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BackgroundBackground
Recently, Monte Carlo simulation has been Recently, Monte Carlo simulation has been 
focused in medicine, especially in radiology focused in medicine, especially in radiology 
departmentdepartment
A detail of human volume data is needed in A detail of human volume data is needed in 
Monte Carlo simulation for medical Monte Carlo simulation for medical 
applicationsapplications
A detail of human volume data can be A detail of human volume data can be 
obtained from CT images obtained from CT images 
But there are not enough tools in medicine But there are not enough tools in medicine 
that can convert CT image to a format that that can convert CT image to a format that 
can be processed in Monte Carlo simulationcan be processed in Monte Carlo simulation



PurposePurpose
We designed and developed 2We designed and developed 2--D DoseD Dose--CT CT 
Mapping software using Geant4 and ImageJMapping software using Geant4 and ImageJ
–– To convert CT image to a format that can be To convert CT image to a format that can be 

processed in Geant4processed in Geant4
–– To display dose mapping on CT image using To display dose mapping on CT image using 

ImageJImageJ



MaterialsMaterials
Monte Carlo Simulation ToolkitMonte Carlo Simulation Toolkit
–– Geant4(ver.4.8.1p01)Geant4(ver.4.8.1p01)

22--D DoseD Dose--CT ViewerCT Viewer
–– ImageJ(ver.1.37b)ImageJ(ver.1.37b)

a public domain Java image processing programa public domain Java image processing program
runs, either as an online applet or as a downloadable runs, either as an online applet or as a downloadable 
application, on any computer with a Java 1.1 or later virtual application, on any computer with a Java 1.1 or later virtual 
machine. machine. 
available for Windows, Mac OS, Mac OS X and Linux.available for Windows, Mac OS, Mac OS X and Linux.
designed with an open architecture that provides extensibility designed with an open architecture that provides extensibility 
via Java via Java pluginsplugins. . 
Custom acquisition, analysis and processing Custom acquisition, analysis and processing pluginsplugins can be can be 
developed using developed using ImageJ'sImageJ's built in editor and Java compiler.built in editor and Java compiler.
UserUser--written written pluginsplugins make it possible to perform almost any make it possible to perform almost any 
image processing or analysis.image processing or analysis.



Methods in Monte Carlo simulationMethods in Monte Carlo simulation

Target (Detector) constructionTarget (Detector) construction
–– Load DICOMLoad DICOM--CT imagesCT images
–– Convert pixel to voxelConvert pixel to voxel
–– Set voxelsSet voxels
–– Convert CT value to Convert CT value to ““physical densityphysical density”” and and 

““element compositionelement composition””
Beam data (XBeam data (X--ray Spectra)ray Spectra)
–– XX--ray spectrum used for radiation diagnosis (Xray spectrum used for radiation diagnosis (X--

ray tube) ray tube) Birch formulaBirch formula
–– XX--ray spectrum used for radiotherapy (Linac) ray spectrum used for radiotherapy (Linac) 

Load xLoad x--ray spectrum dataray spectrum data



Methods in 2Methods in 2--D DoseD Dose--CT MappingCT Mapping

CT dataCT data
–– Load DICOMLoad DICOM--CT imagesCT images
Dose dataDose data
–– Load the data with energy deposition, voxel Load the data with energy deposition, voxel 

location (x, y, z), and voxel density.location (x, y, z), and voxel density.
–– Calculate Dose with energy deposition and its Calculate Dose with energy deposition and its 

densitydensity
–– Create Dose images with color mapCreate Dose images with color map
22--D dose mapD dose map
–– Superimpose Dose image onto CT imageSuperimpose Dose image onto CT image



Process flow in Monte Carlo simulationProcess flow in Monte Carlo simulation



PrePre--Process in Monte Carlo simulationProcess in Monte Carlo simulation

Sort DICOM images by slice location
Create “Data.dat” with names of DICOM images, 
the number of DICOM images, and compress ratio.



Process flow in Monte Carlo simulationProcess flow in Monte Carlo simulation
(Detector construction)(Detector construction)

Load DICOM images Extract parameters in 
each DICOM image
– Rows, Columns
– Pixel Spacing (x, y)
– Slice thickness
– Slice location
– Pixel Value (CT value)

Create .g4 files and .dat
files

.g4 file 

.dat file Pixel values (Pixel values (binarybinary))……..



Process flow in Monte Carlo simulation Process flow in Monte Carlo simulation 
(Detector construction)(Detector construction)

Load .g4 files and .dat files

Pixel valuesPixel values
((binarybinary))Pixel valuesPixel values

((binarybinary))Pixel valuesPixel values
((binarybinary))Pixel valuesPixel values

((binarybinary))

.g4 file .dat file 

Pixel valuesPixel values
((binarybinary))



Process flow in Monte Carlo simulation Process flow in Monte Carlo simulation 
(Detector construction)(Detector construction)

Convert pixel to voxel Pixel spacing (Pixel spacing (x,yx,y))
Slice thicknessSlice thickness



Process flow in Monte Carlo simulation Process flow in Monte Carlo simulation 
(Detector construction)(Detector construction)

Set Voxels Rows, ColumnsRows, Columns
Coordinate (x, y)Coordinate (x, y)

RowsRows

ColumnsColumns



Process flow in Monte Carlo simulation Process flow in Monte Carlo simulation 
(Detector construction)(Detector construction)

Set Voxels Slice locationSlice location



Process flow in Monte Carlo simulation Process flow in Monte Carlo simulation 
(Detector construction)(Detector construction)

Convert CT value to “Physical Density” and 
“Element Composition”

422

78

-68



Process flow in Monte Carlo simulation Process flow in Monte Carlo simulation 
(Detector construction)(Detector construction)

Physical density (Ref. W Schneider et al, Phys. Med. Biol. 45 (2000) )

– CT value<-1000 1.29 mg/cm3 Air
– CT value>1600 default: 10g/cm3 Ag
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Process flow in Monte Carlo simulation Process flow in Monte Carlo simulation 
(Detector Construction)(Detector Construction)

Element Composition Element Composition (Ref. W Schneider et al, Phys. Med. Biol. 45 (2000) )

CT
Low

CT
High H C N O Na Mg P S Cl Ar K Ca Ti Fe Ag

-1000 -950 00 00 75.575.5 23.223.2 00 00 00 00 00 1.31.3 00 00 00 00 00
-950 -120 10.310.3 10.510.5 3.13.1 74.974.9 0.20.2 00 0.20.2 0.30.3 0.30.3 00 0.20.2 00 00 00 00
-120 -83 11.611.6 68.168.1 0.20.2 19.819.8 0.10.1 00 00 0.10.1 0.10.1 00 00 00 00 00 00
-83 -53 11.311.3 56.756.7 0.90.9 30.830.8 0.10.1 00 00 0.10.1 0.10.1 00 00 00 00 00 00
-53 -23 1111 45.845.8 1.51.5 41.141.1 0.10.1 00 0.10.1 0.20.2 0.20.2 00 00 00 00 00 00
-23 8 10.810.8 35.635.6 2.22.2 50.950.9 00 00 0.10.1 0.20.2 0.20.2 00 00 00 00 00 00
8 18 10.610.6 28.428.4 2.62.6 57.857.8 00 00 0.10.1 0.20.2 0.20.2 00 0.10.1 00 00 00 00

18 80 10.310.3 13.413.4 33 72.372.3 0.20.2 00 0.20.2 0.20.2 0.20.2 00 0.20.2 00 00 00 00
80 120 9.49.4 20.720.7 6.26.2 62.262.2 0.60.6 00 00 0.60.6 0.30.3 00 00 00 00 00 00

120 200 9.59.5 45.545.5 2.52.5 35.535.5 0.10.1 00 2.12.1 0.10.1 0.10.1 00 0.10.1 4.54.5 00 00 00
200 300 8.98.9 42.342.3 2.72.7 36.336.3 0.10.1 00 33 0.10.1 0.10.1 00 0.10.1 6.46.4 00 00 00
300 400 8.28.2 39.139.1 2.92.9 37.237.2 0.10.1 00 3.93.9 0.10.1 0.10.1 00 0.10.1 8.38.3 00 00 00
400 500 7.67.6 36.136.1 33 3838 0.10.1 0.10.1 4.74.7 0.20.2 0.10.1 00 00 10.110.1 00 00 00
500 600 7.17.1 33.533.5 3.23.2 38.738.7 0.10.1 0.10.1 5.45.4 0.20.2 00 00 00 11.711.7 00 00 00
600 700 6.66.6 3131 3.33.3 39.439.4 0.10.1 0.10.1 6.16.1 0.20.2 00 00 00 13.213.2 00 00 00
700 800 6.16.1 28.728.7 3.53.5 4040 0.10.1 0.10.1 6.76.7 0.20.2 00 00 00 14.614.6 00 00 00
800 900 5.65.6 26.526.5 3.63.6 40.540.5 0.10.1 0.20.2 7.37.3 0.30.3 00 00 00 15.915.9 00 00 00
900 1000 5.25.2 24.624.6 3.73.7 41.141.1 0.10.1 0.20.2 7.87.8 0.30.3 00 00 00 1717 00 00 00

1000 1100 4.94.9 22.722.7 3.83.8 41.641.6 0.10.1 0.20.2 8.38.3 0.30.3 00 00 00 18.118.1 00 00 00
1100 1200 4.54.5 2121 3.93.9 4242 0.10.1 0.20.2 8.88.8 0.30.3 00 00 00 19.219.2 00 00 00
1200 1300 4.24.2 19.419.4 44 42.542.5 0.10.1 0.20.2 9.29.2 0.30.3 00 00 00 20.120.1 00 00 00
1300 1400 3.93.9 17.917.9 4.14.1 42.942.9 0.10.1 0.20.2 9.69.6 0.30.3 00 00 00 2121 00 00 00
1400 1500 3.63.6 16.516.5 4.24.2 43.243.2 0.10.1 0.20.2 1010 0.30.3 00 00 00 21.921.9 00 00 00
1500 1600 3.43.4 15.515.5 4.24.2 43.543.5 0.10.1 0.20.2 10.310.3 0.30.3 00 00 00 22.522.5 00 00 00

Air & lungAir & lung

Soft tissueSoft tissue

Skeletal tissueSkeletal tissue



Process flow in Monte Carlo simulation Process flow in Monte Carlo simulation 
(Detector construction)(Detector construction)

Converted data (displayed by OpenGL)Converted data (displayed by OpenGL)
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Process flow in Monte Carlo simulation Process flow in Monte Carlo simulation 
(Beam data)(Beam data)

XX--ray spectrum used for diagnosis (Xray spectrum used for diagnosis (X--ray tube)ray tube)
–– Tube voltage (TV, kV)Tube voltage (TV, kV)
–– Inherent filter (IF, Inherent filter (IF, mmAlmmAl), Added filter (AF, ), Added filter (AF, mmAlmmAl, , mmCummCu))
–– Target angle (TA, degree)Target angle (TA, degree)
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Process flow in Monte Carlo simulation Process flow in Monte Carlo simulation 
(Beam data)(Beam data)

XX--ray spectrum used for treatment (Linac)ray spectrum used for treatment (Linac)
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Process flow in Monte Carlo simulation Process flow in Monte Carlo simulation 
(Beam Focus and Field)(Beam Focus and Field)

SourceSource
–– The area of starting The area of starting 

pointpoint
–– Shape: squareShape: square

FieldField
–– The are of The are of 

destination point destination point 
Shape: square

PhotonPhoton
SourceSource

Shape: square
FieldField



Process flow in Monte Carlo simulation Process flow in Monte Carlo simulation 
(Beam Direction)(Beam Direction)

DirectionDirection
–– 0 degree 0 degree –– 360 degree360 degree



Process flow in Monte Carlo simulation Process flow in Monte Carlo simulation 
(Output data)(Output data)

Output the text file after calculationOutput the text file after calculation
– Rows, Columns, Pixel Spacing (x, y), Slice thickness, etc
– Copy Number, x coordinate, y coordinate, z coordinate, 

energy deposition, and physical density

run/beamOn 1000000
Event ID: 0
Event ID: 1
・
・
・
・
・
・
・



Process flow in 2Process flow in 2--D DoseD Dose--CT CT 
MappingMapping



Process flow in 2Process flow in 2--D DoseD Dose--CT MappingCT Mapping

With our With our PluginPlugin



Process flow in 2Process flow in 2--D DoseD Dose--CT Mapping CT Mapping 
(CT data)(CT data)

Load CT imagesLoad CT images
–– Convert 16Convert 16--bit to 8bit to 8--bit gray scalebit gray scale

Load CT imagesLoad CT images

Convert 16Convert 16--bitbit
to 8bit gray scaleto 8bit gray scale

Phantom (Tough Water)Phantom (Tough Water)



Process flow in 2Process flow in 2--D DoseD Dose--CT Mapping CT Mapping 
(Dose data)(Dose data)

Load output dataLoad output data

With our With our PluginPlugin

512

512

Output data of phantom 
after calculation (Tough 
water)

Compress: 2
The number of slices: 46



Process flow in 2Process flow in 2--D DoseD Dose--CT MappingCT Mapping
(Dose data)(Dose data)

Load output dataLoad output data

x    y   z
physical
density

Energy
deposition

Compress: 2
The number of slices: 46

With our With our PluginPlugin

Dose = Dose = 
Physical densityPhysical density

Energy depositionEnergy deposition D
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Process flow in 2Process flow in 2--D DoseD Dose--CT MappingCT Mapping
(Dose data)(Dose data)

Load output dataLoad output data

x    y   z
physical
density

Energy
deposition

With our With our PluginPlugin

Dose = Dose = 
Physical densityPhysical density

Energy depositEnergy deposit

Compress: 2
The number of slices: 46



Process flow in 2Process flow in 2--D DoseD Dose--CT MappingCT Mapping
(Dose data)(Dose data)

Load output dataLoad output data

x    y   z
physical
density

energy
deposit

With our With our PluginPlugin

Dose = Dose = 
Physical densityPhysical density

Energy depositEnergy deposit

Compress: 2
The number of slices: 46



Process flow in 2Process flow in 2--D DoseD Dose--CT MappingCT Mapping
(Dose mapping on CT image)(Dose mapping on CT image)

Dose imagesDose imagesCT imagesCT images

22--D DoseD Dose--CT imagesCT images



Process flow in 2Process flow in 2--D DoseD Dose--CT MappingCT Mapping
(2(2--D dose map)D dose map)

AxialAxial CoronalCoronal

SagittalSagittal



Process flow in 2Process flow in 2--D DoseD Dose--CT MappingCT Mapping
(2(2--D dose map)D dose map)

11 11

22



Process flow in 2Process flow in 2--D DoseD Dose--CT MappingCT Mapping
(Difference between high(Difference between high--energy and lowenergy and low--energy)energy)

4MV X4MV X--rayray 40KV X40KV X--rayray



SummarySummary
We designed and developed 2We designed and developed 2--D DoseD Dose--CT CT 
Mapping software using Geant4 and ImageJMapping software using Geant4 and ImageJ
–– To convert CT image to a format that can be To convert CT image to a format that can be 

processed in Geant4processed in Geant4
–– To display dose mapping on CT image using To display dose mapping on CT image using 

ImageJImageJ



Future workFuture work
To optimize radiation therapy verification To optimize radiation therapy verification 
tooltool
–– The enormous amount of time necessary to The enormous amount of time necessary to 

calculate dose by CT imagescalculate dose by CT images
Remove extra voxel ex) Air outside bodyRemove extra voxel ex) Air outside body

–– Dose Analysis ToolDose Analysis Tool
Dose Volume HistogramDose Volume Histogram
etcetc……

–– Irregular Shape FieldIrregular Shape Field
–– Dynamic WedgeDynamic Wedge
–– Dynamic MultiDynamic Multi--Leaf CollimatorLeaf Collimator
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