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SmartPhantom (Geant4 Simulation)
* Produces ROOT file

Post Processing Scripts (in C++)
» \oxelize data

* Basic plot of energy in 3 axes

* Produce Matlab input file

e Produce HDF5 file for k-Wave(C++)
Input

k-Wave (C++ Binary)
e Produce HDF5 file

SP-MatMaker.sh

Commands to run all those scripts are bundled into this bash script.
Users can just comment or run the commands separately as necessary.

Run with:
e . SP-MatMaker.sh

0/1x02.hep.ph.ic.ac.uk — Konsole

File Edit View Bookmarks Settings Help

#! /bin/bash
ulimit -s unlimited

AR
# Run G4 Simulation #
R
./SmartPhantom runl.mac

AR
# Compile MatMaker #
B
atMaker
>-MatMaker SP-MatMaker.cpp ProcessRoot.cpp DataManager.cpp KWaveInput.cpp MatFile/MatFile.cpp -1fftw3 -1m "root-
ig --cflags --glibs”

e

# Run MatMaker #

RBH

# Arguments are: Input File, Matlab Filename to create, k-Wave Input Filename to create, Voxel-Height(axis y in Geant4),
] Voxel-Width(axis x in Geant4), Vox th(axis z in Geant4)

./MatMaker/SP-MatMaker "waterhits.root" "energy density data2 cpp.mat" "kwave input cpp.h5" 10 10 5

B
# Run K-Wave #
e
./kspaceFirstOrder-OMP -i "kwave input cpp.h5" -o "kwave output cpp.h5" --p_final




SmartPhantom (Geant4)

Purpose:
* Run physics interaction simulation through a water phantom

Input:
» Text file with particle coordinates for beam
o (x[m], x'[rad], y [m], y' [rad], KE [MeV], t [ns] )
» Default: test file.dat

Output:

« ROQT file containing information of phantom volume and detectors

» Stores: energy deposited, time of hit, event number, position (x,y,z), steplength, delta time
of hit, and name of particle causing the interaction

o Default: waterhits.root

Command to run separately:
o ./SmartPhantom runl.mac



SmartPhantom (Geant4) -- Visualisation

FEHLD O a 200000 @G

Scene tree, Help, History Useful tips viewer-0 (OpenGLStoredQt)

Can be run with visualisation
e ./SmartPhantom |

By default it is just a cube of water

Various commands can be entered [
into the console

> physics_lists
>-gun
> vis
>~ hits

> heptst
>~ physics_engine

Output

Basic 10 commands:

# Re—establish auto refreshing and verbosity:
/vis/wviewer/set/autoRefresh true

/ / wer/refresh

/vis/verbose warnings
v
/
W

* /SP/IO/inputFile “test file.dat”
* /SP/IO/outputFile “waterhits.root”

isualization verbosity changed to warnings (3)
vis/scene/endOfEventAction accumulate
VARNING: The vis manager will keep up to 100 events.
This may use a lot of memory.
It may be changed with, e.g., "/vis/scene/endOfEventAction accumulate 10".
#/gun/position 0 0 —150




SmartPhantom (Geant4) -- Basic Commands

e To add phantom walls:
e /SP/detector/enablePhantomWall true

FEL G 2 000D @O
Scene tree, Help, History Useful tips viewer-0 (OpenGLStoredQt)

Scene tree Help History
Search:

Command

>~ control

v

units

w

analysis

>-gui

v

particle

w

geometry

w

tracking

v

event

v

cuts

> run

w

random

v

process

v

score

W

material
2-5P

v

physics_lists
>-gun

>-vis

w

hits

v

heptst

v

physics_engine

QOutput

jo
=]
1]

Obsolete world logical wvolume is removed from the default region.
worldLogical is registered to the default region.
G4FPhysicalVolumeModel::Validate(): A volume of the same name and
copy number ("worldPhysical", copy 0} still exists and is being used.
But it is not the same volume you criginally specified
in /vis/scene/add/.
/vis/scene/notifyHandlers scene—0
/run/geometryModified
/run/reinitializeGeometry
/vis/scene/notifyHandlers scene-0

Session :




SmartPhantom (Geant4) -- Basic Commands

BEHO O a2 2000 0y @0

. |O a d d d ete Cto rS : Scene tree, Help, History Useful tips viewer-0 (OpenGLStoredQt)

Scene tree Help History

» /SP/detector/enableScifi true

Command

>~ control

units

analysis

» Adds four scintillating stations each
with two planes (pictured in green)

geometry

tracking

event

cuts

>-run

random

process

score

material
»-5P

physics_lists
>-gun
> vis

hits

heptst

physics_engine

QOutput

Obsolete world logical wvolume is removed from the default region.

worldLogical is registered to the default region.

G4PhysicalvolumeModel: :Validate () : A volume of the same name and
copy number ("worldPhysical", copy 0) still exist
But it is not the same wvolume you criginally spec
in /vis/scene/fadd/.

/vis/scene/notifyHandlers scene—0

/run/geometryModified

/run/reinitializeGeometry

/vis/scene/notifyHandlers scene-0

and is being used.
d

Session :




SmartPhantom (Geant4) -- Basic Commands

BEEHD O a2 000 Do @0

Scene tres, Help, History Useful tips viewer-0 (OpenGLStoredQt)

e To run a beam type:
* /run/beamOn 10

Command

control

units

analysis
>-gui

particle

e Simulates 10 proton particles
as defined by the first ten
coordinates in the input file.

random

geometry

tracking

event

process

score

material

> sp
physics_lists

e Change the argument to
the number you want

hits

heptst

physics_engine

Qutput

End of RunAction
Run terminated.
Run Summary
Number of events processed : 10
User=0.08s Real=0.0%9s Sys=0.02s
Data written to: waterhits.root
RootIO File Closed.
WARNING: 10 events have been kept for refreshing and/or reviewing.
"/wis/reviewKeptEvents" to review them one by one.
"/wis/enabkle", then "/vis/viewer/flush" or "/vis/viewer/rebuild" to see them accumulated.

Session : |




SmartPhantom (Geant4) -- Basic Commands

Can use the left hand menu to see different commands.

Commands under SP are ones | added

There is a basic description of what the commands do and
what arguments are expected.

For more complex edits you will have to edit the source files
and recompile (i.e. src/DetectorConstruction.cc)

>~ material
ol
- detector
setWorldMaterial
setPhantomVolume
enablePhantomwall
setPhantomThickness
setPhantomMaterial
setWaterVolume
setWaterMaterial
enablescifi
v-10
inputFile
outputFile
> - physics_lists
>-gun

Command /SP/detector/setWorldVolume
Guidance : Modify dimensions for world
volume.

Range of parameters : Half_X=0. &&
Half_¥>0 && Half_Z >0

Parameter suidance Type Omn
1 | HalfX d False

2 Half.Y d False



SmartPhantom (Geant4) -- Batch Mode

* For large number of particles easiest to run in batch mode

* Supply a macro file as the argument
e ./SmartPhantom runl.mac

e Supply the G4Acommands in the macro file
E

File Edit View Bookmarks Tools Settings Help

[} New [ Open.. Save [ SaveAs.. [ ] Close

runl.mac — KWrite VoA @




SmartPhantom (Geant4) -- ROOT File

* Produced ROOT file where different volumes are TTrees storing various simulation
results shown as histograms

ROOT Object Browser

Browser | File Edit Yiew Options Tools

Help

Files |

84 % & Draw Option: :
(ront -
[CIFROOF Sessions

S ROOT Fles

Elﬂg waterhits root =
- | Geometry 1
(= # | Phantom;1

[ # | Station _Eposy;1
[ % | Station1 _FlaneH;1
- | Station1 _Flane;1
- 9| Station2_Epoxy;1
- | Station2_PlaneH;1
- 9 | Station2_Flanev;1
- | Station3_Epoxy;1
- % | Station3_FlaneH;1
- | Station3_Flanev;1
- | Stationd _Epoxy;1
- % | Stationd_PlaneH;1
- | Stationd _Plane';1

T

Filter: | All Files ¢.7 [~]

Canvas_1 EJ| Editor 1 [
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Post Processing Scripts

Purpose:

* Apply post processing to data (i.e. voxelize results)
o Still very basic

Input:
» Reads the ROOT file from the Geant4 simulation + parameter settings
» Default: waterhits.root

Output:
» Writes input file for k-Wave as a Matlab file or HDF5 file for the C++ binary
* Default:
* energyplot-protons.png
* energy density data2 cpp.mat
* kwave _input_cpp.h5
Command to run separately (after compiling):

» ./MatMaker/SP-MatMaker “waterhits.root” “energy _density data2 cpp.mat”
“kwave _input cpp.h5” 10 10 5



Post Processing Scripts -- Adjusting Parameters

» Easiest parameter to adjust is the voxel size
* Done by editing SP-MatMaker.sh and adjusting last three parameters
* Since phantom is 300 x 300 x 300 mm3, divide by the given size to get number of voxels
* Note transverse coordinates in Geant4 and k-Wave are swapped (x X y)

() 1x02.hep.ph.ic.ac.uk — Konsole
File Edit View Bookmarks Settings Help

#!/bin/bash
ulimit -s unlimited

s e e
# Run G4 Simulation #
T
./SmartPhantom runl.mac

R
# Compile MatMaker #

aker SP-MatMaker.cpp Pro Root.cpp DataManager.cpp put.cpp MatFile/MatFile

# Run MatMaker #

R

# Arguments are: Input File, Matlab Filename to create, k-Wave Input Filename to create, Voxel-Height(axis y in Geant4),
4 Voxel-Width(axis x in Geantd), Voxel-Depth(axis z in Geant4)

./MatMa e S water "ene ty data D.mat" " input_cpp.h5" 10 10 5

FAH AR
# Run K-Wave #
EEEE e
/k eFirstOrder-OMP -i "kwave_input_cpp.h5" -o "kwave_output_cpp.h5" --p_final




Post Processing Scripts -- Adjusting Parameters

 Adjust the k-Wave input is done by editing: MatMaker/SP-MatMaker.cpp
* Only basic parameters implemented (based on simple example Ben sent me)

; 0 1x02.hep.ph.ic.ac.uk — Konsole

File Edit View Bookmarks Settings Help
g
// Write K-Wave Input //
i
K eInp eInput(

// it still writes default (default = 10)

// Absorption within the perfectly matched
// Define bin dimensions // layer in Nepers per grid point (default = 2)

im[3];

‘I Dim[1]
Dim[2
izl // Define the properties of the propagation medium
float mediumSoundS 1500 // [m/s]
d

/sum() ; -})-reference sound speed used within the

// k-space operator (phase correction term)

I

ing by multiplying by window filter
// Grueneisen parameter for water
// Whether or not to smoothen data
// Whether to restore magnitude after smooth
// Type of window function
// (K-Wave uses rotational window by default)

/7 [s]

// Sensor Mask
// Following should give the same indices as with: sensor.mask(Nx/2, Ny/4:4:3% 4, 3*Nz/4) =1
std: <unsigned longs sorMask = kwaveInput.Sens K

// Grid Size (should be consistent with Matlab convention)
unsigned long nDim[0]; // Height
unsigned long nDim[1]; // Width
i binDim([2]; // Depth
// grid point spacing in the x direction [m]
// grid point spacing in the y direction [m] eInpl
// grid point spacing in the z direction [m] ST
eInput.WriteFile(

std: :cout




Post Processing Scripts -- Output

Energy distribution vs binned z

* Running the script produces a plot to check EE
binned energy against the three axes e
* energyplot-protons.png o

* File for input to Matlab for k-Wave (to -E =
supply as initial pressure source) TE
* energy_density_data2_cpp.mat E:

e File forinputto run k-Wave (C++ binary) : ) T
o kwave_input_cpp.h5 TE




k-Wave (C++ binary) - From (www.k-wave.org)

e Purpose:
* Model pressure wave
* Input:
* Reads the HDF5 file from the Geant4 simulation + parameter settings (to be discussed)
* Default: kwave input _cpp.h5
e Qutput:
* Runs k-Wave simulation where arguments specify variable saved
» Default: kwave output cpp.h5

« Command to run separately:
 ./kspaceFirstOrder-OMP -i “kwave_input cpp.h5” -0 “kwave output cpp.h5” --p_final

* Final argument allows user to select what parameters to save, in this case the final pressure
field



k-Wave (C++ binary) - From (www.k-wave.org)

* Plotting p_final from the C++ output * Seems to match final pressure field when
gives: running in Matlab (colormap different)
Figure 1 Figure 1
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