } Imatrix size [2] =128
04 5 s ﬁﬁ# lname of data file := data/NCAT _atn_1.hin
s 5 oo~ m}iﬁ o 'number format ‘= unsigned integer
06 10 a0 il TAC X imagedata byte order := LITTLEENDIAN
07 7 o by zscaling factor (mm/pixel) [1] 1= +3,1250008+00
0.5 4 050“1‘ T:Tz‘ S FREY P RSN TEN FS scaling factor (mmeixel} [2] = +3,1250002+00
0a 2 S ime lnumber of slices = 128
1 1 slice thickness (pixelsy ‘= +3,125000e+00

Time [sec] Activity [Bq]



range.dat (CT image->Material)

- Blrange  DAT @2
q
0 0 Air false 00 00 o0 00 1.0
G G lung false 0.8 08 08 1.0 1.0
15 15 Breastfalse 05 05 05 1.0 1.0
29 3B FibBone true 1.0 1.0 1.0 1.0 1.0
Air Lung Breast RibBone

o
(o)}
-
(9) ]

29 36

Counts/bin

T T T

1 1 1
Pixel intensity
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1. Visualisation, Verbosity %4

# Main_RTVPhantom_NCAT4D_PET_ECAT7_KangHG.mac
# First Modified: 2015.04.14 Kang Han-Gyu
(hangyookang@gmail.com)

# Last Modified : 2015.05.28 Kang Han-Gyu
(hangyookang@gmail.com)

# 4D phantom was moved -40 mm along the z-dir.

# NCAT 4D phantom simulation with ECAT7 PET

/vis/disable mE) Visualization2 H|Z/ 43} AlZ.
#/control/execute mac/Visualisation.mac B mac EC{0| Q& visualisation.mac I|3 2 T} ME-> Visualization 4

/gate/geometry/setMaterialDatabase GateMaterials. dom) GateMaterials.dbIt 7} 27|
->Materials.xmlITt ¥ = [I}2fA EE-l of &l
# World
/gate/world/geometry/setXLength 1.5 m=
/gate/world/geometry/setYLength 1.5 m
/gate/world/geometry/setZLength 1.5 m | \orld A XN
/gate/world/setMaterial Air B
/gate/world/vis/setVisible 1
/gate/world/vis/forceWireframe

b Al Ego]M 2 TIs#E world2] x,y,zA7|E HH.
WorIdF.'-.*EE Lt7t= 7+n}k|o||_} kX X} E9| QUX}=

particle tracking®| ZLA| &.
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AY 2.Define the Scanner geometry

/gate/geometry/setMaterialDatabase GateMaterials.db mp 22| " E0| &7l GateMaterial.dbItY 71X F.
(ex> EEEQ| AXE, 2L, 7| M, A, M LE] 5)

#

# WORLD

#

/gate/world/geometry/setXLength  400. cm
/gate/world/geometry/setYLength  400. cm
/gate/world/geometry/setZLength  400. cm

h AlEY0]dS TIEE world?| x,y,zA7|E HH.
WorIdF.'-.*EE Lt7t= ZopdojLt A 2| YXt=
particle tracking0| ZL}A| E.

Fig 1.1: World volume.
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2.Define the Scanner geometry

# SYSTEM(ECAT) N
/gate/world/daughters/name ecat m) World2| 5 SE2E ecat SystemS THs.
/gate/world/daughters/insert cylinder ) cylinder2 &2 £ ecat2 THE.

DX

/gate/ecat/setMaterial Air m) ecatl| =22 ArE 273,

/gate/ecat/geometry/setRmax 44.2 cm m) ecatl| HHZE HIX|E2 4.
/gate/ecat/geometry/setRmin 41.2 cm m) ecatl| ¢t%Z BIX|ES A,

/gate/ecat/geometry/setHeight 15.52 cm m) ecat2| z-= Z0|E 4 7F.

/gate/ecat/vis/forceWireframe m) ecatQ| visHdS wireframe2 2 M.
(CHE %d:forceSolid)

# BLOCK

/gate/ecat/daughters/name vol1 m) ecatOf| vol10|Zt O|F S 7}
/gate/ecat/daughters/insert box =) hox2 Y2 Z voll volumeS
/gate/vol1/placement/setTranslation 427.0 0.0 0.0 mm =) xy,z3
/gate/vol1/geometry/setXLength 30.0 mm
/gate/vol1/geometry/setYLength 35.8594 mm
/gate/vol1/geometry/setZLength 38.7 mm

/gate/vol1/setMaterial Air =) vol12] EEE AiIr2 AH.
/gate/crystal/vis/setColor yellow m) vol12| MAZ yellow=E &7,
/gate/vol1/vis/forceWireframe
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2.Define the Scanner geometry

# CRYSTAL N
/gate/vol1/daughters/name vol2  m vol10f vol20|2t 0| E& 7tX|= ¢l volume 48
/gate/vol1/daughters/insert box =) boxZ2 O 2 vol2 volumes ZHE.

/gate/vol2/geometry/setXLength 30.0 mm
/gate/vol2/geometry/setYLength 4.4 mm
/gate/vol2/geometry/setZLength 4.75 mm
/gate/vol2/setMaterial BGO =) vol22| =222 BGOE &7,
/gate/vol2/vis/setColor red ~ mp vol22| M-S red2 27,

Figure 1 4: crystal. daughter of the block

# REPEAT CRYSTAL

/gate/vol2/repeaters/insert cubicArray m) vol2E cubicArrayd A 22 {5 A
/gate/vol2/cubicArray/setRepeatNumberX 1 upstO =
/gate/vol2/cubicArray/setRepeatNumberY 8 o IZ: g’z 0, ':14?427“4_'85 :nm%*,tﬂal
/gate/vol2/cubicArray/setRepeatNumberZ 8 - prieh= =°
/gate/vol2/cubicArray/setRepeatVector 0. 44942 4.85 mm

1A

Figure 1.5: matrix of crystals
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2.Define the Scanner geometry

# REPEAT BLOCK
/gate/vol1/repeaters/insert linear =) vol1= I|near°“%9 :
/qate/vol1/linear/setRepeatNumber 4 =) voll= 47|| t.'_5‘-.*|5t| = A}

/gate/vol1/I|near/setRepeatVector 0. 0. 38.8 mm » 7% f%ﬂfﬁﬁggg
/gate/voll/repeaters/insert ring m) vol1= rmgOMIOE HEE A| 2

/gate/vol1/ring/setRepeatNumber 72 m) yol1S 72702 360EE 2.

(F2)d& 28 (vol2)lt E=ES(vol)2ZFE ZOrd R OIUX], »tSAX)E +=T517| oM =
1.5 volume2 system01| Eol-l_-'(attach)
2. vol2 volume0i| Crystal Sensitive DetectorE = 0{0f .

# 1. ATTACH SYSTEM
/gate/systems/ecat/block/attach vol1  m) vol1S system/ecat/blockd| = &!.
/gate/systems/ecat/crystal/attach vol2 m)g|22 system/ecat/crystal0| = &!.

# 2. ATTACH CRYSTAL SD
/gate/vol2/attachCrystalSD m) vol20]| Crystal Sensitive DetectorE = &
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2.Define the Scanner geometry

# TUNGSTEN SHIELD

/gate/world/daughters/name carter mp carter2t= O|§= 7tX|= volume 4
/gate/world/daughters/insert cylinder m cylinder2 22 2 volume carter2 ZtH&.
/gate/carter/setMaterial Air m) carter®] 22 AirZ A3,

C

/gate/carter/geometry/setRmax 44. cm m) carter®| HZZ HIX|ES M.
/gate/carter/geometry/setRmin  28. cmm) carter2| 2tZ HIX|E2 M.

/gate/carter/geometry/setHeight 9. cm m) carter2| Z-= ZO0|& 27%.
/gate/carter/placement/setTranslation 0.0 0.0 12.5 cm mp x,y,zH4F 2 2 0| F(Translation)A| .
/gate/carter/vis/forceWireframe m) carter2| vis% 2 wireframe2Z 47,

/gate/carter/daughters/name carter1 m carter0i carter10|2t 0| &2 7}X|= 319l volume ¥
/gate/carter/daughters/insert cylinder m) pox 22429 2 carter1 volumeS TS,
/gate/carter1/setMaterial Tungsten ™) carter12] &S Tungsten2 2 4%
/gate/carter1/geometry/setRmax 30.0 cm m) carter19| HZZE HIX|E2 A
/gate/carter1/geometry/setRmin 29.0 cm m) carter12| OtZ BIX|ES 47,
/gate/carterl/geometry/setHeight 3.0 cm m) carter12| Z-= Z0|F 273.
/gate/carter1/vis/setColor grey mp carter12| visM &S greyZ 474,
/gate/carter1/placement/setTranslation 0.0 0.0 -3 cn m x,y,z 242 =E 0| F(Translation)A| &.

3

A
=

ks
ol

0z O

/gate/carter/daughters/insert cylinderm) pox 2 24O 2 carter2 volumeS TS
/gate/carter2/setMaterial Tungsten ) carter22] &2 Tungsten2 2 4%,
/gate/carter2/geometry/setRmax 40.7 cm m) carter22| HHZZ HIX| &=
/gate/carter2/geometry/setRmin 30.0 cm m) carter22| ¢t& HIX| 52 4.
/gate/carter2/geometry/setHeight 1.0 cm mp carter22| Z-= Z0|Z €%.
/gate/carter2/vis/setColor greym) carter22| vis* &2 grey2 A7,
/gate/carter2/placement/setTranslation 0.0 0.0 -2 cm mp x,y, 222 = O[S (Translation)A| &.
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2.Define the Scanner geometry

| .

/gate/carter/daughters/name carter3 m) carterOl carter30|Zt O| 55 7}X|= 519 volume 4’8
/gate/carter/daughters/insert cylinderm) box2 22 2 carter3 volumeS PSS,
/gate/carter3/setMaterial Tungsten B carter32| 2 & Tungsten2 = 4%
/gate/carter3/geometry/setRmax 40.7 cm mp carter32| HIZZ BtX|ES
/gate/carter3/geometry/setRmin 39.7 cm mp carter32| ¢+ EIX| S5 4
/gate/carter3/geometry/setHeight 3.0 cm m) carter32| Z-= Z20[§ 274,
/gate/carter3/vis/setColor greym carter32| visM &S greyZ A7,
/gate/carter3/placement/setTranslation 0.0 0.0 0 cm mpx,y,zHZ 2 =2 O|F(Translation)A|&.

%o
HI’

n
0% 0

oz nx

| .

/gate/carter/daughters/name carter4 mp carter0fl carter40|2t 0| &2 7}X| & 319l volume ¥
/gate/carter/daughters/insert cylinder® box2 %2 Z carter4 volumeS 2t
/gate/carter4/setMaterial Tungsten m) carter42| &2 Tu;ngstenSE A
/gate/carter4/geometry/setRmax 43.7 cmm) carter42| B2 = HIX| S & 2
/gate/carterd/geometry/setRmin 40.7 cm ®p carter42| Ot& HHX| S5 2
/gate/carter4/geometry/setHeight 1.0 cm =) carter42| Z-= Z0|§ 2.
/gate/carter4/vis/setColor greym) carterd2| vis* &2 greyE 27,

/gate/carterd/placement/setTranslation 0.0 0.0 1 cm =Xy, 7422 O[S (Translation)Al .

ain T

bl

G|

0 Uz
020
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Carter (Tungsten shielding)

+Y

Carter

|

+Z
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2. Voxelized phantom &7

/gate/world/daughters/name Ncat ®p world2| 5t2/EE2 2 Ncat4d (Ncat2 keyword 2).
/gate/world/daughters/insert regularMatrix =) NcatOf| Voxelized volume= & &
#/gate/world/daughters/insert compressedMatrix
/gate/Ncat/geometry/insertReader interfile M Interfile ReaderE &

/gate/Ncat/verbose 0

/gate/RTPhantom/insert RTVPhantom m) RTVPhantomzt= 0|52 = RTPhantom’d‘d(RTPhantom= keyword)
/gate/RTVPhantom/AttachTo Ncat =) RTVPhantom= Ncat0 & Rl (attach)
/gate/RTVPhantom/SetNumberOffFrames 10 m) RTVPhantom(=Ncat)2| & frame7H %
/gate/RTVPhantom/SetTimePerFrame 0.1 s m) RTVPhantom(=Ncat)2| frame FAIZES £ Io
/gate/RTVPhantom/verbose 0

/gate/RTVPhantom/setHeaderFileName data/NCAT header.h33 m Interfiled| | L= 8101 =0f Ncat0f =&
/gate/Ncat/interfileReader/insertTranslator range m) NcatOll rangeTranlsator &4 (CT 4 ¥7| H|->Material 2 HEH
/gate/Ncat/interfileReader/rangeTranslator/readTable data/range.datm) dataZ 12| range.datt S 30| S Y.
/gate/Ncat/interfileReader/rangeTranslator/describe 1

# Ncat was moved -40 mm along the z-dir to locate at the center of the PET FOV (2015.05.28.KangHG)
/gate/Ncat/placement/setTranslation 0. 0. -40. mm m) NcatZ x,y,z8Z 22 translation A Z.
/gate/RTVPhantom/setBaseFileName data/NCAT ) NCAT interfileS dataZCI2| NCATS 2 A|Xféts mHUHO = x|
#/gate/Ncat/vis/forceSolid

#/gate/Ncat/vis/setColor Blue

*OA

/gate/Ncat/attachVoxelPhantomSD m) Ncat=& 0l PhantomSensitiveDetectorE attachA|Z.
#/gate/geometry/update
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3. Physics &%

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

/gate/physics/addProcess Compton
/gate/physics/processes/Compton/setModel StandardModel

/gate/physics/addProcess GammaConversion
/gate/physics/processes/GammaConversion/setModel StandardModel

/gate/physics/addProcess Electronlonisation
/gate/physics/processes/Electronlonisation/setModel StandardModel e-
/gate/physics/processes/Electronlonisation/setModel StandardModel e+
/gate/physics/processes/Electronlonisation/setStepFunction e+ 0.2 0.1 mm
/gate/physics/processes/Electronlonisation/setStepFunction e- 0.2 0.1 mm

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

/gate/physics/addProcess PositronAnnihilationmp XY A H
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3. Physics &%

# Below 3 lines are WRONG! KangHG(2015.04.14)

# Before -> MultipleScattering (X) WRONG
# After -> eMultipleScattering (O) OK

#/gate/physics/addProcess MultipleScattering
#/gate/physics/processes/MultipleScattering/setGeometricalStepLimiterType e- distanceToBoundary
#/gate/physics/processes/MultipleScattering/setGeometricalStepLimiterType e+ distanceToBoundary

# | added "e" at the prefix of the MultipleScattering! KangHG(2015.04.14)

/gate/physics/addProcess eMultipleScattering
/gate/physics/processes/eMultipleScattering/setGeometricalStepLimiterType e- distanceToBoundary
/gate/physics/processes/eMultipleScattering/setGeometricalStepLimiterType e+ distanceToBoundary

/gate/physics/processList Enabled
/gate/physics/processList Initialized
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/gate/physics/Gamma/SetCutinRegion
/gate/physics/Electron/SetCutinRegion
/gate/physics/Positron/SetCutinRegion

#/gate/physics/Gamma/SetCutinRegion
#/gate/physics/Electron/SetCutinRegion
#/gate/physics/Positron/SetCutinRegion

#/gate/physics/SetMaxStepSizelnRegion
#/gate/physics/Gamma/SetCutinRegion
#/gate/physics/Electron/SetCutinRegion
#/gate/physics/Positron/SetCutinRegion

#/gate/physics/SetMaxStepSizelnRegion

3. Physics Cut 2

crystal 1.0 cm
crystal 1.0 cm
crystal 1.0 cm

phantom 0.1 mm
phantom 0.1 mm
phantom 0.1 mm

phantom 0.01 mm

RTVPhantom 0.1 mm
RTVPhantom 0.1 mm
RTVPhantom 0.1 mm

RTVPhantom 0.01 mm
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4 — Initialization the simulation :

(Compute cross-section tables for particles)

/gate/run/initialize

# Enable the following lines to display available and enabled processes
# /gate/physics/processList Available

# /gate/physics/processList Enabled

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

3. Physics process
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5. Source (voxelized-source) : 511 keV

/gate/source/addSource voxel voxel m) voxel O|2}= O|F2| sourceE voxelZ &g
/gate/source/verbose 0
/gate/source/voxel/reader/insert interfile

/gate/RTVPhantom/AttachToSource voxel ) RTVPhantom= voxel source0f 2 ¢
/gate/source/voxel/interfileReader/translator/insert range m) voxel 0 rangeTranslatorE & &
/gate/source/voxel/interfileReader/rangeTranslator/readTable data/activityRange.dat m) rangeTranslator AHE
/gate/source/voxel/interfileReader/SetTimeActivityTablesFrom data/acti.range m) TAC tableZ 2{0{ S¢.
/gate/source/voxel/interfileReader/SetTimeSampling 0.1 s m) Voxelized-source®| framed A|Zt=S A 7H

/gate/source/voxel/interfileReader/rangeTranslator/describe 1

# 4D phantom was moved -40 mm along the z-dir.
/gate/source/voxel/setPosition -200. -200. -240. mm m) Voxel sourceS x,y,z8 &2 E translation A|E.

/gate/source/voxel/setType backtoback m) backtoback sourceE voxel = 474
/gate/source/voxel/gps/particle gamma m) Particle typesS gammaZ 278
/gate/source/voxel/setForcedUnstableFlag true 7 wiz151= = A (F-
/gate/source/voxel/setForcedHalfLife 6586.2 s } 8IS 66862 52 2E(F-18)
/gate/source/voxel/gps/energytype Mono ]_ gamma<= 511 keV2| mono energy® A%
/gate/source/voxel/gps/monoenergy 0.511 MeV N
/gate/source/voxel/gps/confine NULL =) gamma sourceE LHE ZE0 confinedtX| @2,
/gate/source/voxel/gps/angtype iso m) gamma sourceS isotropicStH = A|Z.
/gate/source/voxel/dump 0

/gate/source/voxel/verbose 0
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5. Source (rangeTranslator)

Voxelized-source

/gate/source/voxel/interfileReader/rangeTranslator/readTable

[2] activityRange  DAT I

1
245 246 0,

/gate/source/voxel/interfileReader/SetTimeActivityTablesFrom

-lgli:;eﬂ—f— - 11 (activity)
0.0 0.0 v 50
01 1 A R A
[:I.2 2 600— ﬁ E&H@ﬁﬂ
03 3 3 e |
04 5 ok L
05 8 e %ﬁ Ny
0.6 10 ok I iRy
07 7 o g TAC X,
05 4 Ozngﬁjz‘ ‘ ;‘3 04 o5 o8 o7 08 09
09 2 ‘ '

1 1
Time [sec] Activity [Bq]

Voxelized-phantom

|2 range DAT mpe

4

0 0 Gir false 00000000 1.0

5 53 lung false 0.8 080,817,010

15 15 Breastfalse 0505 051,01.0
29 36 RibBone true 1,01,01,01,0 1.0

\\\\\\\\\\\\\\\\\\\\\

2 g
(attenuation)

|Z| NCAT_header H33 m}
matrix size [1] =125
matrix size [2] =125
lname of data file = data/MNCAT_atn_1.bin
lnumber formaft = unsigned integer

imagedata bwte order = LITTLEEMDIAN

zcaling factor (mmApixel) [1] = +3,125000s+00
scaling factor (mmpixeld [2] = +3 125000e+00
lnumber of slices (=128

slice thickness (pixels) = +3,125000e+00

o
1]
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6. Digitizer (energy thresholder)

I ADDER
/gate/digitizer/Singles/insert adder

# READOUT
/gate/digitizer/Singles/insert readout
/gate/digitizer/Singles/readout/setDepth 1

# ENERGY BLURRING
/gate/digitizer/Singles/insert blurring
/gate/digitizer/Singles/blurring/setResolution 0.26

Pulse=0| Singles= Z [ 511 keVO|| Ci5IO| Detectorl|
0|4 X] 23l& (Energy resolution)= 26% = Bt A|Z.

/gate/digitizer/Singles/blurring/setEnergyOfReference 511. keV SinglesAdder Singles
Energy
energy [MeV] energy [MeV]
# ENERGY CUT Singles®| 04 X| &5 27
/gate/digitizer/Singles/insert thresholder =X| & 350 keV, Z|CH 750 keV
/gate/digitizer/Singles/thresholder/setThreshold 350. keV 7

/gate/digitizer/Singles/insert upholder
/gate/digitizer/Singles/upholder/setUphold 750. keV

Thresholder= 350 keV  upholder= 750 keV
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6. Digitizer (Dead time)

# DEAD TIME

/gate/digitizer/Singles/insert deadtime m) Singles HA= Al deadtime ArE
/gate/digitizer/Singles/deadtime/setDeadTime 3000. ns ms) Deadtime= 3000 ns2 = &7
/gate/digitizer/Singles/deadtime/setMode paralysable m) Deadtime OtH| 2= &7
/gate/digitizer/Singles/deadtime/chooseDTVolume vol1 mm) vol1(block)0il CH3 deadtime &7

t=Detector2| dead time.
Detector(B&7| 28)2 TE

H| OfH]“d (Non-paralysable dead time) PMT, SiPM L.
T = detector?| dead time
—> =02 4ord : 774
™ ass 200 3)

LT 11

0| (Paralysable dead time
:dead timeO| F|0|2 ZOIMO 2|3l A% S50
T
> » =0{= Zord - 774
Hd=F Z0pd 174

--=>
>
—=>
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6. Digitizer (Coincidence sorter)

# COINCI SORTER

/gate/digitizer/Coincidences/setWindow 10. ns mp SAIAlT AlZE H(1), &2 5~10 ns
/gate/digitizer/Coincidences/setOffset 0. ns mp SA|A 5= AZHE 2| time shift (promptl] Z< 0)
/gate/digitizer/Coincidences/describe

/gate/digitizer/name delay ms) XA A2 HES &Y.
/gate/digitizer/insert coincidenceSorter

/gate/digitizer/delay/setWindow 10. ns = X|H A= A
/gate/digitizer/delay/setOffset 500. ns =) K| HAA = A
/gate/digitizer/delay/describe BE) delay2| ZItE & stH

g

|2 &), SAAT AlZE &3O Z2A si=.
| ZHEEO| time shift (delayel Z2 SAIA4 AlZHE 2CF 2A 813

/gate/digitizer/name finalCoinc M finalCoinc 2= coincidence sorterg 4’8
/gate/digitizer/insert coincidenceChain B coincidenceChainZ finalCoinc0f| A}&.
/gate/digitizer/finalCoinc/addIinputName delay finalCoincO| M delay?t CoincidencesE
/gate/digitizer/finalCoinc/addIinputName Coincidences Mz JE3HAE.
/gate/digitizer/finalCoinc/usePriority true

/gate/digitizer/finalCoinc/describe BB finalCoincl| ZItE Z2HO|| HtstA| 2.

—
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Verbose

#/gate/verbose Physic 0
#/gate/verbose Cuts 0
#/gate/verbose Actor 0
#/gate/verbose SD 0
#/gate/verbose Actions 0
#/gate/verbose Step 0
#/gate/verbose Error 0
#/gate/verbose Warning 0
#/gate/verbose Output O
#/gate/verbose Core 0

/run/verbose 0
/event/verbose 0
/tracking/verbose 0
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/. Output setup
(ROOT &3 LtHo| =5 4H)

# SETUP -ROOT FILE ;%);Eii%f%g;
/gate/output/root/enable m) ROOT It E£3 enable r 20/ M LI (binary)
/gate/output/root/setFileName Root_output/2015_05_28_TAC_NCAT_Slice60sec_Acqlsec_test00
/gate/output/root/setRootSinglesAdderFlag O =) Adder0fl 2|3t Z ooty A4 Alx
/gate/output/root/setRootSinglesReadoutFlag 0 BE) readout0ll 2|3t ZafmbQ Ay
/gate/output/root/setRootHitFlag O mE) Hito]| 2|3 Zajmte My

/gate/output/root/setRootSinglesFlag 1 mE) Singles Zafmpe! M

/gate/output/root/setRootCoincidencesFlag 1 M8 CoincidencesZtote 4’d (4

3 Hy  ASF oo o1 X|, SfIEAL K], 5712 x,y.z
o| ZofM HtE £ X|,Sinogram &

Ana.ccLtg 2 IHE® FBP ZEE
sinogram@t 2 B Sinogram.txt = oy T A
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readoutO]| 2|t ZAnjutY H/dx
/. Output setup
(Raw 2D sinogramZ&& u}g)

2 mielm.
System2 E ecat system HE= ecatAccel systemO| 2D 3.'2,?9"’"“ =9 o . .
MEHE|Of Q1= ZH<0 *|'9'7|'o =0} 2 H.ima (binary, umt16 | 2D sinogram)

ne S I} A H dim (ASCII, sinogram°| size HH)
»I}UH info (ASCII, *imaS 47| QI3+ |43t

/gate/output/sinogram/enablem Sinogram output & enableA|Z!. r’ M, ex>Ring difference, radial position)

/gate/output/sinogram/setFileName ./RawSinogram_output/2015_05_28 RawSinogram_NCAT_Acq1sec_test00

/gate/output/sinogram/setTangCrystalBlurring 1.8 mm mE) Tangential #&2 2 crystal blurring
/gate/output/sinogram/setAxialCrystalBlurring 1.8 mm mm) Axial H&2 2 crystal blurring
/gate/output/sinogram/verbose 2

#/gate/output/sinogram/RawOutputEnable false m) Sinogram output = disableA| Z.
/gate/output/sinogram/RawOutputEnable true mE) Sinogram output 2 enableA|Z!.
/gate/output/sinogram/StoreDelayeds mE) Delay® 2| sinogram =,
/gate/output/sinogram/StoreScatters mm) Scatterzl sinogram =3.
/gate/output/sinogram/setinputDataName finalCoinc ms) finalCoinc2t= coincidence sorter2 sinogram & &

o =

/gate/output/sinogram/describe mE) Sinogram ouput®| MF At S 2HHO| S| F.

example_PET2| B #radial bin=288, #azimuthal bin = 288, #Sinogram = 1024%
(DHEEEI'.I FBP s L %'é,"IH-_r“E,' 7}%) PET_Ecat_Sinogram_ima_binary_read_2015_02_02_KangHG.m
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/. Output setup
(ECAT7 3Dsinogram &= m}g)

# SETUP - ECAT7 output sinogram
/gate/output/ecat7/enable

/gate/output/ecat7/verbose 2 ECAT7 &3 mYE.
2 SE XS E
/gate/output/ecat7/setFileName r 20{M L& (binary)

/gate/output/ecat7/setFileName ./ECAT7_output/2015_05_28 ECAT7_NCAT_Slice1sec_Acqlsec_test00

/gate/output/ecat7/describe
/gate/output/ecat7/mashing 2
/gate/output/ecat7/span 9
/gate/output/ecat’7/maxringdiff 22
/gate/output/ecat//system 962
/gate/output/ecat7/IsotopeCode F-18
/gate/output/ecat7/IsotopeHalflife 6586.2 second
/gate/output/ecat7/IsotopeBranchingFraction 1.0

ECAT7 2| HEHE 3D sinogramO| L}2. (STIR 2T E¢Jo|2 M7 d 7I5)
STIRE open220|1 HWAIO|EOf|M ZtThSt SETF S1H CH22E 7t5.
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Random number generation

# RANDOM

# Random engines : JamesRandom, Ranlux64, MersenneTwister(Default)

#/gate/random/setEngineName Ranlux64 Random engines2| &&F 37}X|
. =Ranlux64
#/gate/random/setEngineName JamesRandom «JamesRandom

/gate/random/setEngineName MersenneTwister - =MersenneTwister (Default)

#/gate/random/setEngineSeed default m) CLHEP internal seedE 7FMCH7b (24 22 44 2)
#/gate/random/setEngineSeed auto M) GATE runO}Ct random number seed7t AHZ 44
/gate/random/setEngineSeed 1021 ™) AL X7} manual 2 [0~900,000,000]AF0| 2] &
#/gate/random/resetEngineFrom fileName m) CLHEP internal seed& 7tMLCt7t Z (24

#/gate/random/verbose 1
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8. Start the acquisition
(MZEe 0] Al &faf A0 Al ZF273)

# - - - - - - - - - - - - - - - - - - - """ —_—_——_—_—_—_—=—-——-
# START ACQUISITION
# TIME PARAMETERS
# - - - - - - - - - - - - —-—_ - - —_—_ —_ " —_—_—_—_—_—_—_—_—_—_——=—Z~—<™—

Number of Run =
# EXPERIMENT (setTimeStop — setTimeStart)/setTimeSlice
#
/gate/application/setTimeSlice ~ 60. s = $t &a}0| A 9| A|Zt
/gate/application/setTimeStart 0. s mE) A|22{0]M A|=H A|Zt
/gate/application/setTimeStop  60. s m) A|E2|0|M Z&F A|Zt
#
# LET'S RUN THE SIMULATION!
#

/gate/application/startDAQ =) GATE A|£2{0|M A|Zh
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GATEv6.2 0| A| mjd

“Main_RTVPhantom_NCAT4D_PET_ECAT7_KangHG.mac”
AlEeo| M &1



STIRE 0|2%t ECAT7 QA T M =X

GATE ECAT7 PET A|&dj|0|M

4

v ECAT7_sinogram.S &3 utQ M/

STIR ‘

HHO|> ./ifheaders_for_ecat7 ECAT7_sinogram.S

4

v' ECAT7_sinogram_S_f1g1d0b0.hs (ecat

3

vitIC|E{2 OSMAPOSL_with_projector_pair.par Zt0j|A{ of2jQ} Z0| X|H

input file := ECAT7_sinogram_S_f1g1d0b0.hs

STIR ‘

header) 4/

HH0{> ./OSMAPOSL OSMAPOSL_with_projector_pair.par

v Output.ahv (header : ASCII)

v Output.hv (header : ASCII)
v' Output.v (Recon B4 : binary) mp

AMIDE=Z “import raw
0| 835 M ReconEl H4

STIR : Software for Tomographic Image Reconstruction




voxelized-source g4t

Al vs. Recon®l PETY

transverse 1

coronal 1

sagittal 1

Voxelized-source @4

-

STIRE Recon E PETE#
(Ventricle blood pool &4

voxelized source®}

Recon =l PET GAH9|
g
=




A2

= L

- NCAT 4D Phantom= 0|-&5} 0 voxelized-source(activity)
ot voxelized-phantom(attenuation)2 A|ZH0]] [HE 2 M 3
activity H2}= A|=2]|0[M Tt=

« STIRE O|8d|M &2 A 2| blood pool ¥ &1t voxelized-
source(activity) 70| E&7Ee0| & O|F 01 3.



